International Journal of Engineering Research & Technology (IJERT)

Published by :
http://lwww.ijert.org

I SSN: 2278-0181
Vol. 13 I'ssue 08, August-2024

Comparison of Residences using GFRG
as a Building Material with Conventional
Residences in Kerala

Jesna Joshy
Student, Department of Architecture
School of Architecture and Design
Bishop Jerome Institute, Kollam

Abstract—GFRG (Glass Fiber Reinforced Gypsum) has gained
significant popularity as a building material in the state of
Kerala. The establishment of the manufacturing plant by FACT
(Fertilizers & Chemicals Travancore Ltd.) as a joint venture
which is known as FRBL (FACT-RCF Building Products Ltd.) in
Ambalamedu, Kochi, played a pivotal role in recent years, as
people have increasingly sought sustainable, cost-effective, and
eco-friendly solutions in building construction, and thus, GFRG
residences have seen a surge in demand. Low maintenance and
economic viability have been driving factors behind this trend.
This study aims to comprehensively evaluate the advantages and
disadvantages of GFRG as a building material when compared to
conventional structures in the context of Kerala. Various factors
will be considered, including area savings, cost calculations,
internal temperature, acoustics, weather resistance and
maintenance. The study will utilize case studies to provide
practical insights into the performance and feasibility of GFRG
structures in Kerala's specific conditions. These case studies will
offer a deeper understanding of the suitability and potential
challenges associated with GFRG in real-world construction
scenarios.

Keywords—GFRG; building material; feasibility; residences;
Kerala.

I.  INTRODUCTION

In a world where fast paced living is the norm, the use of
Prefabricated materials has risen in high demand and is the
need of the hour. GFRG (Glass Fiber Reinforced Gypsum) has
gained significant popularity as a building material in the state
of Kerala due to the establishment of the manufacturing plant
FRBL (FACT-RCF Building Products Ltd.) in Ambalamedu,
Kochi, which played a pivotal role in recent years, as people
have increasingly sought sustainable, cost-effective, and eco-
friendly solutions in building construction. The current and
only manufacturing company of GFRG panels as of 2023 is
BACE India, Coimbatore. Often, the question arises as to
whether conventional building materials or prefabricated
building materials, despite its hype, are better at cost savings
and performance. This study aims to check the feasibility of
GFRG as a building material and whether it can be suggested
as an alternate building material for the state of Kerala.[1][2]

II. AIM,OBJECTIVE,SCOPE

The aim of the study is to analyse the functionality and
feasibility of GFRG as a building material in terms of area
savings, cost, environmental factors, and maintenance in
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comparison with conventional residences within Kerala
context.

Objectives:

e To compare the conventional and GFRG building
construction with respect to cost and area savings and report
findings.

* To determine the feasibility of the building material
through user opinion.

* To analyse and suggest through selected parameters the
most convenient building material that can be used in Kerala.

1.The study can show which building material is most effective
based on cost and area savings and other qualitative
parameters.

2.Cost comparison with conventional buildings and GFRG
buildings.

3.The study covers the basic aspects of the need for using
GFRG as a building material and whether it can be used as a
better building material compared to conventional structures.

III. OVERVIEW

GFRG, or Glass Fiber Reinforced Gypsum, is a construction
material that combines gypsum plaster with glass fibers to
create a strong and lightweight composite. GFRG is known for
its versatility and is commonly used in the construction
industry for various applications, including wall panels,
partitions, and architectural elements. GFRG Panel is the
world’s largest lightweight load-bearing panels manufactured
with a size 12m length, 3m heights, and 124mm thickness.
Each panel has 48 modular holes of 230 mm * 94mm * 3m
dimension. The weight of one panel is 1440 kg. GFRG has
relatively gained popular demand in the state of Kerala as a
prefabricated material mainly due to the opening of the
manufacturing plant factory in the Kochi FACT-FRBL
headquarters. GFRG has been chosen in this study as it has
gained substantial amount of popularity in Kerala due to its
claim of area and cost savings. But the question has arisen as to
whether GFRG is cost and area saving material as it claims to
be? A detailed comparison with other factors like maintenance
and thermal comfort is necessary to understand whether the
selection of GFRG as a building material is better than

conventional building materials that have predominantly
existed in the local market. [1][2]
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A. Conventional building materials

As per House and household amenities in Kerala, 2011 census,
table 4.3, houscholds by predominant material of wall
are: Laterite stone packed with mortar (47.4%) and Burnt
bricks (24.5%). A poll was conducted with a sample
population of 100 persons on which building material was
the individuals residences made of. The sample consisted
of users from all over Kerala. According to the poll
conducted, the most residences constructed were of Burnt
brick 44%, followed by Cement block 33%, then Laterite
at 17%, with the least building material used as Hollow
brick at 6%. From this poll and the census data provided,
we can deduce that the three most used conventional
building materials in Kerala are: Burnt bricks, Concrete blocks
and Laterite stone packed with mortar. Hence, the above
mentioned three materials will be taken in this study for
comparison purposes with GFRG as a building material.

B. Methodology

e Identification of GFRG case studies- Two each of single
storey and double storey. The classification is based on the
number of storeys in the building. Here two residences of
single storey typology and two of double storey typology are
chosen. This helps to give an idea regarding carpet area
calculation, cost savings, method of construction and
durability.

e Collection of quantitative data from random residences for
conventional building materials to arrive at a uniform
conclusion — GFRG residences excluded due to limited
availability.

e Creation of similar scenarios to provide for comparison
purposes.

e Comparison of all the collected data and arrival at
conclusions

IV. CASE STUDIES AND PARAMETERS

1. Mr. George’s residence

2. Mr. Jose Anto’s Residence

3. Mr. Sijo’s Residence

4. Mr. Shibu Xavier’s Residence

Quantitative Parameters considered for the purpose of this
study are- 1. Area calculations 2. Cost Estimation 3.
Construction time period 4. Thermal comfort 5. Acoustics

Qualitative Parameters considered for the purpose of this study
are- 1. Weather resistance 2. Maintenance 3. Aesthetics and
customization.

A. Area Calculations

Table 1 shows that the area calculation comparison is done by
employing the floor plans of the case studies mentioned earlier
and drafting the same plan with the conventional building
materials selected, keeping the boundary of the buildings intact
and only by making internal variation according to the
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dimensions of the building material. The carpet area covered
by the buildings with all the floor plans can then be compared
to see which building material takes the least amount of space
and provides more usable area. Comparison for case studies
based on Built-up area vs. Carpet area- The savings are
calculated from all case studies to find a common factor among
the area used up by the building materials.

Table 1 Area calculations in sqm.

GFRG 256.52 222.58 33.64
Laterite 256.52 208.83 47.69
Burnt bricks 256.52 210.20 46.32
Cement blocks 256.52 213.99 42.53

B. Cost estimation

Fig.1 shows a simple floor plan consisting of a 2bhk setup with
an attached washroom is taken and the same room dimensions
are maintained with different building materials. Here, we can
take two approaches for the construction of GFRG Building —
1. Using the GFRG panels for the construction of roof and
sunshades, and 2. Using the concrete work for the construction
of roof and sunshades- GFRG panels are not infilled. A
significant reduction can be seen when GFRG panel leftovers
are used for the construction of roofing and sunshades. Overall,
not much significant changes can be observed in the cost
savings. GFRG provides for more cost savings when
compared to conventional building materials.
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Figure 1 Sample floor plan
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GFRG PANEL WORK COST

Item No  Description Quantity Unit Rate Amount Rs.
1 Excavation for foundation 235488 m3 LS 20000
2 PCC Bed in foundation M10 1:3:6 4.70976 m3 565 2661.0144
3 Random rubble masonry in foundation  14.48928 m3 19000 275296.32
4 Plinth 8.302095 m3 19000 157739.81
S Plinth beam 0.792881 m3 835.7 661.61048
& Earth filling 12.24003 m3 300 3672.0075
7 PCC Flooring 1:3:5 3.49715 m3 500 1748.575
& DPC 2.5cm thick 4.616272 m2 750 3462.204
9 Blockwork in superstructure 4 no 30000 120000

10 Lintel 1:3:5 0.07812 m3 200 62.496
11 Sunshade 1:3:5 1.19592 m3 00 956.736
12 Roof work 1:3:5 393 m3 800 3144

TOTAL 589405.77

Table 2 GFRG Panel work cost

Table 3 Cost vs. Material

Building Material Cost (INR)

GFRG Rs.5,89,405
GFRG w/o concrete work | Rs.5,85,305
Burnt brick Rs.6,30,388
Laterite block Rs.6,36,436
Concrete block Rs.6,28,268

C. Construction time period

The Construction time period graph shows that the building
construction that takes the least amount of time is GFRG
buildings as opposed to conventional building materials.

Construction time period

Figure 2 Construction Time Period Graph in days

D. Thermal comfort

According to the international standard EN ISO 7730, thermal
comfort is: “that condition of mind which expresses
satisfaction with the thermal environment”. It is the
comfortable condition where a person is not feeling too hot or
too cold. Thermal comfort is an effect resulting from
environmental and personal factors. Environmental factors
considered in this study include:

1.Air temperature 2. Air velocity 3. Relative humidity

The Indoor vs. Outdoor temperature graph shows that GFRG
has a 2-degree temperature variation in comparison to other
materials.

Average wind velocity comparison graph shows that GFRG
has higher wind velocities or admits higher cooling effect to
the structure as compared to other building materials. There
may be variation in the data as wind speeds are subject to
change in time and place. GFRG buildings have lower amounts
of relative humidity as compared to other structures which
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leads to better indoor environments. GFRG buildings have
much lower internal temperatures as opposed to conventional
building materials. They have a much higher temperature
variation between indoors and outdoors which proves the
thermal capacity of the material. GFRG buildings have much
higher wind velocities in the structure, leading to ease of
ventilation. They have a significant drop in relative humidity as
compared to conventional building structures.

INDOOR VS OUTDOOR TEMPERATURE GRAPH

22 23 24 25 26 27 28 29

W Qutdoor temperature in celesius B Indoor temperaturein celesius

Figure 3 Indoor vs. Outdoor Temperature graph in deg. Celesius

AVERAGE WIND VELOCITIES m/s

GFRG Burnt brick Laterite Cement block

—a—AVERAGE WIND VELOCITIES m/s

Figure 4 Average wind velocities in m/s

Table 4 Relative Humidity chart in percentage

TEMPERATURE TEMPERATURE %
DEG.CELESIUS DEGCELESIUS
GFRG 26 7%
LATERITE 28 24 79%
BURNT BRICK 18 5 82%
CEMENT BLOCK 29 26 84%

E. Acoustics

Sound level comparison in GFRG buildings can be attributed
to the fact that there are different methods for the construction
of GFRG buildings- 1. Alternate infill of concrete or other
material for structural reinforcement between gaps of the panel.
2. No infilling between panel voids or 3. Infilling of all
cavities. The type that provides the most acoustic privacy is the
structure that is fully infilled.

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)
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In the Indoor vs. Outdoor sound level graph between materials,
Laterite proves to be the material that provides the most
acoustic privacy. GFRG structures provide acoustic insulation
only when the panels are infilled. Here, we can deduce that the
conventional building materials provide more acoustic
insulation as they have more mass.

SOUND LEVEL COMPARISON IN GFRG
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Figure 5 Sound level comparison in Decibels
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Figure 6 Indoor vs Outdoor Sound level in decibels

F. Weather resistance

Rainfall and water seepage is a common problem when it
comes in the case of all building materials selected. The order
of resistance includes:

1.GFRG 2. Laterite 3. Concrete block 4. Burnt brick

With GFRG being the most resistant and burnt bricks being
least resistant.

Table 5 Weather resistance comparison of materials

“ LATERITE BURNT BRICK CEMENT BLOCK

Rainfall and water ~ Water seepage Scaling and water ~ Decrease in
seepage when issues seepage isvisible  thermal comfort
sealant is not through the walls.

applied properly
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G. Maintenance

Maintenance is necessary when it comes in the case of all
building materials. The order of ease of maintenance include.
1.GFRG 2. Laterite 3. Burnt brick 4. Concrete block

With GFRG needing least maintenance and concrete blocks
needing the most maintenance.

Table 6 Maintenance comparison of materials

“ LATERITE BURNT BRICK CEMENT BLOCK

Buildings don't Improper polishing Washed outlookif Easeof
need plastering and of exposed laterite  painting is not maintenance

have the finishofa can cause health done properly
newly constructed  hazards Need a lot of
building maintenance

H. Aesthetics and Customization

The likeability of a building lies in its aesthetic quality. The
order of aesthetic quality include.

1.GFRG 2. Laterite 3. Burnt Bricks 4. Concrete block

With concrete block being the least aesthetic and GFRG being
the most. The customization of a building defines the ability of
the building material to undergo modifications like cutting and
trimming to achieve an aesthetic quality. The order of ease of
customization include.

1.Burnt Bricks 2. Laterite 3. Cement block 4. GFRG

With GFRG being least customizable and burnt bricks being
the most.

Table 7 Aesthetic comparison of materials

“ LATERITE BURNT BRICK CEMENT BLOCK

Cannot experiment  Polishing of Can experiment Limited
with forms dueto  exposed laterite with different experimentation,
non workabilityof  and elaborate forms mostly budget
the panel detailing can be friendly designs
achieved
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