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Line Load Load E =
Lc (w) (Kw) (KVA) =

wrl ws1l wtl wr2 ws2 wit2
14741.9

6866 7023.491 7509.2 9583.1 12256.84 6603.5 57718.12 336.3 395.65 98.9118
1678.03

3718 2802.298 2334.3 932.97 1531.808 3118.2 12397.61 160.799 189.18 47.2938
2337.85

5683 2226.997 788.07 2553.8 2000.885 1153.9 11061.56 169.736 199.69 49.9224
8204.22

5708 3423.351 3992.4 5718.2 2424.886 3856.8 27619.95 221.462 260.54 65.136
2896.22

3606 2395.017 2465.5 1010.7 1049.004 927.58 10744.01 160.854 189.24 75.6961
3194.06

0739 3469.938 2365.2 1698.3 2383.156 1553.7 14664.42 183.204 215.53 86.2136
8623.18

1511 9294.872 4573.1 3441.8 2703.488 10297 38933.61 274.474 322.91 80.7275
3036.79

6875 2328.946 977.9 69.783 82.15321 89.577 6585.161 108.291 127.4 50.9605

Total Loss /h  (w) 179724.4
Total Loss /45h (w) 8087599
Total Losses(MWh/45h) 8.0876
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R=0.29510hm/km

w=I12xRxL

HV Line Losses (w)

9220.65801 10355.059 10093.153
14485.1101 16773.484 16582.3347
17696.4022 20693.2161 17943.3832
16392.2809 19409.6253 18317.0639
15274.9615 19178.3309 18267.0173
14708.6424 16630.0194 16415.9777
14065.114 16797.4547 16085.7797
13672.9226 15735.7188 15875.281
12446.9178 14641.403 14933.8864
10715.8686 11515.5102 11895.8319
9453.0649 10074.5738 10298.6539
8781.85169 9399.1758 9633.80775
8252.58836 8868.75716 9061.45539
8319.95615 9079.07611 9291.85974
9114.36889 10411.6182 10468.3314
9981.93456 11795.1482 11595.0645
10261.136 11219.6208 10735.0298
10582.2199 12591.8288 11875.6609
10506.2257 12529.6214 11535.3731
10392.748 11357.2233 10620.3197
9944.99866 11674.8926 10715.8686
10204.9877 11855.507 11005.0829
10261.136 11555.2531 11160.9051
6855.09185 8370.66171 8303.08853
9381.247 10831.0922 9908.13123
10811.8455 12989.386 12017.2171
14241.2014 16534.7186 14241.2014
13737.9027 15435.4478 13521.9013
12220.8951 13435.98 12385.0699
11024.5007 12261.8361 11160.9051
11357.2233 13414.5425 11634.9443
11475.8358 12529.6214 11674.8926




Total Loss

MW

11298.1481 12905.1763 11258.8503
8540.79276 10392.748 8938.58962
8747.20931 9363.33532 8764.52194
7658.60164 8764.52194 7969.33043
6763.48809 7870.53803 7497.54196
8816.56253 10620.3197 9327.56329
8799.19855 10639.3952 9345.44075
10130.3628 10449.4098 10056.0117
10850.356 12446.9178 10430.5054
11835.3703 13179.8592 11376.9493
10966.2984 13286.2767 12323.376
10850.356 12057.8158 10563.1957
10074.5738 11258.8503 10850.356
491173.157 563180.568 527956.705
1.58231043
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Substation Name Azady Park Date 7-9/02/2010 | |
Feeder No.(Name) F63 Time: 6:00pm to 8:00pm
Feeder
Current IR= Is= [T=
(A)
Network
MCCB 1 Load Current MCCB 2 Load Current
Length
TR Size(kVA) IR1 Isl IT1
No.(Nam
e)
3 400 364.33 | 251.48 | 260.0267 3115667 | 352.36 | 258.63
124.66 161.1 147.0333
6 400 103.9267 | 133.17 190
g 100 211,13 | 206.07 | 122.5833 138 | 12734 967
15 400 2434 el [169.5833 2485667 | 161.87 | 204.14
176.9 160.87 | 163.2167
18 250 120.6667 | 122.93 115.6
185.77 | 193.63 | 159.8633
21 250 140.2167 166.1 | 134.12
282.6 293.4 205.8
24 400 189.7067 | 168.13 | 328.13
187.5 164.2 106.4
27 250 376 | 40797 42,6
12 100 60 35 35
STEPS
20 100 55 65 75
Zanko
S.Market 51 59 77
33 100
HV Length(m) 2900
LV Length(m) 4835
r (ACSR120/20)= 0.23740hm/km 20C
r (AAC95)= 0.30850hm/km 20C
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Molecular formula C8H20Pb

Molar mass 323.44 g mol—1
Appearance Colorless liquid
Density 1.653 g cm-3

Melting point —136 °C, 137 K, -213
E

Boiling point 84-85 °C, 357-358 K,

183-185 °F (15 mmHg)
Hazards EU classification T+ N
73 °C
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Flash point
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Abstract

Glass-fibre reinforced concrete (GRC) is a material made of a cementatious matrix composed of
cement, sand, water and admixtures, in which short length glass fibres are dispersed. It has been

widely used in the construction industry for non-structural elements, like fagade panels, pip-
ing and channels. GRC offers many advantages, such as being lightweight, fire resistant,

good appearance and strength.

Various applications of GFRC shown in the study, the experimental test results, techno-

economic comparison with other types, as well as the financial calculations pr e -
sented, indicate the tremendous potential of GFRC as an alternative construction material. Glass
fibre is used in a variety or large number of fields. Presently it is used widely in the field of
engineering particularly in the field of civil engineering which includes building concrete
wall, sewerage pipe, stairs, interior and exterior decoration of buildings, etc. It is used to a great
degree for covering interior and exterior walls of buildings.
The present study attempts at collecting data related to the use of GRC in various applications
such as building, roads and bridges, and to explore the techno-commercial aspects.

* This article has been published in “ AES-ATEMA’ 2011International Conference Advances and

Trends in Engineering Materials and their Applications”.
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1 Introduction

Glass Fiber Reinforced Concrete (GFRC) or (GRC) is a type of fiber reinforced concrete. Glass
fiber concretes are mainly used in exterior building facade panels and as architectural precast
concrete. This material is very good in making shapes on the exterior surface of any building,
also possible to carry out work on internal surface, all as per client/architect requirement.
GFRC is a form of concrete that uses fine sand, cement, polymer (usually an acrylic polymer),
water, other admixtures and alkali-resistant glass fibers. Mix designs are developed by ex-
perience and actual trials, confirmed by test results.

Glass fibre reinforced cementitious composites have been developed mainly for the production of
thin sheet components, with a paste or mortar matrix, and~5% fibre content. Other applications
have been considered, either by making reinforcing bars with continuous glass fibres joined
together and impregnated with plastics, or by making similar short, rigid units, impregnated
with epoxy, to be dispersed in the concrete during mixing.

Glass fibres are produced in a process in which molten glass is drawn in the form of fila-
ments, through the bottom of a heated platinum tank or bushing. Usually, 204  filaments are
drawn simultaneously and they solidify while cooling outside the heated tank; they are then
collected on a drum into a strand consisting of the 204 filaments. Prior to winding, the filaments
are coated with a sizing which protects the filaments against weather and abrasion effects, as
well as binding them together in the strand [2].

2- Finding from Literature review

There are some points figured out from above review:
* Glass fibres lose a proportion of their pristine

strength when placed in a Portland cement environment. AR fibres have a superior performance to
other types, and are likely to retain long term tensile strengths of about

1000-1200 N/mm?2 at ambient temperatures in a cement environment [4].

* This includes not only an assessment of fibre

content and matrix strength, but also such details as fibre distribution, orientation, and effective-
ness of bonding. Possible manufacturing or materials faults can also be diagnosed. Also it shows
that the MOR and LOP in drying condition test have higher result than wet condition around
(1-5) MN/m?2 difference [9].

* The main difference between dewatered and non-dewatered GRC is the difference in density
which has two effects. Firstly although the fibre content by weight is the same, the higher
density of the dewatered board gives a higher fibre volume fraction giving higher strengths.
Secondly the dewatered board has better compaction and reduced porosity giving better fibre/ma-
trix bond strength [6].

* Cement, when reinforced with glass fibre,

produces precast elements much thinner— typically 10 mm—than would be possible with  tra-
ditional steel-reinforced precast concrete, where 30mm or more concrete cover to the steel
is essential as protection against corrosion. Thinner sections are also made possible by the low
water: cement ratio of the material, the lack of coarse aggregate, and its low permeability. As
a result, panels of equal strength and function of precast concrete can be produced with thinner




sections and therefore less weight [1].

» Special methods have been suggested to

reduce the sensitivity to poor and non

uniform water curing. The addition of polymer latex has been reported to be effective
in eliminating the adverse effects of lack of water curing. It has been suggested that for
AR-GRC, the addition of 5% polymer solids by volume, without any moist curing, may
replace the recommended practice of seven days curing in a composite without the polymer [10].
* The tests conducted on GFRC in laboratory

have shown good resistance for fire, since the major use of GFRC is for architectural building
panels. In these buildings, fire resistance becomes an important factor in design [7].

* When cement, mortar or concrete is splashed or otherwise brought into contact with window
glass, etching occurs. This is because the alkali in cement attacks some of the silicates that
are used in glass manufacture. The stock used in making glass fibres has better alkali resist-
ance than window glass because zirconia is used as one of the constituents [5].

* Tests on telecommunication towers by using

GRC with carbon fibre and/or stainless steel bars have shown that GRC can be used as structural
material, with reduced weight and has good durability properties. According to the results of the
tests performed in small specimens the average values of the main material properties are: com-
pression strength: 41 MPa, tension strength: 3.7

MPa; initial Young modulus: 16.5 GPa [3].

* The mixes with 1.5% volume of fibres give optimum composite properties in terms of compres-
sive strength with 25.39% strength improvement. The highest increase in split tensile strength was
observed in mixes with

1.5% of volumes of fibres and found to be

5.76% higher strength than reference concrete. Similarly, the highest flexural strength is ob-
served in mixes with 1.5% of volume of fibre and found to be 72.5% more than reference
concrete [8].

3 Objectives of the study

1. Understand the various applications involving GRC.

2. Compare GRC with alternatives such as stone, aluminum, wood, glass, steel, marble and
granite on technical aspects.

3. Identify few commercial companies involved in the use of GRC, study their processes and
obtain their feedback on the use of GRC.

4. Study financial aspects in order to build up the factory including aspects of investment, back
up, fixed cost and others and to determine the return on investment.

4 Methodology of the study

In order to achieve the objectives set, data was collected from the factory manufacturing GRC
and from the field practices being followed in the building construction. Data has been col-
lected from different project sites which are at different locations.

The data is collected from the following companies:

"1 Yogi GRC products Pvt. Ltd., Mumbai

"1 Grasim Industries Ltd.-GRC division,Gujrat.

"I Durocrete Laboratory, Pune.
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71 J. Kumar Infraproject Company, Pune

"1 Some project sites like, Della Tower, Sharad Pawar International school, Holakar Bridge...etc.
Data collected is to make a comparison between GRC with other cladding materials with respect

to costs, quality and techniques.
This data is presented in tables 1 and 2. The comparison is shown in table 3.

Table (1). GRC raw material cost

Table (2). Data obtained from Yogi Company with respect to year 2010

Glass Wood Aluminum Stone GRC Property
Uniform Un Uniform Uniform Un Uniform Color
Uniform
Limited No choice Limited Limited Wide range Color
choice
Non Non Consistent Non Consistent Quality
Consiste Consistent Consistent
nt
Uniform Non- Uniform Non- Uniform Thickness
Uniform Uniform
Limited Limited Limited Limited Available Shape
shapes shapes shapes shapes in any
shape
Limited Limited size Limited Limited Available Sizes
size size size in any size
2.5 t/m3 0.4 to 0.7 2.5 t/m3 22t025 1.8to2.0 Dry Bulk
t/m3 t/m3 t/m3 density

*sq.ft: it is meaning square feet.
** Rs.: It is meaning Indian Rupees, according to date 1/1/2010 (1 USD=47 Rs.).




Table (3). Comparison of properties of GRC with other cladding materials

From table (3) it is evident that GRC is a better material compared to others on account of color
uniformity and wide range of color possibility, consistent quality, freedom to gain for dif-
ferent shapes and sizes coupled with low density (light weight material).

Manufacturing of GFRC:

The process of manufacturing starts by making patterns from clay or Plaster Of Paris (POP)
and then making moulds from wood, fibre plastic reinforcement or rubber. Rubbers are poly-
urethane based.

Mixing Process:

After starting the process, three buckets of water and three big mugs of SBR admixture are mixed
for 30-45 sec. Then one bag of cement (grade 53) and one bag of silica sand (BS Mesh no. 40- no.
200) after that all are put and materials are mixed together up to 2 minutes. Bucket is then
transported to pump spray station and bucket contents are poured on the rotors inside. From
pump spray station mix through tubes (comp air category) goes to outer nozzle of spray gun. By
compressed air, slurry gets sprayed on moulds please note glass fibre and slurry gets mixed
outside chopper gun (not inside) thus avoiding clogging problems.

Manufacture by hand spray:

In this method a mould is prepared and wetted by grease, when the mould is completely ready,
the first layer is made by putting the slurry cement/ sand without glass fibre up to 5 mm thick-
ness. After that, the second layer is made by attaching roving glass fibre to the spray gun.
Rovings are cut in lengths 12 mm for premix operation and 25 mm for spray operation by chop-
per gun. Gun has plastic rotors which has cutting blades stuck on periphery. When roving pass
through gun, by air pressure rotors operate and roving are cut due to blade contact. This
coater layer is known as mist coat, which also has thickness around Smm. The concrete is then
trowelled so as to remove the entrained air. For large heights or depth, thermocole is added in order
to reduce the weight and also to save on the material cost.

The third layer is made by spraying slurry with glass fibre, compacting it and smoothen-
ing. Demoulding is done after 24 hours and curing is carried out for seven days.




The preparation of mould is shown in figurel.
for setting up a GRC plant. It also shows the returns expected from the plant. The time frame con-

sidered is 3years.
FRP Mould

Table (4) Return on Investment for GFRC factory
Figurel. Mould preparation using FRP at the factory.
Table 4 shows the fixed and variable costs incurred
e
Year Investment

Plant Capacity utilization

Tonnage

Sales in Sq.It

Salcs pricc poer Sq.ft

Gross amount—(_(Sales >
Sales Price) Rs. per Sqg.ft.

Variable Cost per Sq. ft.

Raw material cost

Power charges

Marketling expenses

Freight

Production support cost

Bought out items (bolt.,

screw, others...e7rc)

Total variable cost

Contribution (sales price per

sq.ft-total variablc cost)

Fixed expenses

Stores and Spaces

Salary Stafft

Salary I.abour

Miscellaneous Hxpenses

Power Demand Cost

Unforeseen Cost

Total Fixed Cost

Net Receipt before
(contribution-total fixed
cost)

Return on Investment(sales

in sq.ft X net receipt before)

Percentage of invest.—Return

on investment/project cost




5 Assumptions and Discussion

(1) 10% increase in Raw Material Price and Salaries Every Year, (2) 5% Increase in Sales Price
Every Year, (3) Please note cost reduction in staft and labour cost due to increase in produc-
tivity in year II and year III, please refer plant capacity utilization figures. Production increases
with almost same manpower, (4) In India backward area benefits are available, they will add
to return on investment. Normally total 25% cost of machinery is returned to investor in first and
second year (i.e 12.5% each year), (5) During initial first year operation in India, lot of
miscellaneous expenses are  involved. Registration costs, government approvals pollu-
tion department clearance etc., all machinery to be purchased initially. All staff salary from day
one. With only 8.33% capacity utilization, return on investment is negative in the 1st year
but with increased plant capacity utilization the returns on investment are very high as seen
from table 4, especially for 100% capacity utilization. Even for

66.67% utilization the 21.6% ROI is significant. Strategy to overcome weakness and threats:

"1 To reduce dependence on imported rubber, aim will be to go far maximum fibreglass moulds
instead of rubber.

1 To go for cheaper source of alkali resistant glass fibre

"1 While marketing product will convince client to compare high cost with total benefits like r -
duced cost of structural steel, benefits of going in for one agency, benefits due to reduction in
job completion time, reduced long term maintenance cost...etc.

1 To push for market acceptance by going in for exhibitions, advertisements. Newsletters,
publication of case studies...etc.

"] To formulate product and raw material Indian standards on manufacturing, code of practice
to control on ‘fly by night’ operators and raw material quality.

GRC as a cladding material:

' Important points to be observed for GFRC to use in cladding of buildings are explained b -
low:

"] The materials have a good resistance for tension. That is the reason why Glass fibre is ch -
sen as reinforcement for concrete. Right now, is used mostly for cladding buildings, lining,
sewer pipe, shoulder of roads and etc...

Tl Compatibility of glass fibre with concrete or mortar helps to use it easily in day to day project,
especially for facade of buildings, as AR-glass fibre have good resistance to alkalinity that con-
tains in cement (pH >12.3) with high level.

"1 AR-glass fibre can control shrinkage cracks easily; it shows this property particularly in cla -
ding purpose or rendering. Because of the most important thing in GRC which is water: cement
ratio, a maximum of 0.35, which helps to control the shrinkage and bonding each other by glass
fibre.

"1 GRC can be used as alternative material of natural stone, especially in those countries where
stone is less or unavailable. Also for those countries that favour stone only, the cost is higher, but
because of less maintenance one can return back this money.

"] Changing GRC panel is very easy ascompared to other cladding because of ma -
ing GRC panels and just installing them on the site. Also if broken, one panel can be repaired or
removed and a new one can be put, but if stone or tile is broken, it is not easy to change.

"I This material is eco-friendly material because it consumes less energy during production; one
can use to control pollution and carbon dioxide which is dangerous to human life.

1 GRC is a new growing industry in India, customer awareness is increasing and more
projects have GFRC components.




] GFRC industry in India can be started anywhere. Existing manufactures do not have
their units in city industrial areas.

6 Conclusions

The variety of applications shown in this study, comparison of GFRC with other competing ma-
terials and the economic aspects deliberated in this study, clearly indicate that GFRC is a very
promising alternate material. Use of GFRC as a construction material is therefore strongly
advocated.
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