SEISMIC ANALYSIS OF A MULTI-STOREY BUILDING
USING STEEL BRACED FRAMES

A Thesis Submitted
in Partial Fulfillment of the Requirements
for the Degree of

MASTER OF TECHNOLOGY

In

Structural Engineering
By

Siddhant Singhal
(University Roll No. 1170444014)

Under the Guidance of

Mr. Bilal Siddiqui
(Assistant Professor)

BABU BANARASI DAS UNIVERSITY
LUCKNOW
2018-19




COMPARATIVE STUDY BETWEEN RCC
STRUCTURES AND PREFABRICATED STRUCTURES

A Thesis submitted
In partial fulfilment of the requirement
For the degree of

MASTER OF TECHNOLOGY

in
Structural Engineering
By
Siddhant Singhal
(University No. 1170444014)

Under the guidance of

Mr. Bilal Siddiqui
(Assistant Professor)

BABU BANARASI DAS UNIVERSITY
LUCKNOW
2018 - 2019



CERTIFICATE

Certified that SIDDHANT SINGHAL (1170444014) has carried out the
research  work presented in this Thesis entitled “COMPARATIVE STUDY
BETWEEN RCC STRUCTURES AND PREFABRICATED STRUCTURES”
for the award of MASTER OF TECHNOLOGY (Structural Engineering) from
BABU BANARASI DAS UNIVERSITY, LUCKNOW under my supervision. The
Thesis embodies results of original work, and studies are carried out by the student
himself and the contents of the Thesis do not form the basis for the award of any
other degree to the candidate or to anybody else from this or any other

University/Institution.

(Signature)

Mr. BILAL SIDDIQUI
(Assistant Professor)
Department of Civil Engineering

BBDU Lucknow

Date -

(Signature)

Mr. ANUPAM MEHROTRA
(Head OF Department)
Department of Civil Engineering

BBDU Lucknow




DECLARATION

I hereby declare that the Thesis entitled “COMPARATIVE STUDY
BETWEEN RCC STRUCTURES AND PREFABRICATED STRUCTURES”
in the partial fulfillment of the requirements for the award of the degree of
Master of Technology (Structural Engineering) of BABU BANARASI DAS
UNIVERSITY, is record of the own work carried under the supervision and
guidance of Mr. BILAL SIDDIQUI to the best of my knowledge this Thesis
has not been submitted to BABU BANARASI DAS UNIVERSITY or any

other University or Institute for the award of any degree.

(Signature)

Siddhant Singhal

Roll No. 1170444014
Structural Engineering
Dept. of Civil Engineering

BBDU, Lucknow




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.




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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Comparative Study Between RCC Structures And Prefabricated Structures

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 OMREF 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.

Civil Engineering Department, BBDU, Lucknow 2



Comparative Study Between RCC Structures And Prefabricated Structures

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.

1.2.2.

1.2.3.

1.3.

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.

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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1.5.
1.5.1.

1.5.2.

To check Structural stability.

To analyze Material specification and its durability

To analyze Joints and connections specially for prefabricated system
Speed of construction and quality

Scale of minimum number of houses

Compatibility and adherence of the system to established standards

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.

RESEARCH AIM AND OBJECTIVES

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.

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.

e 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:
e Labor differences
¢ Placing time (installation)
e Efficiency of workers

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

of both systems
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1.6. STRUCTURE OF THE THESIS

Chapter 1 : Intruduction

N/

Chapter 2 : Literature review

VA

Chapter 3: Methodology

\Z

Selection of type of Prefab technology to be analysed and compared

2

Plan preparation

\Z

Structural analysis for cast in-situ construction and precast
construction

\Z

Cost analysis for cast in-situ construction and precast construction

\Z

Chapter 4 : Findngs and Discussion

N

Chapter 5 : Conclusion

Fig 1 — Structure to the thesis

Civil Engineering Department, BBDU, Lucknow 9



Comparative Study Between RCC Structures And Prefabricated Structures

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 iv. Cost
structure v. Weight
ii. Deformations vi. Fire performance

iii. Resultant Forces and Moments

[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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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.

Solid Slab Panels

Fig.2 — Parts of prefabricated structure

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 I: 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:

e 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.

e 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.

e 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

e Building materials which are based on agricultural & industrial waste

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

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

e Less dependence on water, sand, aggregates during construction

e Technologies, which are not dependent on fossil fuels

e Zero construction & demolition waste

e Dust free technologies

e Materials & systems based on renewable resources

e 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:
e (Cost escalation leading to increased cost of shelter.
e Rapid & irrationally managed utilization of finite natural resources.
e Environmental degradation; Enhanced use of fertile top-soil,
Deforestation, Lime-quarrying, Surface working in stone belts
e Factory made products like cement, steel etc. calls for high energy
input

e 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
1. Thermal efficiency of the construction during summer and winter
il. 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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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

/i = U .

Fig.3 — A Typical working of a Monolithic ~ Openings are cast in-situ monolithically
Concrete Construction Technology 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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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 (LGSFYS)
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

Perspective View Framing View of the modal

steel components assembled as panels at Fig.4 — A Typical working of a LGSFS

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

Spandral

. : S, -
comprising of various precast

elements such as walls, beams,

slabs, columns, staircase, landing

Solid Slab Panels

and customized elements. There Fig.5 — A Typical working of a Precast Large

Concrete Panel Svstem
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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.

2.84. 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

Fig.6 — A Typical working of a SIP

through the core at an offset angle for superior panels
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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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,

Fig.7 — A Typical GFRG panels

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.9— A Typical working drawing of the building plan of the Load Bearing
structure

GFRG 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.

0Oo0O0OO

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.

o

®)
O Resistant to damage by water and fire.

O Can be used as Shear wall, Partition wall, Slabs.
O Best for construction up to 10 storey.

Fig.11- Centerline diagram of the
beam and column of the building
of the Framed Structure

Type of building Residential == _ﬂ?::—; ~ 2 s
Number of floors G+3 L, Uvg i
Storey height 3m LA 'f—{ i
Dwelling units 16 ol _HI’-“
Total Height 12m b i e o \ _
Slab thickness 150 mm | et
Total covered 2341.36 Sq mt % |
Area per floor t :

Wall thickness 230 mm for outer walls,
115mm for framed walls,  rig 12— A 3D Model of the

124mm for GFRG walls building plan of the
Column Size 450 mm X 230mm
Beam size 300 mm X 230mm Framed Structure
Riser Height 150mm
Thread depth 250 mm
Seismic zone A%
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1 Unit weight 0.433 kN/m”

2 Modulus of elasticity 7500 N/mm”>

3 Ultimate shear strength 21.6 kN/m

4 Mohr hardness 1.6

5 Coefficient of thermal expansion 12 x 10 mm / mm / °C

. 1% : 1hr

6 Water absorption 3.85 % - 94hrs

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, 91 kNm / m
Rib parallel to span

11 Out-'of-plane m'oment capacity, 0.88 kNm / m

Rib perpendicular to span
19 Out-oRf-.plane flexural rigidity, 5 5 0
1b parallel to span
13 Out-of-plane flexural rigidity, 0 Nl f

Rib perpendicular to span

Obtained from longitudinal
1310 kN/m compression tests with ribs in

Uniaxial compressive strength, Py

(Both ends fixed) the longitudinal direction

Uniaxial compressive strength, Py Obtained from longitudinal

( One end fixed and other end 1360 kN/m compression tests with ribs in

hinged) the longitudinal direction
Longitudinal ki llel

Ultimate shear strength, Vi 61kN/m onst ) inal cracks (paralle
to the ribs)

Fire resistance 241 minutes CSIRO, Australia

Table 3 — Compressive Strength of GFRG Panel

Civil Engineering Department, BBDU, Lucknow Page 30



Comparative Study Between RCC Structures And Prefabricated Structures

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 | Area for 250mm lezngth
(MPa) {one cell} mm
Concrete (M25) 25000 (Ec) 230 x 94 (=21620)
GFRG 7500 (Eg) 930
Infilled GFRG with 19500 31000
concrete

Table 4 — Material Property of GFRG Panel
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 | cm mortar plaster on roof / ceiling of lower floor for finishing =
0.21kN/m’,
o 1 cm mortar plaster on floor for tiles = 0.21kN/m?.
o 20mm Clay tiles = 0.2kN/ m”.
> Total Floor Finish load as per IS 875 Part 1 = 0.21+0.21+0.2 = 0.62kN/ m’.
(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”.
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 —

e IS 875 Part 2 gives details of Live loads to be considered while designing.
e For rooms and kitchens — UDL of 2 kN/ m”.

e For Toilets and Bathrooms — 2 kN/ m*.

e Balconies — 3 kN/ m?.

e Corridors/Passages — 3kN/ m’.

e Staircase/ Storerooms — 3kN/ m”.
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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.

e Zone=1III
e Zone Factor=10.16
e 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

e For OMRF =3

e For Load bearing masonry wall structure = 1.5

e 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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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

| 43 Material Property Data X
3.5.3. Masonry — Clay Brick masonry ' _
walls were used in the modeling of the = Mawiatane G
. 3 . Material Type Cther bd
structure having 18.85kN/m” weight hecikrd Somibicioe e =
density. walls in the RCC structure s D ke T
. Material Notes Modify/Show Notes.
which were used were 230mm for |
. Material Weight and Mass
outer walls, 115mm for inner walls; @® Specify Weight Density © Specify Mass Density
for load bearing structure, all walls Acga e = i
Mass per Unit Volume /323 kgim?
were taken as 230mm walls; for the B
echatical Property Data
GFRG structure, Partially filled GFRG Mok of Elasiciy, € 7500 s
. Paisson's Ratio, U o2
panels WeEre used Of tthkneSS 124 mm Coefficient of Thermal Expansion, A iﬂ,DDDD‘!E 1/C
whose property are defined in the Shear Madkis. & 2z HPa
3 . 5 . 4 . Design Property Data

3.5.4. GFRG - This prOperty is Ad;ancejq::::::::g’:j.. | Matetial Damping Propetties...
defined for the wall panels used in the

designing, taking material type as
others, weight density as 3.464
kN/m’,modulus of elasticity, E as
7500 MPa, Poisson’s Ratio U as 0.2,
coefficient of thermal expansion A as 0.000012/C"

118 Cancel

Fig 13 — Material Property Data of the GFRG

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™ cavity. Rectangular concrete beams of
dimensions 230mm X 109 mm. For a residential building, using reinforcement of
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0.876% (Table 3, SP — 16, Design Aids to IS: 456), try providing 2Y12 + 1Y10, and
6mm ¢ 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™ 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. i

3.7.2. GFRG slab — The designing g G o
of the GFRG slabs are a bit é ?&'&:’ﬁm deEgn by cattned enger,
Caling umti concrete — Relnfaroement continuous Srougn

|5 Bebicured.

different and complex than the

normal RCC slab. GFRG-RC ggj
e s
E

composite slab structure can be ,i

used proficiently in floor slabs and 7#

roof slabs. The ribs are to be esres A

oriented in the shorter span, resting E HE xgﬁﬁmm
g E .
# pansd. Bars o protrude ihrough fioor siab

on GFRG wall panels. For ease in e
design, the contribution of GFRG , alll Bl UL

anels towards the flexure strength Tergeray prugpng s ek Sefes et b S0 1 o ad e B
p gt transverse bo ks & shall not exceed 1800mM centres.  S/ab 35 ENOWN.

can be ignored and the GFRG panel Fig 14 — Concrete filled Rapidwall and floor

T,

A2 redr bars Inserted in lowar

can be treated as the lost v £ 10 giuge welded mesh' (@ 100 mimel
framework. Reinforced R N ok
concrete micro beams are to U

B
T

i

N7 J
e f-‘w.-z;]

- = - .lf P —— "
T N
15

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.

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

placed in for concrete micro beams.

Electrical conduits are then sited in position.

Welded wire mesh is then kept all over the panel.

Then concreting is done with thickness 50 mm.

Subsequently waterproofing of roof is to be done.

b

® NN

For more detailed structural joints refer to Annexure |
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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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.

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
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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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Fig. 20- A 3D Model of the building of the GFRG Structure in ETABS

Fig. 21- Analyzed result of the Building of the GFRG 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®

Brick Rs. 7/ Brick
GFRG Panels Rs. 1120/ m®
Stone Aggregate (20mm) Rs.3176.10 / m’
Soil Rs. 405.84 /m’
Mason Rs. 550 / day
Labour Rs. 350 / day
Vitrified Tiles Rs. 1027.58 / m*
Shuttering Rs. 550/ m*

Table 5 — Rate List of Material

Civil Engineering Department, BBDU, Lucknow
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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

Max Base Reaction in kN
30000
28000 27664.7
26000 - 25576.9
24000 - 23030.4
22000 -
20000 -
Framed Structure Load bearing GFRG Structure
Structure
Table 6 — Max Base Reactions
Storey Displacement in MM

0.012

0.01 -

0.008 -

0.006 -

0.004 -

0.002 -

0 -
Framed Structure Load bearing GFRG Structure
Structure
Table 7 — Storey Displacement
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Total Base Reaction in kN

800000
694629.2257

700000 626148.178
600000 -
500000 -
400000 -
300000 -

Framed Structure Load bearing GFRG Structure

Structure
Table 8 — Total Base Reactions
Storey Drift in MM

1.20E-06
1.00E-06
8.00E-07
6.00E-07
4.00E-07
2.00E-07 -~
0.00E+00 -

Framed Structure Load bearing GFRG Structure

Structure

Table 9 — Storey Drift

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

Table 10 - Cost of construction (in lakhs)
200 124423057
156.63073
150
100
50
0
Framed Load Bearing GFRG Structure
Structure Structure
Table 11 - Cost per Sq. Ft.
1000 900
200 785
| 648
600 -
400 -
200 -
O _
Framed Load Bearing GFRG
Structure Structure Structure
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Table 12 - Cement used (in Bags)
8000 7380

6000 5437

4000

2000

Framed Load Bearing GFRG
Structure Structure Structure

Table 13 - Sand used (in Cu.M.)

700
600
500
400
300
200
100

Framed Load Bearing GFRG Structure
Structure Structure
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Table 14 - Stone used (in Cu.M.)

800 733.01
700
600
500
400
300
200
100
0
Framed Load Bearing GFRG Structure
Structure Structure
Table 15 - Steel used (in Qtl.)

500

391.74
400

294.83
300 -
216.66
200 -
100 -
O |
Framed Load Bearing GFRG
Structure Structure Structure
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Foundtion
hupe raft Foundation
tatal area Ba7.84
depth 045 0E1
particular rateime or m3 quattity cost
excavation charge IR 2E5.00 35865824 MR 95,024 34
FCE INA g8.154.02 94.0544| 1WA VEE92.46
rce raft charge with steel 1] 1.332.15 264 528| IMR 2,899,337
super structure
o of storews 4
colurnn size 0.23=0.46
o of colurmng 40
hieight of colurnn 27
total wolurn of conc 45,7056 MR 18.78193 WK 858.439.52
bearn zize 2323
‘kotal running length of bearn 28071
total wol of beam T ATEEE IMA 177745 MR 912,468,839
SLaB roof
tatal area of slab per floor 5E5.34
(depth of =lab 015
total wol of conc regl Ffloor 87801
(tatal ol of conc reg 351204 IR 1230881 MR 4,322,903.89
wal L
BRICE. "wORk,
tupe 0.23 0.ns
lerigth 7.51 11368
height 27 27
wol of brick 9160371 38 29764
surface area of wall both side 796554 B13.872
L openings ifloor 528 378 0.6
wol after opening 7945971 30.95064
surface area after opening E30.954 538272
total wol of 4 floors A17.83884 123.80256 4416414
total Sé of 4 floors 2763816 2153.099 4916.904
icost of brickwork] class Thrick + 1 INFR 193393370 MR Th3,295.25 ZRET233.345
cozt of 12 ki plaster both side IMA BE4,232.04  IMA 43955292 1003785.952
FLOORIMG-tile= + 20mr cerment rmortar
floor areal Floor 535.34
total floor area 234136 IMFR 3.220,306.54
IMA 16.76E.415.30
quantity cement sand stone st [abour shutiering fold
m bags m
et Faundefon 40544 DU Y kit ferenn 174 0 | WY I
R 382 ST NROO | Wil 0| MR TR A4
1aft faundaton ik WEE T ikl JTHE Il 173 147 AU I
e mmsle mwal 3y PRI s I 2y
ol T TEES A6 e} 0208 k74 3656448 BT B3R 48 rae B
s R R B RN R TR BELE MR WM INR e
beam 7145 LA TS A AR 08420 B8 Foag 035 D 2F1RE8R N5 TARA 7633 rale S50
e IR mmsne BERTAT | I B3858 R 17075 86 | MEATE IR 385250 | MR 3246888
i B TIREE LM kot 40852 0757 g JRTTTER BT rae 2
rn [ L A MR M2 | SRR TSROINR 430y
vl 1640
Frick P I R ) THum I o | 0 SATO0 51 e Sl
TR P Ik 1 T M MRODNR B700LER| R M 24T
plaster sy umn wem | s I nonz I I BIRTHR06H) ale Bl
s TR WA e M MRODINR BTA07| R MR AL
flooring D B0ERD BIHE i I 11174 I I S99 rae
fles BN s MR T MR 388160 - MRODINR 34739 hR MR 30NN
] TR B2 A0EY TR0 e
‘\NR JTOEER | NR 1XBATI ) LU LR || WERE WD IR RS
Table 17 — Cost Calculation of Framed Structure
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foundation width depththeight area volurne rate cost
excavation Total area 05 562.7182 281.3591 265 T4560.7615
rcc step 1 Total area 015 BE2.7152 8440773
rce step 2 13mM 0z 308.0348 E160898
rce step 3 0.2k 0.15 52.668 7.9002
lintel bearn 015 k4 0.1 52.668 7.5002 16500 INR 2.339.452.89
length of panel mrz4 3
for 4 floors
area of concrete per meter run of wall 0028571429 0.085714286
area of steel per mt runin wall 0.000415171 0.0012455%4
zlab
surface 0.05 288341
micrabearn 0.23 096 wolurne per oor 18.07
7623
opening 0.6 4314285714
vol of beamfm2 0.03765 2250.8728 flooring 2962703.775
cozt of panels IMF B,789,126.00
INR - 15,353,220.88
R — ep— — ——
wall 21 162 10584 ERa.07136 INR - 445285757
b 015 900588 3602352 INA oM,825.04
slab 05 87.801 351204 IR 432290389
opening 0.23 2083 83352
floaring n.o2 213 MR 3220306.54
MR 1432314344
quantity cement sand shone steel |abour shuttering total
m3 bags m3 at s
pec foundation 936544 20603568 E18.11904 41207936 B2.418872 000 0 0 W2120.582) 0
s "INR 275,15357 [ IR 7338460 [INF 26340113 INRO.00] INR 14212055 Ol INR  7R3E5385
raft foundation 1] 0 0 0 0 0E5% 0 r 0 0 0
s "ikR [ihe [iMR A 00l N (UL
column 0 0 0 0 0 080% 0 4 0 0]rate 550m2
s "INR - MR - [ium - 1A .00 THR - | iR INA
bearn 302352 79257744 237755232 158503428 17006376 035% [ 389746212 54BEG 6316 rate B5m2
s "INR 10690985 [INR 30.765.53 [ INR 012643 INR54436.04) INR  B4EEREY | INR  TB3EE250 | INR 5182504
slab L) 77.26488 23173464 184.52976 309.05952 075% 26M0 r 206.77135 532952.07| rate 550m2
s INR_ 104307588 | INR 2854276 | INR_ 987,754.23 INR1137,242.45] INR_ 53295207 | INR__ 371837.00 | INR_ 4,322.90383
wall 0)
brick 0 0 0 0 0 000 0 0 0 rate 550km?2
INR - s "INR - |INR - | INR r INR0.00] INR - |INR INR
plster r 0 0 0 r 0 r 0 0.00% 0 0 0 rate 5502
s "INR - R - R 4 INR 0.00[ IR - MR INR
flacring 23136 2809632 842,885 468272 0 000 0 0 344179 92| rate 5502
liles: INR 240533471 [rs INR 37330032 | INR 083160 | INR g INRO.00) INR 344 17352 | INR INR 322030654
tolal ‘ 5426 384528 542.350096 | 42317608% DUZEE| 2.75011232‘ 216 REE81A 2771049 148 0
‘ INA 244637304 | INA 105270054 | MR 1352470.78 TINR = r\NH = \ IR 119167849 | INR 277104975 | INR 48558950 | INR 1.239.186.57
foundation caleulation
step 1 077
brick 303806 34704 S5.54112 18708224 0 000z 0 0 03679.202 rate 550m2
INA 24763320 |rs "INR 4233350 | IR 37.083.06 | INR 8 INRO.00) INR 10367981 | INA INA 43146157
laster r i i i E i r i 0z i i r 1] rate 5502
s IR INR INR 1WA 0.00] INR INR INR
step 2 53,1542 [
brick 265776 2391984 7175352 14350904 0 000z 0 0 77872.368| rate 550m2
INA 186,043.20 |rs "INR 229178 | INR 27857105 | INF il INROOD) INR 7787237 | INR INR 32406440
plaster r 0 0 0 i 0 i 0 0.00% 0 0 0] rate 550m2
5 INR INR INR IR 0.00] INR - IR INR
step 3 34.8192)
brick 174096 1566864 47.00532 3407184 0 0003 0 0 1010128 rate 50km?2
INR 21867.20 |rs "INR 2115286 | INR 824770 | INR r INRO.O0) INR 510013 | INR INR 21227763
plaster r [l 0 0 i 0 i 0 0.00% 0 0 ] rate 5502
15 IR WA - | INA INFR 0.00] MR INA INA
wall B65.07136)
brick 28253568 Bnm TE2246336 1525692672 0 000z 0 0 8278295424 rate 550im2
INR 197774976 [rs "INR 328085 | INR 29613695 | INR r INRO.00) [N 827.82954 | INR INR 344495710
plaster 495 304 14750712 425708 [ mesoeem [ 0 0.00% 0 0 63573068 ral 550m2
s INR BI.13461 | INR 78679 | INR INAO.00) INR 636.739.07 | INR INR 1007 660,47

Table 18 — Cost Calculation of Load Bearing Structure
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faundation width depthheight area volurne rate cogt
excavation Total area ns 5627182 2813591 265 T4560.1615
ree step 1 Total area 015 BR2 7182 8440773
rce step 2 13m 0z 308.0348 6160636
rce step 3 0.2k 0.5 52.668 7.89002
lirtel bearn 075 M 0.1 52.668 7.9002 16500 INR - 2.339.452.33
length of panel 10724 3
for 4 floors
area of concrete per meter run of wall 0.028571423 0.085714286
area of steel per mt runin wall 0.000415171 0.001245514
slab
surface 0.05 2883 41
ricrobearn 023 096 wolurne per Floor 19.07
76:23
opening 0.6 4314285714
vol of bearnim2 0.03765 2250.8728 floaring 2962703.775
cost of panels IMR B,729,126.00
INR - 15,353,320.88
quanity cemert sand stone stesl Iabour shultering tolal
m3 bags @ m3 qt rs

rce foundation 16181503 35599398 1067.979534 711986396 W2.3972782 146% 2362500314 R 4562746 245554.3991 | rate SA0tm2

s MR 43059082 | INR 138196.56 | INR 48510170 INR 102000951 INR 24856440 | INR INR 233945299
conc in wall 89.22204082 1340864898 562.2654654 3881769796 7763539532 075% 0661665306 5194072653 133876, 3469  rate (2

s MR 262,946 | INR 754505 | INR 24872273 INR 285,674.00] INB 13287695 | INR - [ WB 100503828
conc in slab beam 8474536052 B.A439734 5583133821 37.2879588 TA5TESTE 0502 0428811526 JRRETTO4E1 1286010852 rate (krr2

Is MR 26163372 | INR 7237593 | INR 23834463 INR 18513338 INR 128.60103 | INF - |INR 87616474

INR 95430400 INR 20553764 INR 94156906 INR 143082288 INR 50803243 INR

conc in slab 4705 N7 9516253 E3.43602 126 87004 02w 0130275805 23 FREE0RT3 218778 7338 rate (krri2

s MR 42818633 | INR 12312737 | INR 405,476 65 INRT307E7S INR 21877873 | INR - |INR 130628453
‘ N 142249039 INR 40904501 INR 1704571 INR 162153867 INR 7268116 INR 552693094 ‘

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 —

e Replacing wooden doors, windows and ventilators and frames with Fiber or
WPC or Aluminum work, which are quite cheaper than wooden frames and
panels.

e Using recycled Fibers and plastics can help to reduce plastic waste in the
environment.

e 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.

e (lass sheets and glass rods can also replace steel rebars.

e 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.

e Also using EFC, our dependency on Natural sand will reduce.

e Synthetic Sand made using plastic and glass grains can also replace natural
sand.

e 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.

&
o
/(/
/// - //\
AT il -
////D>/ i
< P> N
/
B \
// l(X\ N
=
Ry SN =
\\ )\\\\\ ///
20 20 . ¥
230 220
i
! 125 125 1 Panel ribs
123 +/-3 ‘ 20mm thick at =
15 ‘ 115 250mm centres
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Fig A-1 Sectional View

Rapidwall Internal panel vith
concrete filled cavites.
Miniaum structural grade
concrete strength 25MPa

E
&
&
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nginser.

FRopiduall Infernal parel with o
‘e filed conties. 8]

conerere fled cenle = Typicaliy N12 Starter bais
R 4 from fooring os specitied by
Typicaly Ni2 Starter bars spxoy £ grouten certifiad anginser
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~F engineer. 5

Floar slob

Dometar of the starter bar hole to
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Depty of starter tar 150am
or as specified by cortified
engireer.

Aiternafive NIZ starter bars
Raft Joofing stesl reisforcing os per
enginears specifiation

SECTION

Fig A-2 Concrete filled internal Rapidwall
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130mm wide x S0mm
minimum deep edge i
rebofe or as specified
by certified engineer or
lotol building codes.

400

Raft flear slab i :

50 MIN.

External Ropidwall panel
with cancrete filled covities

Typically N12 starter bors from footing
as specified by certified engineer.

Painted flexible waterproof membrane

Sealant (Refer Detail 4.0, 4.1 or 4.2}

Finished ground level.

Refer to Detail 2.0 for starfer
bar hole diometer & depth.

Raft edge-beam

Starter bar olternative te epoxied bar

o
@
i
=i
=
i
-
b

Centres specified by ce
Bosed on Sheor and/or uplift requirements.

Maximum 1250 centers.

External Rapidwall

panel with
" cancrete filled
By cavities
G
N
i
Typically N12 starter bars
tram footing as specified by
F certified engineer.
.

- Line of footing
beam

Fig A-3 Concrete filled external Rapidwall

123+/-3mm Rapidwall ponel
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the starter bars or i
to full height as
required.

Steel reinforcement o3 4
specified by certified
engineer. 4

130mm wide

mininum edge B .

rebate

Setdown to be SDmm or Flaor level

as specified by cerfified 4

engineer or by local 4

building coda

Refer ta Deteil 2.0 for starter
bar hole diameter & depth.

130mm minimum

SECTION

3 |
&
. Apply approved sealer & coating to
externgl face
=
|
a &
s
a5 . Apply approved water proof sealer
around starter bar. (See enlorged
4 = view.)
a4 i
@
4 = Cut 10mm joint affer concrete
. = filling. Provide on approved primer
= | and polyureathane sealing system.
e Silka Flexpro with primer 2107 or
as per 4.1 or 4.2 detail.
AN
< =
- W
40 L =
<
H
E
4 a £
R

Paving fo be groded away from wall

Z0RmeE mirmum

i \
&) N,
\

fomeric membrane

Apply appraved water proof
sealer around starfer bar
prior to installation of
elastomeric membrone,

Fig A-4.1 Concrete filled Rapidwall External wall to footing connection option 1 of 3
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123+/-3mm Ropidwoll panel _

i

Refer fo manual

Steel renfarcament as
specified by o
certified engineer

Apply approved water
proof sealer around
starter bar

130mm wide

minmum edge
rebate

Floor level

code

[T Point or texture

coating

Appraved primer,
to external Face

sealer
of panel.

Setdown to be SOmm or a5
specified by cerfified
engineer or by lotal building

Refer to Detoil 2.6 for starter bar
hole diameter & depth.

Epoxy grout starfer bar
info footing lor slab]

130mm minimum

SECTION |

Apply weather proof potyurethane primer
& seal system, eg. Primer 2107 & Siko
Flex Pro prior to installing cement fare
beord

Fasten tement fibre baard fo the panel using
a suitable weather proof aghesive or
fostener, The fostener can be inserted only
in the tep section of the cement fibre board.

6 to 1 X 150 mm fibre board. Board
MUST be primed with salvent based
primer before installing.

Apply approved water-resistant
coating to externol face of the
cement fiore board,

Samm Minimum [NTS1

Poving o be groded away from wall

N

4

meric mambrane.

<

Apply approved water proat
sealer around sforter bar
prior to instollation af
elastomeric membrane.

HOTE

10 Prime the entire external face of the panel

2.0 Apply weather procf polyurethane seal system, eg. Sika Flex Pro
prior b installing of cement fibre hoard

30 Apply a solvent based primer to the cement fibre board prior to
fixing

LD Affix the cement fibre board

50 Apply approved sealer aver external face af the panel including
the cement fibre board

60 Apply paint or texture coat

Fig A-4.2 Concrete filled Rapidwall External wall to footing connection option 2 of 3

123+/-3mm Ropidwoll panel

Concrete fill cawty to
height 100mm obove
the starter bars ar
full height os
required.

Steel reinforcement as |
specified by o |
certified engineer,

as

130mm wide
mimmum edge
rebate

Floor level
<

building cade

specified by certified
engineer or by local

Setdown to be S0mm of as

Apply approved water
proof sealer around
starter bar

Refer to Detail 2.0 for starter

bor hole dimeter & depth.

Epoxy grout bar info
foofing lor slab

155mm minimum

SECTION

4

Paint or texture cogting

Approved primer, sealer to
external face of the ponel

Apply weather prog
& seal system, eg
Flex Pro priar to installing cement fibre
baord

Fasten cement fibre board to the
ponel using o suitable weatherproof
adhesive or Tastener. If using o
fastener insert in the tap section of
the cement fibre board only,

6 to 1 X 100 mm fibre boord.
Board MUST be primed with salvent based
primer befare instalting,

Approved water-resistant coating
to external face of the tement
fiber board.

Somm Minimum (NTS]

a
! Paving to be graded away from wall

I\

roor
extended
de foce of the slal

lation of

the menmb
starter
re- the domp pr
d by relevant

4 4

stomeric membrane.

Apply approved water proof
sealer araund storter bar
prior to installation of
elastomeric membrone.,

HOTE

10 Prime the entire external face of the panel.

2.0 Apply weather proof polyurefhane seal system, eg Sika Flex Pro
prior ta installing of cement fibre board

3.0 Apply a solvent based primer fo the cement fibre board prior to
fixing.

4.0 Affix the cement finre board

5.0 Apply approved sealer over external face of the panel including
the cement fibre board

60 Apply paint or texture coat

Fig A-4.3 Concrete filled Rapidwall External wall to footing connection option 3 of 3
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i S Typically N12 Reinforced
@ V% bars as specified by
= 2 certified engineer
c Q.
<
= v
@ o
= Loy o
b — Rapidwall internal panel
3 = with concrete filled
= " cavities.
Typically N1Z Reinforcement bars or as i ia
specified by certified engineer. Gverlap £ 5
with protruding lower reinforcement b4 ;
bars to overcome uplift tension : 3
o &
E’ Rapidwall Internal panel £ |E
=l i e
§ with concrete filled & |E e
= cavities w |3 N
£ 5 |T
E Susgpended concrete floor slab = LT
= e Y
= =4 =] Typically N12 Reinforced
: ] % bars as specified by
- = E 0. cerfified engineer
3
L Floor reinforcement bars, o )
= as specified by certified engineer ta
= o - e
; F e

Typically N12 reinforcement bars.
Bars to protrude through floor slab and
extend into upper ponel by 400mm minimum pLAN

Rapidwall Internal panel
with concrete filled
cavities

SECTICN

Fig A-5 Concrete filled Rapidwall Internal wall to suspended floor continuously reinforced

ML W12 starter bars frem footing or
2 as specified hy certified engineer.

i Ropidwall external ponel
ST with concrete filled caovities.

Ropidwall external panel

centres specified by certified engineer.
Omm Cente

Maximum 12

1 with cancrete filled cavities. 7
] Reinforcing bars nust be continuous -
= through floor into upper panel =
=] = =
= S
Suspended = 1
Floor slab = o £
I 3 - z ==
= i at ¥
[l 3 g s
£ . B
& .
=
=

SECTION

Fig A-6 Concrete filled Rapidwall Internal wall to suspended floor Non-continuous
reinforced
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o 2 Ropidwall internal panel
1 ¢ with concrete filled cavities.

E 1" % Integral concrefe beams and floor slab.
. Cut and remove wall secfions as required
fo permit integral concrete pour

400

i Reinforcement continuous through intersection

Floar
Tr\
|
|
|
|

Bearers Metal end-ctlosures .
w e Reinforcing os per
c H | engineers specifications
o . A
T 3 3 Ropidwall formwork spanning between
5,; ) ! internal wolls or beams and
= Ze 9 exposed os ceiling lining.
= 4w s
di E=8 :
T g Rapidwall internal panel
] c <N with concrete filled cavities.
S5 1
e ag N12 reinforcement bars inserted in lower panel.
] Bars to protrude through floor sltab and
u extend into upper panel by 400mm minimum. Spacing
of reinforcement as specified by certified engineer.
Bars may also be full height and
| ) | profrude through slab as shown.

Temporory propping gs required -
Refer engineering design guidelines

Fig A-7 Concrete filled Rapidwall with Rapidwall slab formwork / ceiling internal wall to
suspended slab

Internal Ropidwall panel with
concrete filled covities.

Mofe. Ponel MUST sit obove
sefdawn.
Palyurethane sealant Polyurethane sealont/ I
waterproofing system. water groof system- refer [ fl, Il Seal wef areas ond bolconies
Refer to Detgil £.0, 4.7 or 4.2 ] PRt e A with an approved waterproof
= E 1k membrane system.
Bal lab E 3
alcony slo c
setdown N o Setdown for wet areq S0 Slab minimum}
w0 A= spanning befween
transverse rib
beams
2
=
Floor reinforcement
2 bors as specified by
certified engineer,
Cantilevered balcony
slab - design by I Rapidwall formwerk spanning between
certified engineer. ‘AN internal walls or beams bath ends
= P B Rapidwall ponel exposed as ceiling lining
E
Rapidwall internal panel
with concrete filled cavities.
1. Typically N12 reinforcement bars inserted in lower panel
= Bors to protrude through floor slab ond
SR extend into upper panel by 400mm minimum,

Spacings of reinforcement os specified by cerfified
engineer. Bars mey aolso be full height and
profrude through slob as shown

Temporary propping as regquired

SECTION

Fig A-8 Concrete filled Rapidwall with Rapidwall slab formwork / ceiling balcony and set
down details
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Rib spacing and renforcement to
canventional reinforced concrete, design by certified

. .
NOTE: If concrete rib spacings exceed 1250mm,

tempoary propping os required to support Ropidwoll
ceiling unfil concrete is seft/cured.

Rapidwall fermwork spanning befween
infernal walls or beams both ends and

o
Rapidwall internal panel
with concrete filled cavities.
S
e
5
=
E
£
E
S £
@ =
=
= 0
E engineer
£
=
~
£ S T . e
ol -E Sme T R T
5 2 3 i
£ Ea 20mm
o
F 0
E -
=
= Bearers
E
£
=
=
=
i
exposed as ceiling lining.
Rapidwall internal ponel

with concrete filled cavities.

N1Z reinforcement bars inserted in lower panel
Bors fo protrude through floor slob and

extend into upper panel by 500mm minimum. Spacing

of reinforcement as specified by cerfified engineer,
Bars may also be full height of floor and
protrude through slab as shown

Temporary propping - Bearers shall be transverse
fo ribs & shall not exceed 1800mm centres

SECTION

Fig A-9 Concrete filled Rapidwall with Rapidwall slab formwork / ceiling internal

Apply approved sealer & coating fo external face

Concrete filled corner covity

Rapidwall panel

wall to suspended slab

<)
=
=
=

N Y

"

U

Insert SL&1 reinforcing
mesh centrally to full height of panel.

8g x 30mm bugle-head screws fixed at 300mm
cenfres vertically, countersink and flush.

L0 % L0 x 1.6mm galvanised metal
brake-pressed angle strips fixed to inside faces.

For internal use fill, tape & flush corner or for
external use, stople a corner setting bead and flush.

8g x 30mm bugle-head screws fixed of 300mm
centres vertically, countersink ond flush

Rapidwall panel

ells shawn insulated. Can he concrete filled.
screws must be fastened at dista

PLAN

8g x 30mm bugle-head screws fixed at 300mm
centres vertically, countersink and flush.
Fill, tape and flush internal corner

8g x 30mm bugle-head screws fixed of 300mm
centres vertically, countersink and flush.

ces of 300mm vertically before concrete filling.

Fig A-10 External 45" corner concrete filled or insulated

Civil Engineering Department, BBDU, Lucknow
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123+/-3

B
Mote:- Remainder of cavities can be concrefe v ]
filled or insulated os required i "
Approved sealer 2 =1
% coating. o
60x60x1.6mm thick galvanised mefal angle . 4 T
strip fixed to inside of panel LSRR RS
Bg x 30mm bugle-head screws at 300mm centres Ropidwall e e .
to both faces of panel, countersink and flush panel . ST A
T s = - 4
Concrefe fill all carner covifies I t A
Corner T
Profile Repidwall penel sefting
to form corner bead Ropicwall panel  APproved sealer
& coanting.
Prepared corner with 9
wafer-resistant pafching

123+/-3

Wy =

4pply approved sealer  caating to external face

60x60x1.6mm thick galvanised metal angle

strip fixed to inside of panel

Bg % 30mm bugle-head screws at 300mm cenfres
to externol foces of ponels, counfersink and flush

Flush the prepared corner with water resistont
patching compound and staple stainless steel ar
appraved external use plostic corner setting bead.

PLAN

e:-Cells shown insulated.
s musf be

Al s

mm verfically

fore concrefe filling.

Fig A-11 External Corner Alternative Concrete filled or insulated

oncrete filled.
s

at distances of 300mm vertically before concrete filling.
a M
3 -
123+/-3 =
4 . “
4 4
« a st ‘e
Note-Remainder of cavities can be concrefe ’ iy ER R
filled or filled with insulation as reguired = j 4 4
< 4 3
i i & 2 <
o
Refer to manual for stud recomendations

Enlorged view
corner intersection

Concrete fill corner cavities.

Profile Rapidwall panel
to form cormer

123+/-3

Apply opproved sealer & coohing to externol face

Flush the prepared corner with wafer resistant
patching compound ond staple stainless steel or
approved external use plastic corner setting bead.

PLAN

Fig A-12 External Corner Alternative Concrete filled or insulated
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Fill panel cavities with insulation or
concrete fill as required.

95x35%1.15mm thick galvanised metal closure channel
=5 fixed to inside of panel

= Bg x 30mm bugle-head screws at 300 centres
to both faces of panel before concrete fill,

Concrete fill all corner cavities.
Fix through panel ond both metal closures with
12gx35mm Hexagonal head screws af 300mm cenfres

before concrete fill.
Tape and flush internal corner

Lm W/

ae "

¥ o ~

. o

1 A ™

e 4
.
Apply approved primer to oll panel surfaces.
Apply approved sealer & coafing to external face

Apply corner trim fixed to affer trim 1s installed.
panels with screws and 90"35)‘_“-15”‘”7 Fhick
seal with woter resistant galvanised mefal closure
patching compound. thannel fixed to inside of

panel 8g x 30mm bugle-head
screws at 300mm centres
before concrete fill.

Fig A-13 External Corner Alternative Concrete filled or insulated

™ 90x35x1.15mm or alternate galvanised steel closure channel
\ fo serve as a keeper for inceming panel
= Fix to panel foce with 12g x 35mm hexogonal
heod screws at 300mm centres vertically

8g x 30mm bugle-head screws of Open ended Rapidwall panel
300mm centres fo both foces of panel
Countersink and flush panel faces

90x%35x1.15mm galvanised steel closure
channel fixed fo inside of panel

Tope and flush internal corners Rapidwall panel

8g x 30mm bugte-head screws af 90x35x1.15mm or alternate galvanised steel channel closure
300mm centres fta both faces of panel to serve as a keeper for inceming wall panel

Countersink and flush fimsh panel faces Fix to panel foce with 12g x 35mm hexaogonal

hend screws at 300mm centres vertically

PLAN R . Opened-end Rapidwall panel
INTERNAL WALL JUN[T\ON\\

Fig A-14 Internal Intersecting walls concrete filled or Insulated
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—
4 M Concrete filling 25MPa minimum
Dpened-end Rapidwall panels
f‘ a
/ _ & L . /
g ol i* « i = -
7 4 = a P ‘ B
¥ a 4 3 e m z i = a
i | " -, ) Py,
4 L
J: [ /
¢ | 4 N
Tape ond flush interncl corners i Rapidwall panel
-\Q‘ ; / 16@‘ Mild steel bars @ &00mm centres minimum
Orive through faces of host wall and exfend
F . . to full depth of open ended intersecting wall
pLAN ‘k\ Dpened-end Ropidwall panel
Vg
INTERNAL WALL JUNCTION ~
Fig A-15 Internal Intersecting walls concrete filled or Insulated
1 no. 90x35%1.15mm or alternate galvanmised
steel closure fixed to inside of panel core
8g x 150mm S5 bugle-heod screws afb 700
cenfres. Flush finish panel surface
&0
£ 7
/ = /
20 r 7
=— (i
Tape and flush infernal corners : Rapidwall panel
R
Bg x 30mm bugle-heod screws af " 90x%35x1.15mm galvanised steel channel closure
300mm centres to both faces of panel to serve as o keeper for incoming panel
Countersink and flush finish panel faces Fix to panel face with 12g % 35mm hexaogonal
head screws at 300mm cenfres verfically
Open-ended Rapidwall panel

INTERNAL WALL TEE JUNCTION

Fig A-16 Internal walls ‘T’ Junction concrete filled or Insulated
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Galvanised sfeel bar inserted to within 3mm
af the panel face, flush affer concrefing

£ B — 7
Tape and flush internal corners U L Rapidwall panel
b 4
7 N\ 6@ Mild steel bar @ 600mm centres driven
¢ “a through faces of hest wall & extending the
4 full depth of the cell of the intersecting wall
S
g By Open-ended Rapidwall panel

PLAN -
INTERNAL WALL TEE JUNCTION

Fig A-17 Internal walls ‘T’ Junction concrete filled

Prime joint and ploce backing rod and

approved polyurethane joint sealant system
2 no. 90x35x1.15mm or alternafe galvonised sfeel
channel closures fixed back to-back

[\ |/ /

Stainless sfeel exfernal corner setting bead.

123+/-3mm Ropidwall panel
g |

/ 10 minimum '

Opened-end Rapidwall panels

ALTERNATIVE "A’

Fig A-18.1 Control Joints — wall length Alternative A
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2 no. 90x35x1.15mm or alternate galvanised steel ‘Rondo’ P35 or similar stainless steel expansion jointf.
channel closures fixed back to back to form stud
8g x 30mm bugle-head screw fixings 15

af S00mneicentres 18 il Soreniof povel 12g x 25mm hexagonal-heod screws at 500 centres

@

=

d

a

= / ) —

o !

= !

& Apply approved

=)

o primer fo all panel
S | [ surfoces.

= )

v L

3

&

Apply approved water ‘Rondo’ P35 or similar stainless steel expansion joint

resistant finish to
exfernal face.

ALTERNATIVE "B’

Fig A-18.2 Control Joints — wall length Alternative B

1 no. 90%35x1.15mm or alternate galvamsed steel

channel closure fixed to inside of panel covity.

12g x 150mm bugle-hend screws at 700 centres

this foce. Flush finish internal face

Or fix to panel face with 8g x 35mm hexagonal-head
40 self-tapping screws at 300 centres vertically.

primer te all panel

Apply approved
| ‘ surfaces.

External corner setfing bead
Apply approved sealer & cooting to external face
Backing rod, primer and pelyurethone

joint sealant system Apply approved primer to all panel surfoces.
1 no. 90x35x115mm or alternate galvanised steel
{ 3 channel closure to provide location for incoming panel.

Fix fo panel foce with 8g x 35mm hexagonal-heod
Apply approved self-tapping screws at 300 centres vertically.
primer to all panel Do not fix incoming panel to channel closure
surfaces.

~ Opened-end Rapidwall panel

\ Apply approved sealer & coating to external face

Fig A-19 Control Joints T inter section
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123+/-3mm Rapidwall panel

Smm shodow line joint or
backing rod and sealant

Abutting closed-ended

Ropidwall panel.

Apply approved primer to
oll paonel surfaces.

Apply approved primer
to all panel surfaces.

10mm compressed fibre

cement sheet (CFC).

200mm x height of panel.

10mm compressed fibre cement
sheet [CFCI. &40mm x height of
panel using a suitable odhesive.

Abutting closed-end Rapidwall panel

Apply approved primer
to all panel surfoces.
Flush finish ot external fixing locations

Apply approved sealer & coafing to exterior

PLAN

Apply approved primer to all panel surfaces.

External corner setting bead

Backing-rod, and an approved
primer and polyurethane sealant system

Fig A-20 Blind Control Joints T inter section Concrete filled panels

Internal 123+/-3mm Rapidwall panel

=

[P

S5mm shadow line joint or
backing rod and sealanf

Abutting closed-ended
Rapidwall ponel.

“‘-w..___h\

Apply approved primer
to all panel surfaces.

10mm compressed fibre

cement sheet (CFC).

200mm x height of panel.
10mm compressed fibre cement
sheet {CFC). 40mm x height of

Apply approved primer fo
all papel surfoces. 4 panel using a suitable adhesive.
4
s Abutting open-end Rapidwall panel.
/ \ L ; )
e YX
A 4 = a: 4 i = 4 "
b 4 s ] [ . 4 ol 4
= = = T
e 4 J L - i Gy “ a ¥ ¥
o 2 - iy _'f &
fi = 7
Apply approved primer
16 MS bar @ 600 centres driven 10 Greose this end to all ponel surfaces,

through cells of closed-ended panel &
exftending the full depth of the open-
ended panel

Flush finish at external fixing locafions

Apply opproved sealer & coafing fo exterior

PLAN

External corner setting-bead

Backing rod plus an approved primer and
polyurethane joint sealant system

Fig A-21 Blind Control Joints T inter section Concrete filled panels

Civil Engineering Department, BBDU, Lucknow
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Interiar
2 no. 90x35x1.15mm or alternate galvanised ‘Ronde’ P35 contral joint
steel closures fixed back to back
B ¥ Bimn SSihilgle-Tend-screuls At 300mm 12g x 35mm hexogonol-head screws at 300mm
cenfres fo bofh faces of one panel only centres vertically
— )
E / T /
E / Apply approved primer
E fo all panel surfaces.
=2 /
; ) /
/ /
Apply appraved sealer and coating to external face
10 Backing rod and an opproved primer and
polyurethane joint sealant system
External stainless sfeel corner setfing bead
Exferior
PLAN
Fig A-22 Typical Control Joint External concrete filled or insulated
, " . x
9 fio. 90x35x1.15mm oF — Rondo' P35 control joint.
alternate galvanised steel 12g x 35mm hexagonal-head
closures to each panel. screws at 300mm at 300mm

screw fix only one. centres vertically.

8g x 30mm SS bugle-head Apply approved primer
screws at 300mm centres to to all panel surfaces.
both faces of panel. 'Rondo’ P35 control joint
Countersink and flush finish. or similar.

Fig A-23 Typical Control Joint
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Using twin cutting blades cut a émm joint In both faces
after concrete filling has set 24 hours.
Note:- Joints must be in the same cavitiy but need not be opposite

Expansion joint spacings to he as per engineers specification

bl

L)

g <

g A <
= A

3 . 4

g 4 4 < 4
oo A

= A

=4

" <

a <

2

a

Backing rod with an approved primer
and polyurethane joint sealant system

Apply approved primer

External stainless steelcorner setting bead
to oll panel surfaces.

PLAN
ALTERNATIVE TO RONDO P35 CONTROL JOINT

Fig A-24 Typical Control Joint External concrete filled

Window sill

Backing Plate Aluminium reveal. Fix to closure with

10g x 40mm countersunk-head screws
Approved sealant @

Elostomeric membrane \Wj

Timber reveal

Elostomeric membrane

Approved sealant

Neoprene seal by glazier | l , Mt geaiteore

Note:- Apply an approved
polyurethane seaolant after

first priming ponel buf \/
before final exterior cooting 90x35x1.15mm galvanised steel channel
closures fixed to inside of panel core using

8g x 30mm bugle-head screws ab 300mm
cenfres. Flush finish panel surfoces

Rapidwall panel

Fill cavities os required to satisfy either
insulation, acoustic or fire-rating requirements

)

SECTION THROUGH SILL.

Fig A-25 Window Frame Inserts typical detail with architraves
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Backing Plate

Approved sealant

Elastomeric membrane

Neoprene seal by glazier
Note - Apply an approved
polyurethane sealant after
first priming panel but
before final exterior coating

TEXTURE
COATING

ELASTOMERIC
MEMBRANE

BACKING
ROC

APPROVED
SEALANT

BACKING
ROD

APPROVED
SEALANT
ELASTOMERIC
MEMBERANE

TEXTURE
COATING

Window sill

Aluminium reveal. Fix to closure with
10g x LOmm countersunk head screws

External corner setting beod

Elastomeric membrane

90x35x1.15mm galvanised steel channel
closures fixed to inside of panel core wsing
8g x 30mm bugle-head screws at 300mm
cenfres - flush finish ponel surfaces

External Ropidwall ponel.

Fill cavities as required to satisfy insulation,
ncoustic and fire-rafing requirements

RAPIDWALL PANEL

CONCRETE FILL

Note: The detoil shown on this
drawing is only one possible window

ARCHITRAVE instollation solution. Woterproofing
of window installation remains ol all
times architect's/bullder's

PU FOAM

responsibility.
ELASTOMERIC MEMBRANE

WINDOW HEAD

GLASS

GLASS

WINDOW SILL

SUB-SILL

PU FOAM

ARCHITRAVE

ELASTOMERIC MEMBRANE
PACKER
CONCRETE FILL

RAPIDWALL

Fig A-26.1 Window Sealing details commercial window
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AR R R (I 7

PLAN

50 minimu

S
\r— Insulation filled Rapidwall
panels. Fill as required
For aonchorage of
wall base refer
Raopidwall panels. Filled to Detail ?8. Damp-preof membrane
with concrete or with This joint MUST
insulation as required. ear e
Raft foor slab always be sealed.
[ 4 . - REFER TO DETAIL
/ : N 4.0, L or 4.2

B
-

SECTION

Fig A-27 Typically insulated Rapidwall

123+/-3mm Rapdwaoll panel

J

C—
)
—

<

Setdown to be 50mm or
os specified by cerfified
engineer .ar by local
building tode

A

130mm

SECTION

Apply approved primer
to all panel surfaces.

Approved water-resistant external finish
ta extend over bottom jeint onto concrete

90%35%1.15mm x 150 long galvanised steel
channel keeper. Fix ta concrefe faoting
using Hilfi concrefe naoils - 3 fixings

130 wide x 50 deep minimum setdown.
Cut 10mm joint, Pravide backing rod and an
opproved primer and polyurethane sealant

Or as per &.0, 4.1 or 4.2,

Elastomeric membrane

Damprourse or similar

Fig A-28 Typical Slab Edge detail insulated Rapidwall

Civil Engineering Department, BBDU, Lucknow
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Glozing or trellis

123e/-3mm
Structural inserts to corners

os detoiled

1475

Rapidwall panel

i
GARAGE EXAMPLE DETAIL PLAN

90x35x1.15mm er alterncte galvanised

steel closure fixed fo inside of panel tore using
8g x 30mm bugle-head screws af 360mm
tenfres to both faces of ponel

Fix through panel ond both closures with
12g % 35mm hexagonal-head screws ot 300mnm centres

Profile Rapidwall ponel to form the carner

7
Apply approved primer, sealer
ta all external faces of panel.

B9x89x3.0 SHS steel calumn

S0mn fixed ta inside of panel core using
Bg = 30mm bugle-head screws at 300mm
centres to external face of panel

Externnl corner setting bead

Fig A-29 Structural Inserts garage example

Bosin-mounted tapware - Note:- woll plumbing
2 should not be placed inside Rapidwall

s : party waolls Fixings to extend through
Wall-mounted basin concrete - flush over halt

Rapidwall panel
Concrete Fill cavities immediately
behind basin,

Rapidwall cavities to be concrete filled,
: Basin bracket fa be bolfed through fo
outer face of panel with fixings fo

5 manufacturers recommendations.
Countersink and flush finish to face,

Rapidwall panel

Waterproof membrone by others Waoll-mounted basin

Rapidwnll panel to sit ahove

setdwon, not in setdawn SECTIONAL PLAN

Floor level

SECTION

Fig A-30 Wall Mounting Basin
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Selecied wall tiles
| Approved waterprocf rencer and membrane
Palyurethan= sealant

-

P-ovide continuous flexible seclant
between wa.ls aond both sarfoces

Bath prafile

SECTION

Internal Ropidwail panel

= Fig A-31 Bath Housing

Selected wall files

Approved waterproaf render

- Approved impervious rooting opglied fo the
B full extent of the tied wall oreas, or of least
150mm up the walls from finshed floor level

Provige confinuous flexible sealant
between walls and bath surfaces

Lement screed elected floor hies

':‘:—*t . e =
e
Concrete floor slab <
A o
A <
Coneretd) floor slob
A %
Imperious coating fo be extended for a
minimum 200mm aleng the sefdown to ensure
59 ['ffOﬁ‘ “rontinuty at ol ;uncf9ns

A <7

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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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 topsail,
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

©2019,IRET | ImpactFactorvalue:7.211 |
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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.

E

Fig.1 - A Typical Working of a Monolithic
Concrete Construction Technology

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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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.

Fig.2 — A Typical working of a LGSFS

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.

Fig.3 — A Perspective View and Framing View

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.

Wall Panels

Solid Slab Panels

Fig.4 — A Typical working of a Precast Large
Concrete Panel System

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

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.

Fig.6 — A Typical GFRG panels

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 EI 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. Sowe 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 (aswell 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
guantities:

. 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 technigue 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 ateach 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
ateach 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 aood life span.
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Fig 1 : Flow Chart of work

6. COST ESTIMATION AND ANALYSIS
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Fig -2 : Typical floor Plan

Standard size of the panel =12m x3m x 0.124 m
Rate of GFRG panels (per square meter) =Rs. 1120
Quantity of panels required for G+3 building-

In stairs =26.24 Sq. Mt.
In openings =341.28 Sg. Mt
Total =6061.72 Sg. Mt.

Total cost of panels =Rs. 67.89 Lakhs

Table -1: Cost Comparison of GFRG Building with Load
Bearing Wall Structure and Framed Structure

Savings/Benefits
in GFRG when
compared to

Types of Building

Description
GFRG | oad rcc | toad | RCC
building bearing Eramed Str bearing |Framed
wall Str. ‘wall Str.|  Str.
Dwelling | ;¢ 16 16 : :
units

Carpet Area[122.19 SqM|116.02 SgM|119.02 SgM| 5.32% | 2.66%

Total Build| 2341.36 | 234136 | 2341.36
up area sqm sqm sgm

Excavation| Rs. 74,560 | Rs. 83,987 | Rs. 95,025 |11.22% |21.54%

Rs. Rs. Rs. o o
Steel | 1621540 | 11,91679 | 21,54550 [36:07%024.74%

Rs. Rs. Rs. o o
Cement | 1 1 52 400 | 24.46,373 | 33,20,647 | #1857 |°716%
Bricks - Rs. Rs. - -
25,33,360 | 15,45,745
Rs.
Panels 67,89.126 0 0 - -
Course Rs. Rs. Rs.

0 0
Aggregate | 13,47,046 | 13,52,470 | 23,42,706 0.40% 142.50%

Fine Rs. Rs. Rs o o
Aggregate | 4,09045 | 10,52,702 | 12,05,517 |0114%|66.07%
Shuttering Rs. o o

cot R.0 | 4gsegq [RS813477| 100% | 100%

Labour |Rs.6.24271] . RS RS, 177.47%|78.41%

27,71,050 | 28,91,952

Sub Total Rs. Rs. Rs. - -
1,22,88,078/1,19,17,211|1,42,74,596

Miscelaneo Rs. Rs. Rs.
us 13,41,600 | 37,45,862 | 41,68,461

Rs. Rs. Rs.

0 0
1,36,29,679(1,56,63,073|1,84,43,057 12.98%)26.10%

Total

Inslab =2883.41 Sqg. Mt.

In walls =3217.80 Sqg. Mt.

In parapet =265.55 Sq. Mt.
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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.

357

301

251

201

151

cost in lakhs

101
5-

O.

Steel Cement Sand Gravel

O GFRG M Load bearing O Framed structure

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

O GFRG structure
O Framed Structure

@ Load Bearing Structure

INR 1,000 A
INR 950 A
INR 900 +
INR850 1 |
INR800 1 |
INR750 1 |
INR700 17 |
INR 650 -
INR 600 -
INR 550 A
INR500 -

Cost Per SQ.Ft. in INR

Cost per Sq.Ft.
O GFRG 648
B LB Structure 785
0O SMRF structure 900

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 effectiveand
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 environmentby
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

200 systems approved by BMTPC.
% 1801 3. Analyze the reduction in carbon foot prints in
£ construction, moving towards more sustainable
= 160 X
g development, by use of new construction
© a0t technologies.

1201

100

Chart -2: Total cost of construction
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