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THE GREENHOUSE EFFECT

Intra-rad haat anargy from

Visibla anargy from the sun the ground is partly
passes through the glass refllecled by the glass, and
and haats tha ground some is trapped inside the
greenhouse
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Looking in to the Design and Construction of Roads and associated Routes which might have been!
overlooked , Also Highlighting the related Traffic Rules & Regulations that should be implemented as
appropriate .

Roads can be divided into Two main categories according to the driving speed Limits ;
First , those of Express pathways ( Speedy ) of high speed in town or outer highways leading to other
towns , and Second , those of Slower driving speed limits of max. £+ km/hr within the urban areas .

Also, can be classified as Single carriageway ( One lane & Two La. ) e.g. most of the in town roads &

streets , and as Dual carriageway ( One Lane , Two Lanes and over ) e.g. Maliqg Mahmood Circle . see
figure ( V) ).

Figure ( 1 ), Typical example of Single & Dual earriageway

(c.m_use prax. Specel )

:P_“'dlmz-

st

17 lane -

( Slowest Speea’”
Loineidt ) -

I've chosen to elaborate on the topics with some illustrated examples with notes to simplify the
understanding where necessary, also giving suggestions & recommendations where appropriate for
improvement.

Topics covered in this issue are :

Road Sideways
Road Slipways
U- Turns
Roundabouts
Zebra crossings
School Children's Crossings
Road Parking ( Parking Restrictions )
Miscellaneous topics :
Box junction
Road Marks
Slow Down Sign Posts
Road Works

Road Sideways ;

E
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Driving through all city town roads and streets , drivers should be aware of Priority to which side is
given to continue , means Give way , here it is a good idea to indicate the Exits from Side way into the
main road by marking in two different broken lines , and a Stop sign post or Give way sign post is put
just before the exit , to show the Priority for driving ,
see figure (Y ).

Figure ( 2 ), Road Sideways .

Double broken lines at the
Exit, indicating Priority is
for Vehicles on the main Rd.

Give way Sign post
Means Stop and wait
Until main Rd is clear to
Make your move .

Road Slipways ;

These sort of routs are mostly seen on the speedy ( express ) roads such as the Malig Mahmood Circle
( Known as " Shastee " ) , as it stands now , the slip ways constructed are very dangerous on both
counts , at the Exit and at the Joining ; no were on the Circle is designed for both Exit & Joining to
exist at the same place , but separated through the construction of the pavements. This in turni
encourages the occurrence of incidences through the usage , because Vehicles driving through the
Circle are speedy ( say diving at around £+ to A+ Km/hr ) which implies the difficulty of slowing
down suddenly in a matter of a few seconds for drivers intending to slip away ( to exit ) home need:
to slow down to around © Km/hr or even less . The same is true the other way round , i.e. drivers
trying to join in ( getting on to the Circle ) , forcing the ongoing traffic suddenly to slow down to

stopping speeds or absolutely stop for their sake , which again causes a lot of ill practice , see figure
).

Figure { 3 ) . Road Slipways
On Malig Mahmaood Circle
Asoan example .
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Recommendations ;
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Make both turning ( Slip away or Re-joining ) at the same point with a wider space allowing a
comfortable turning of Two lanes for each purpose .
Also , put a Sign post of ( Get in Lane ) to indicate to drivers to leave the first lane for turning vehicles
in advance .

U-Turns ;

The best type of U-Turn designed is to allow both sides of the traffic ( Flow & Contra flow ) to make
their U-Turn at the same junction or point without effecting the ongoing traffic either sides . Here the
turning point needs to have at least a Y,© m radius and at least ¥+ m length for ease of operation , and!
to divert the ongoing traffic lane away from turning vehicles 1i.e. to make it easier for drivers to
make their u-turn as quickly as possible without incidence of accidences . see figure ( fa ).

Figure (4a ), A typical Safe U- Turn

The wrong type of U-turn which as an example can be seen alongside the Parkee —Azadee Road North
, where Shireen Secondary School is , is seen in figure ( ¢b ), which Firstly , attracts drivers to
suddenly jump over each other in a short time and short distance in a very inappropriate manof
encouraging the increase of risk of unsafe practice . Secondly , forcing the ongoing traffic either side
of the u-turn to either slow down all over suddenly or to come to complete halt to allow a safe turnover
for the turning vehicles either sides .

Figure (4 b ), A typical Unsafe U- Turn.
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The U-Turns in existence so far are mostly of the wrong type , though the fore mentioned types are inl
existence as well somehow. Examples ; those on many places on the Maliqg Mahmood Circle on both
driving directions ( Clockwise and Anti Clock wise ) at some distance from each other . On some of
the dual carriageways in the town city , and also on the Sulaymany - Dukan main road ( High way ) .

It is re commended to demolish those inappropriate types of U-Turns and rebuild with the new types
for the safety and the smooth flow of traffic .

Also, at a distance well ahead , indicate whether it is suitable for HGVs ( Heavy Goods Vehicles ) ,
Lorries and Coaches to make a U turn at that point , or otherwise go to the appropriate places made
especially for that turning .

Sudden narrowing down of three lanes to one in about a distance of Y+ meter is just where accidents
take place , this is currently happening at a point close to Peshasazy petrol station on Malig Mahmood
Circle clock wise North Eastern Quarter .

Roundabouts ;
So far , drivers in our region have no idea as to how to enter and exit roundabouts of small or big sizes

The Rules are to give priority ( give way ) to turning vehicles already in , from your left hand side ,
you can move in ( Enter ) once your left side is clear or have enough time to join in without causing
them any interruption . Drivers whom are already in, shouldn't stop for others whom wont to join in at
the entering points, which to date our drivers are wrongly accustomed to .

Evidently , A better and smoother flow of vehicles through Roundabouts is by implementing Traffic
Lights which shall take over the control of movements to a safer level , reducing or eliminating
incidences of accidents . Examples the Big Roundabout just outside of Sulaymany on the direction to
Arbat , which is a main junction connecting Sulaymany to Arbat and Qaradg Roads .

Here it is important to point out how Entering & Exiting a roundabout is referred to ; the point where
a driver joining in is called Entering , and the point where the driver leaves the roundabout is called
Exit , whereby there may be a number of exits , the first comes across called First Exit and
subsequently the rest are referred to as Second , Third and so on . see figure ( © ).

Figure ( 5 ), Roundabout

(O mrhe
-

\ { from where ever you Enter ,
The next will be your First Exit,

And su hsequrntl_\"]yuu come
Across the rest, 2™, 3% | ete.)

( Priority is for Vehicles already in ,
you have to Stop & Give way ,
only make your maneuver when
it is absolutely clear ).

Zebra Crossing ( with Flashing Umber light ) :

E
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This type of crossing is for Pedestrian crossing , Rules stating that ; priority is for pedestrian to make
their move once they have been seen at the edge of the pavement ready to cross , drivers should slow|
down and be ready to stop for them to allow a safe crossing , another point is that other drivers in the
adjacent lanes should slow down and stop at the same time as any one driver does so , this means No
Overtaking at the Zebra Crossings at all .

We can realize that , we , in our region have this sort of crossing marked on some roads , but neither
the drivers nor the pedestrians know how best to use them particularly with reference to the priority|
rules ( Traffic Rules ) . see figure ().

Figure ( 6 ) , Zebra Crossing
( also called Pedestrian Crossing )

Rules :
| ] -

1. Priority is for Pedestrians
u loey~ 2 . over Vehicles ,
i Vehicles sh slow
(-i’ Mf }/ | ‘ ¢ ould slov
l‘ o

down and Stop .

. No overtaking within

Zc,bra! —b- this area
Cossi P:?

Z@zq@
white -+
Lines

School Children's Crossing ;

These sort of Crossings are particularly interested and are necessary for Children's Schools where the
Children are ignorant or unaware of the dangers drives imposing upon them.

Here , the Crossing needs to be marked with Zigzag lines drawn on the road ahead of both sides , say
at a distance of around Y+ meter for a distance of about )+ m, putting Children's crossing sign post at
the approach and Ramps across , plus Flashing Umber lights installed on both sides for both directions
of driving ( i.e. Flow & Contra flow ) . These are all to make drivers aware that they come closer to
approaching ) and enter an area where uncontrollable children are on loose, in order to be aware , take
precautionary measures and absolutely slow down to that speed which is already written on the Roads
& on the Sign Posts which is the appropriate speed for that area . see figure ( YV ) . To my
understanding , we do not have this sort of crossing as yet .
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Figure ( 7) , School Children's Crossing
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Road Parking ( Parking Restrictions ) ;

It is recommended to indicate by marking and putting sign posts where appropriate for Parking
Restrictions , for examples marking the roads with a solid yellow line and putting the sign post along
side of it , means parking is only allowed or disallowed between such times as indicated .

Certainly , we have no such line marks or sign posts here in our region in question . but we only have
one type of parking prohibited sign post where inappropriately spread all over the roads , and is nevern
being obeyed or paid attention to .

Here , I would like to stress on one very important point which is to mark up the pavement at the
curvatures where it changes direction either side of it until it straightening up at a distance , this is to
ease up turning at corners of the junctions . It is important to take this seriously to apply on most of the
congested streets & roads in the town . So far , this is not seen on our roads . see figure (A ) .

Figure (8), Parking Restrictions
Markings on the Corners
Indicating ( No Parking )

~om

Miscellaneous :
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Box Junctions

These have no existence in our region , he area lies within the auxiliary of a junction will be marked;
with a net of cross lines , this impression means Do Not Enter this area unless your rout ahead is clear
enough to cross over . see figure (9 )

Figure ( 9), Box Junction

Box Junction

Vehicles shouldn't move in
From any side ,unless ahead
is clear to drive pass it .

Road Marks :
( Phosphorus Colour Visible Marking for Day & Night Times )

Phosphorus Visible Lane Marking ( in White ) is a basic requirement for dividing Roads in to Lanes
alongside of the driving direction for the known speed limits and safe driving .

Phosphorus Visible Edge Marking Right edge ( in White ) and left Edge ( in Yellow ) for warnings on
getting to edge of the road either side of it .

Phosphorus Visible Marking on Slipways ( Leaving in Green as well as Red on Re- Joining ) .

Slow Down Sign posts :

These can be used to warn drivers to slow down step by step until they reach their exit or the change
on their rout , e.g. they can be put on speedy roads at a distance approaching the Exits , approaching
Works on the road , or at any other place where absolutely necessary to warn in advance of the change
of direction or speed.

Most important sign post that is not seen anywhere on our roads so far is the Slow down sign post to
indicate to drivers to slow down at a an appropriate distance to prepare for the unforeseen
circumstances lie ahead , these signs are in three parts , put at a distance of say Y:-¥+ m from each
other , or at any other distance which changes according to the speed limits on the roads in question ,

figure (V+ ).
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Figure ( 10 ), Slow down Sign posts .

e
~

Road Works :
( Highlighting a few deficient points and forwarding Suggestions to Make them right )

\. To work on one side and make way for the traffic movement on the other side .

Y. Put signs as to the nature of the works , duration for completion , and most importantly diverting the
traffic to the appropriate routes for the flow to continue, do not completely block the road for any
duration of the works .

Y. Put signs and cones where appropriate for the diversions or redirections at a good distance of sayj
around Y+ meter, e.g. T for closed end roads , so far, drivers driving through to the other ends
only to see an excavation or other obstacles on the way blocking the road , and regrettably start
stepping back to where they came from.

¢, Proper indication for restriction on parking time & duration for stay, for example say parking is Not
allowed from A:Y+ amto ..., etc. with duration of say, Y hrs to stay.

®. Road layouts and Road maintenance are very poor all over our regional areas , the use of poor
materials such as poor asphalt & poor tar mixture for road surfacing , and the employment of
unskillful teams carrying out works & repairs resulting in a poor workmanship which in turn resulting
in poor and nondurable Roads of all kinds .

1. Concrete use for road surfacing is not as good as tarmac , therefore is not a vibrant idea , because of
the slippery nature, noisy and rough surface , drivers feel surface vibrations , and finally it is not cost
efficient .
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Figure ( 11 ), Typical example of a Circular Road .

North Western
North Eastern
Clock wise

Anti Clock wise

Finally , Motor ways ( Express Highways ) are NOT in existence in our region , therefore, I
am not going to talk about them .

The following and other topics shall be discussed in the next issues of this magazine should space
allowed ;

Road and Pavement Repairs & Renovations .

Driving skills and Road conditions in Rainy & Snowy days .

Road layout and Visible Markings for Emergency Vehicles and Cycling .
The wrong Super elevation carried out on Roads leading to other towns .
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Eng. Pshtiwan N. Shakor*, Prof. S. S.
Pimplikar**, Yusuf A. S. Inamdar**¥*,

Abstract— Glass-fibre reinforced concrete (GRC) is a material made of
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 facade panels, piping and channels. GR(
offers many advantages, such as being lightweight, fire resistance, good appearance
and strength.

In this study trial tests for concrete with glass fibre and without glass fibre are
conducted to indicate the differences in compressive strength and flexural strength by
using cubes of varying sizes.

Various applications of GFRC shown in the study, the experimental test results,
techno-economic comparison with other types, as well as the financial calculations

*ML.E. Civil (MIT) College, Sulaimaniyah International Airport, Kurdistan.
**Assistant Professor, Civil Eng. Dept., MIT College, Pune.
*** Technical Head, Concrete Product Division, J.Kumar Infraprojects Ltd.
*ML.E. Civil (MIT) College, Sulaimaniyah International Airport, Kurdistan.
**Assistant Professor, Civil Eng. Dept., MIT College, Pune.
*** Technical Head, Concrete Product Division, J.Kumar Infraprojects Ltd.
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presented, indicate the tremendous potential of GFRC as an alternative construction
material.

INTRODUCTION

lass Fiber Reinforced Concrete (GFRC) or (GRC) is a type of fiber reinforceg'

concrete. Glass fiber concretes are mainly used in exterior building facade panels an
as architectural precast concrete. This material is very good in making shapes on the
front of any building and it is less dense than steel.

GFRC is a form of concrete that uses fine sand, cement, polymer (usually an acrylic
polymer), water, other admixtures and alkali-resistant (AR) glass fibers. Many mix
designs are freely available on various websites, but all share similarities in ingredient

proportions.

Glass fibre reinforced cementitious composites have been developed mainly for the
production of thin sheet components, with a paste or mortar matrix, and~°7 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
filaments, through the bottom of a heated platinum tank or bushing. Usually, Y+¢
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 Y+ ¢ 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 [Y].

Finding from Literature review
There are some points figured out from above review:

V. 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 Y+ ++-YY++ N/mmY at
ambient temperatures in a cement environment [ £].

Y. This includes not only an assessment of fibre content and matrix strength, but
also such details as fibre distribution, orientation, and effectiveness of bonding.
Possible manufacturing or materials faults can also be diagnosed. Also it shows

E
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that the MOR and LOP in drying condition test have higher result than wet
condition around (V- ¢) MN/mY difference[?].

Y. The main difference between dewatered and non-dewatered GRC 1is 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/matrix bond strength [1].
¢, Cement, when reinforced with glass fibre, produces precast elements muchl
thinner—typically )+ mm-—than would be possible with traditional steel-

reinforced precast concrete, where ¥ *mm 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 [ V].

©. 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 °7 polymer solids by volume,
without any moist curing, may replace the recommended practice of seven days
curing in a composite without the polymer [ +].
1. The tests conducted on GFRC in laboratory have shown good resistance for fire,
since the major use of GFRCs is for architectural building panels. In these
buildings, fire resistance becomes an important factor in design [V].
Y. 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 resistance than window glass because zirconia is
used as one of the constituents [°].
A. 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

E
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properties are: compression strength: ¢) MPa, tension strength: ¥,V MPa; initial
Young modulus: Y1,° GPa [Y].
4. The mixes with Y,°% volume of fibres gave optimum composite properties in|
terms of compressive strength with Y°,Y47 strength improvement. The highest
increase in split tensile strength was observed in mixes with Y,°7 of volumes of
fibres and found to be ©,Y17 higher strength than reference concrete. Similarly,
the highest flexural strength was observed in mixes with Y,°7 of volume of fibre
and found to be YY,°Z more than reference concrete [A].

Objectives of the study

In the study, the following objectives are envisaged:

1) Study the mix design aspects of the GRC.
i1) Understand the various applications involving GRC.

i11) Compare GRC with alternatives such as stone, aluminum, wood, glass, steel,
marble and granite.

iv) Perform laboratory tests that are related to compressive, tensile and flexure by
use of glass fibre in the concrete pour.

Methodology of the study

In order to achieve the objectives set, data was collected from the field practices whichi
are being followed in the building construction and from the factory manufacturing
GRC. Data has been collected from different project sites and from different locations.
The data is collected from these resources:

¢ Yogi Group
Grasim Company
Durocrete Laboratory
J. Kumar Infraproject Company
Some project sites like, Della Tower, Sharad Pawar International School, Holakar
Bridge...etc.
The type of data collected is to make comparison between GRC with other cladding
materials aspect to costs, quality and techniques.
Also an attempt to show up how much building space is required to set up the factory,
including all the initial costs and other investment costs, is made.

E
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Other type of data related to experimental work at laboratory. Some tests on concrete
with AR-Glass fibre is collected so as to gain differences between them, when using
different ratios of glass fibre.

The aim of the study is to introduce glass fibre as an important construction material,
with good resistance to alkali, good strength, high tensile and reducing shrinkage
cracks.

The data is presented as below:

TABLE ()
GRC RAW MATERIAL COST

S. No. | Materials Unit Price

\ White Cement Rs. ),2+ perKg
Y Silica Sand Rs. Y.+« perKg
v AR- Glass fibre Rs. Y1+ perKg
¢ Hardener ‘A’ Rs. 4¢ per litre

(Cemplast) Black liquid plasticizer
° (SBR-Styrene butadiene rubber) Rs. Y1+ per Kg

*Mix of Y+ + kg GRC (Typical)

TABLE () THE DATA SHOWN BELOW IS OBTAINED FROM Y OGI COMPANY WITH RESPECT TO YEAR Y ) *

Property GRC Stone | Aluminum | Glass Wood

Manufacturing | )V® T+Rs. | Y++Rs. A -

per sq.ft Rs. Rs.

Transportation | Y°Rs. | YoRs. | Y+ Rs. Y+Rs. |-

per sq.ft

Installation £+ Rs. | Yo Rs. | °°Rs. £o9Rs. | -

per sq.ft

Materials TRs. 1 Rs. Y+ Rs. Y+Rs. |-

per sq.ft

Maintenance Nil Y+ Rs. | Yo Rs. Yo Rs. -

routine

per sq.ft

Maintenance ° Rs. ° Rs. Yo Rs. YoRs. | -

periodical

per sq.ft

Total Cost YA Ve Yo Rs. Yio Yoo
Rs. Rs. Rs. Yoo

Rs.

** Rs.: It is meaning Indian Rupees, according to date Y/V/Y+ Y+ () USD= £V Rs.).

TABLE () THERE ARE DIFFERENCES TECHNICAL PROPERTIES IN GRC WITH OTHER CLADDING MATERIALS

E
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»  Yogi Project------ GRC Work------- Taj Heritage Hotel—Mumbai

A balcony for room no.YeV at hotel Taj Heritage was replaced by GRC. Original in RCC same old finish () * + years old) was achieved;
with same style. Balcony weight: A+ + Kg. Cost: cost Yo+¢v++ Rs. Duration for
replacement: ¥+ days.

GRC Stone Aluminu Wood Glass { I e s Replacement
y i m i 2 - : balcony by GRC
Color Uniform Un Uniform Un Unifor
Unifor Uniform m
: _m _ _ FIGURE M) AFTER REPLACING GRC
Color Wide Limited Limited No Limite
choice range choice d BALCONY (TAJ HERITAGE)
Quality | Consiste Non Consisten Non Non
nt Consist t Consisten | Consist
ent t ent
Thickne | Uniform Non- Uniform Non- Unifor
ss Unifor Uniform m
m
Shape Availabl | Limited | Limited Limited | Limite
einany | shapes shapes shapes d
shape shapes
Sizes Availabl | Limited Limited Limited Limite
e in any size size size d size
size
Dry \vAtO Y, Y to Vv°t/m‘” '1it0 V’D
Bulk Y, t/m*' Y,0 oY t/m"' t/m"'
density t/m¥
» Casting at JJKUMAR
Sampl % Of Compressive Average
INFRAPROJ ECTS e P Glass strength MPa compres%ive
Stimupl Dibod (o yeSsiegys stréngiinddPa
No. ¥ Glass strefdth MPa compressive
(R FibYé (N/mis#) 77 days Strehgti M Pa
| Na.% | Y, ¥Y,]% o1,V
:ﬁE? M4 ALY YY,oqy¥

ﬁ
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No. 1 Yo,00
No.t SAe, e
Name of project: Holakar Bridge, Pune. No.2 Vol SanT >A+s++ unbroken
. 0. SAv, e
Location: RMC plant, Holakar [No.: ST
. No.° \VA YV, Vi, 68
Bridge NoT W

Date of casting: YV/£/Y+ )+

Type of casting: normal concrete mixed with AR-glass fibre.
Mix proportion ratio:

W/C- +,11

Cement- ¢+ + kg/mY¥

Micro silica (Silica fume) - ¢+ kg/mY¥

Standard sand- )+ + + kg/mY

Glass fibre- V7 by weight of cement

Coarse aggregate- Nil

FIGURE (Y) CASTING CONCRETE WITH GLASS FIBRE SURROUNDS PRESTRESS STRAND CABLE
AT HOLAKAR BRIDGE

» Experimental program at J. Kumar concrete division
Table (£) Trial no. Y With Glass Fibre: +,+ Y£/ of total weight (+,) )7 of cementitious
weight) Grade of Concrete: M1+ (cubic Yo+ XYe+ X2+ cm)
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Material S.S.D. Moist | Absorp | Correcti Corrected
Mix ure tion on Mix Mix for )
For in% | in% Absorpti | m' (kg.)
‘m" on
(kg.) in (kg.)
W/C Y - - - -
Cement Ot - - - O
Fly ash As - - - A
Micro Vo - - - ve
Silica
Glass ARl - - - AR
Fibre
R. Sand A Y,o. YY, A T o1
C. Sand . .
Y mm YooY e A YY,YT . YoV
Y mm . R
Net - - - YV, e .
Weight
Water VYA - - - \ve
Admixtur V,AYY - - - Y,AYY
e
Total YOYV,.¥ - - - Yovy,.vy
Al Y

weight (¢7 of cementitious weight)
Grade of Concrete: M) » + (beam) Admixture: Y,V

Table (M) Results of test

Table (°) Results of tests

Table (1) Results of tests

Sampl % Of Flexural strength Average
e No. Glass Fibre MPa (N/mm") ¥ days | Flexural
Strength
Tabl MPa
No. ) o,A
€ (V) No. ¥ \,07 o,YA 0,00
With [Nor
No. ) £,9A
Glas No. ¥ Y, 0,01 °,\V
No. ¥ o,.Y
§ Sampl % Of Glass Flexural Strength Average
Fibre e No. Fibre MPa (N/mm") YA Flexural
days strength
: MPa
No. ¢ 0,¢1
\ g " o No.° \,07 oYV o,¢A
No.1 0,1
% of No.¢ 0,9
No.° X,/ 1,6 1,0
total | o= —

Sample No. % Of Glass Flexural Average flexural
Fibre strength MPa strength MPa
(N/mm")
YAdays
AR Sam Y,
ple )
Mater | S.S.D | Moistur | Absorption | Correction Corrected
ial . e in % Mix Mix for )
Mix in % Absorption | m" (kg.)
For in (kg.)
Ym
(kg
w/C AN - - - -
Ceme £ - - - £
Fly Yoo - - - Yoo
Micr £ - - - £
0
Glass 1 - - - 1
R. VEA VEA
Y. LEA V¥ 0,AY¢ £4Y
Y. Ve V¥ ANVTY 110
Net - - - V€,0A1 .
Wate Ve - - - Yoo
Admi | ot - - - o,
Total Yool - - - Yool
Y. Sam V¥
ple ¥
Y. Sam LA
ple ) VA 1,VvY
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» Summary of the test results

There are some points, which can be concluded from the test results:

V) Using glass fibre in conventional concrete has a limit by percentage to weight. The
best amount to use is Y,/ of cement weight because good results are obtained as
compared to other amounts of use.

Y) According to this result, increasing weight of glass fibre in normal concrete affects
the cohesiveness between the particle of concrete and this results in degrading of;
compressive strength, flexural and tensile strength.

¥) For (M1+) mix, a percentage of glass fibre of Y/ gave a flexural strength of (1,)°
MPa).

¢) Glass fibre does not effect on high performance concrete, if it especially contains big
gradation of coarse concrete because it leaves more porosity and spaces between the
particles and allows air to move between. One should try without coarse aggregate
or only by using ) * mm coarse aggregate by using good condition of compaction to
flow out air entraining.

©) One should take care of glass fibre during mixing with concrete. It should be not
allowed to mix more than ) minute, otherwise it will be break to tiny pieces, and it
cannot be worked with.

1) For (M) +), there is no effect on compressive strength but in flexural strength by
using ¢ %( of cement weight) of glass fibre it increases by *,+VZ,

» GRC as a cladding material

Some important points of GFRC for using in cladding of buildings are indicated as

follows:

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

Y) Compatibility of glass fibre with concrete or mortar helps us to use it easily in oun
daily project especially for facade of buildings, as we said AR-glass fibre that have
good resistance to alkalinity that contains in cement (pH > ' Y,Y) with high level.

¥) AR-glass fibre can control shrinkage cracks easily; it shows this property
particularly in cladding purpose or rendering. Because of most important thing in
GRC it is water: cement ratio maximum *,Y°, which helps to control the shrinkage
and bonding each other by glass fibre.

¢) 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.

E
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©) Changing GRC panel is very easy as compared to other cladding because of making
GRC by panel and just installing 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.

1) 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.

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

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

1) As of today GFRC cladding to building surface has emerged as main application onw
account of reasons as below;
*Alternative cladding materials like glass, aluminium have not performed well ini
Indian climate leading to leakages, warp pages, panels falling...etc.
*Granite, marble and PCC (Precast Cement Concrete) panels are very heavy
compared to GFRC panels leading to site handling problems; there are major
procurement problems with granite and marble.
*With GRC claddings building heat losses are minimum compared to aluminium|
and glass cladding. Civil aviation authorities have already taken decision to go for
GRC claddings on their airport buildings.
*Facility to provide, indicate shapes, curves and profiles.
*One can impart any finish like stone, heritage, acid wash, flame hardened...etc on
GRC panels which is not possible in other materials.
*GFRC manufacturers work on turnkey basis from concept to installation, where as
for other materials one needs more than one agency.
*Suitability in earthquake prone areas.
*By adding suitable additives, GRC panels can be made ‘Green’ which is not easily
possible with other materials.
» Result and conclusion of glass fibre use in normal concrete

Depending on the tests results which are obtained, the following observations are made:

V) Glass fibre helps concrete to increase compressive strength until indicated limit. A
limit exists to a particular percentage from glass fibre mixed with concrete because
increasing it affects on the bond of materials as is seen in the result. For Y,°7 of
cementitous weight gained best results are obtained as compared to other results.

Y) Air entrainment affects the ft/fc (tensile strength to compressive strength) ratio
because the presence of air lowers the compressive strength of concrete more than
the tensile strength particularly in the case of rich and strong mixes. The influences
of in complete compaction is similar to that of entrained air or may be broken of
fibre reasons to could not get good result of flexural and compressive strength.

¥) By using Y+ mm of coarse aggregate more air entraining is increased in the concrete:
use of only )+ mm coarse aggregate to solve problem of reduced flexural strength is
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VY

advocated.
REFERENCES
Alan J. Brookes, “Cladding of Buildings”, Third Edition Published Y« Y, (pp
AY).
Armon Bentur and Sidney Mindess, “Fibre Reinforced Cementitious

Composites”, Second Edition Y+ +V, Chapter A, (pp YVA).
J.G. Ferreira, F.A. Branco Y-+°, “Structural application of GRC in|
telecommunication towers”, Construction and Building Materials Journal,
Published August Y+ 2,

Majumdar, A.J. (Y4V¢), “The role of the interface in glass fibre reinforced
cement”, Building Research Establishment, Published Y4V¢, Current Paper (cp
ov.VE),

M. Levitt Y3V “Concrete materials problems and solutions”, “GRC and Alkali-
Glass reaction”, First Edition Y34V, (pp YY-Y¥¢),

M.W. Fordyce and R.G. Wodehouse, “GRC and buildings”, Published First
Edition Y3AY,

Perumelsamy N. Balaguru and Surendra P. Shah, “Fibre reinforced cement
composites”, February Y34Y, Chapter 'Y, (pp ¥°)).

Dr. P. Perumal and Dr. J. Maheswaran, “Behavioural study on the effect of AR-
Glass Fibre reinforced concrete”, NBW & CW October Y« +1, (pp YVE-VAL),

R N. Swamy, “Testing and Test Methods of Fibre Cement Composites”,
Published YAVA, (pp £€Y-£Y).

Surendra P. Shah, James 1. Daniel, Darmawan Ludirdja, “Toughness of Glass
Fiber reinforced concrete panels subjected to accelerated aging”, PCI Journal,
September-October YAV, (pp AT-AA),

U. M. Ghare, “Manufacture of Glass Fibre Reinforced Concrete Products”, Unit
V, Division of YOGI group-UAE, August Y« +A,




ey ot ek

d g Fetsdiod Jltdd olaisld 099938 Syl ABABYY) , (kusygS (o y)IIA) (S Ay (ILSALY g Ty SelLuniS
9904md § 0993 S JidSimtt Jlumd91d S (50303 Ayl IuIAD G St (S0 9Amd 35yt ymtsd o 1S 9395305
Joded GIA) (YoNe/A /Y0 L0g Yore /V/\ ) ded S pemiagiod dedlpledIAd) gl L3 09055 A . Akl (il A2 0

1094091 S

— [ [ e

S Gl ulylh

e Ml 58 il

ahe derme A 75k

Wl b gl D o2 Lo (el g 903 (098 M (ladpd 9w (u 5316
o> (> o oo o bl §lydelS o | Jlaz e | ol (i
O dall s W30 90 Jindgp03 Qg3 &) (kd ]yl g hae el dhetza Ol dd a2
Gleuss Jhez NS @i ) pdd e 505 §SLO €08 ghid lewss
e dtss ylaydu > o 3l s Gvie K9l apans lal Joks

o | e ks L e ylaydu Ao | dwde Byl | e ket QgL
S Gy Jole Mgz dema phaz el > e | daea el deda (ohe LilgS
hane Sibgo Ly il e 3yg0 o ALETS Gladgd hee 6 oS Syl
29 Tllia dod2 g e Jlez 5L 2 Mt (5l s le Ll
it dad iy dad2 153 Oba) 39ama 9y 340 (oS dane b apee O3gu
! ol 59 agane @l il e 78 bgdd $383 agent 315yl
e dhoe o pid o pli e > gl Al 8 (> oy e dltfisg D
wlg Bl 5k disbau! s Ll §lydels e | i ydi 5 3 oy o7 algw
e s g g0 limtlubis July e 68 e il e (92 YL
e 559 LG &SIkt 5900 59L0

S| o0 dgarme LDAD




s 90

S pda a0y 5 gudy) (seSian)s

S (SISl pda s o g a5 Oels 9 S gtSgudan UL Sgss (sah B3 AL @
s S §hy0 oy (SISASILutass o s o 4 & yilesaly g Erudd (o3 9 Ol (3 (K3 ,0 94093 4iison
5 (PS8 0 9d g3 gg0da 4 644l ,Soublaa
Sl (o (oS50 54593 ATh00 1uSudd sy (5 51SHy e (Sarogiaylsn o 9 AiS diuos ,(Saulyl (2 53,e
(iS04 <k g 05aSIuS 5 (92 Bas (SISl 5 (S gading U He0 5 GLIAIS (o1 9 LU (o
(208 Gy g )l g JM g eudd s syt 90908  OLS 32
2304 Shediiion (G453 94SBly 5 45 gaS) g9 alen ogallitals g oL Gl s (K550 54 5s 4t 550
(3P ASI g8 9 5k BIS 9 jeele 9 gk
(Pa (2 GIaKIae3S 5 09aThbel 3oy (FaBire (Saable gad OIS (Suss (s B3 dadisas
SIOLSE gua g QLA 5 53 paSily 5 adia 4 5999 gsapm g g9 (SaaeflianyS il (ISaSE (5ol
Iy 5,909 (55150 5,95 g4Siy Basi lhewy L g aSJaa3S 4 @ (0 )Ss ladias B3 554l Iuld (g guds)y
pod e (S5 (590, 953948190 5 g HLAS 5 500 (SepaSianS aiiso
3 69085 PlpaSea d Jlw VA glgu g lurwl S gass g 915U gl (Slws 98 (AJugl sliws o o
33 0paiiion 5 S34n (50,58 (SYauwos o) )5 IBhe o (LU0 pall,y SUL U Gl V (gl
3 OIS (505480, Sudl s 43 09) g9 3 0 9etiais 4K Ornuwl S gans g ke (589098) S gdiod g ol 99
I OL3g0sly 5 (B 9 OLBaSBES 9 oS 5 Oluugiealihyy < 093 ,S gg—wgla 9 Doy 5 ddio,4d
pod i 3 L K0l 5 ISaalifyy ad Gluuils (ga—diogan 9 (upSa—sl il L S 480 st
Sl GlsL sl
Il g (uwl S g (podianiius jtands §3,SBo0sS 5 09431 paSIan 33 (SUw )3 (S liojdn 5l gl5an pds
(St gt ((Saada)d 9 (hod 5 Ol o dao gl g )aSdily 5 Gaodoulen a3l 5 054 4 Olgeds il VA as
(b 5 S SIS (50,9453,S g 9uin) 90,d BB IKI4A | fusil j9Sans g (915U gLing 4 (leasale
3 AT Sy 5 pLikAIS (Bl (D830 g Alad gihasdw (gobue 5 WL pedddd 5ly 90
9 S, 9 (5ol 5 Odwbiwdd OBV g 6541)S g Glgaa g o)dm Jim A 850 ,dTdaisunds
SBE @ 15319,
3 OLSes (BLigs g aSan gl 4 (RaSals oA L) (S OIISIAs pds (59,58 (STawos 433,40
R0 (5590999 9 JU e (Bl aiios 1uadga)ds pdd (YL 4 Gladd g ety sl VA (Sladaaly
SRS, 5 QS g Sl pdSdy (uddn;0)0) S¥Awes LgdS Il B3S Al 4B SLE Olasd 00
B gaSEis 5 05930l 308 4ms 5 (5 948 phmiw 9 894l (S90)m  HISO)IgRamcnl S pana 5 Iy (KaaSy
(5090 Suwid yd 9 a3 BIS 9,30 30 L B sdaan 5 II5LS 5y ans 32 (sl Cddon assjan o gaiagon
ool (5,83 Sy

ﬁ







	Binder1
	33 pdf


