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About College

NEW HORIZON COLLEGE OF ENGINEERING IS AN AUTONOMOUS COLLEGE AFFILIATED TO VISVESVARAYA
TECHNOLOGICAL UNIVERSITY(VTU), APPROVED BY THE ALL INDIA COUNCIL FOR TECHNICAL
EDUCATION(AICTE) &amp; UNIVERSITY GRANTS COMMISSION(UGC). IT IS ACCREDITED BY NAAC WITH 'A’
GRADE. THE DEPARTMENTS OF COMPUTER SCIENCE, ELECTRONICS &amp; COMMUNICATION, MECHANICAL,
CIVIL,AND BIOTECHNOLOGY HAVE BEEN ACCREDITED BY THE NATIONAL BOARD OF ACCREDITATION(NBA). IT
IS AN ISO 9001:2008 CERTIFIED INSTITUTION. NEW HORIZON COLLEGE OF ENGINEERING IS LOCATED IN THE
HEART OF THE IT CAPITAL OF INDIA,BANGALORE. THE COLLEGE CAMPUS IS SITUATED IN THE IT CORRIDOR OF
BANGALORE SURROUNDED BY MNCS AND IT GIANTS SUCH AS INTEL, ACCENTURE, CAPE GEMINI,
ARM,SYMPHONY, WIPRO, NOKIA, JP MORGAN AND CISCO TO NAME A FEW. NHCE HAS A SCENIC AND SERENE
CAMPUS THAT PROVIDES AN ENVIRONMENT WHICH IS CONDUCIVE FOR PERSONAL AND INTELLECTUAL
GROWTH. THE INFRASTRUCTURE ACTS AS A FACILITATOR FOR THE EFFECTIVE DELIVERY OF THE
CURRICULUM. NHCE BOASTS OF STATE &ndash; OF - THE - ART FACILITIES FOR ITS STUDENTS. THEY ARE GIVEN
UTMOST ENCOURAGEMENT IN THEIR AREAS OF INTEREST BY PROVIDING HI-TECH FACILITIES BACKED BY
FACULTY SUPPORT. THE INSTITUTE PLACES HIGHEST PRIORITY ON INNOVATIVE PROGRAMS OF INSTRUCTIONS
THAT INCLUDE BOTH TRADITIONAL CLASS ROOM THEORY AND PROFESSIONAL SKILLS TRAINING. THERE IS A
STRONG IMPETUS ON OVERALL

About Conference

International Conference on Innovative Research in Engineering, Management and
Sciences is a global event organized by New Horizon College of Engineering, Bangalore.
This conference provides an international forum for Researchers, Developers, Engineers
and Practitioners who are involved in real time projects that provides solutions to
exchange thier valuable ideas and showcase the ongoing works which may lead to path
breaking foundation of the futuristic Engineering. It accentuates indispensability of
interdisciplinary and cross-linked thinking with respect of innovation and market
opportunities. All the accepted paper willl be published International Journal with ISSN
Conference proceeding All the accepted papers will be published in the proceedings of

international conference and in associated international journal with ISSN.



1 NEW HORIZON sQ

COLLEGE OF ENGINEERING CSEIT

Objectives

The objective of the conference is to help the participants understand ,learn and

appreciate, explore the new advances in Science Engineering and Technology.

About Conference
1. To focus upon advances/innovations and emerging trends in the above said fields.
2. To present an experience the upcoming and exotic trends in the field of Science,
Engineering, Management and Sciences

3. To disseminate expert knowledge to research scholars and student community.
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ABSTRACT

Polymeric materials reinforced with synthetic fibres such as glass, carbon and aramid exhibit high stiffness

and strength to weight ratio as compared to conventional materials like metals. The potential of using natural

fibres as reinforcements in Polymer Matrix Composites (PMC) to replace conventional synthetic fibres in

structural applications has been in focus in the recent times. Synthetic fibres are not biodegradable and the

manufacturing of synthetic fibres releases harmful emissions to the atmosphere. In the present work PMC

with banana fibres as reinforcement in epoxy resin as the matrix and mango fibres as additives has been

studied. The specimens are fabricated using the hand lay- up process with different orientation to test the

mechanical properties.

Keywords : Fibre reinforced composite, mechanical properties, banana fibre, biodegradable, hand layup

I. INTRODUCTION

Natural Fibre Composites:

Fibre Reinforced Composites (FRC) has an immense
scope in various industries. Automobile industry is
also dependent on FRC for many parts and body
panel. The synthetic fibres like glass, aramid etc., are
not biodegradable and also the production process is
not environmental friendly process. Therefore many
researchers have studied the possibility of using
natural fibres like jute, kenaf, hemp etc. to replace
the synthetic fibers. The natural fibres are easily
available and cost effective. Also they have low
density and satisfactory mechanical properties which
make them an attractive ecological alternative to
man-made fibers used for the manufacturing of

composites.
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e Natural fibers can be categorized as:
e Animal Fibre
e Mineral Fibre

e Plant Fibre

Plant fibers generally include examples like cotton,
jute, flax, ramie, sisal and hemp etc, which are made
up of cellulose and are mainly used in the
manufacture of paper and cloth. This can be further

categorizes as,

e Seed fiber: The fibers that are collected from the
seed and seed case, e.g. cotton and kapok.

e Leaf fiber: The fibers that are collected from the
leaves e.g. sisal and agave.

e Skin fiber: The fibers that are collected from the

skin or the stem of their respective plant.

Plant fibers exhibit high tensile strength as compared

to other fibers due to which these fibers are used for
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applications such as durable yarn, fabric, packaging
etc. Example: flax, jute, banana, hemp, and soybean.
Fruit fiber: The fibres that are collected from the

fruit of the plant, e.g. coconut (coir) fiber.

Stalk fiber: The fibres that are actually collected from
the stalks. Example: Straws of wheat, rice, barley,
bamboo and grass. The natural fibers can be with
thermosetting as well as thermoplastic matrices.

Thermosetting resins such as epoxy, polyester,
polyurethane, phenolic, etc. are commonly used as a
matrix material in natural fiber composites in which
composites are required for higher performance

applications.

They provide good stiffness and strength properties.
New materials based on renewable resources are
gaining importance because of the wide spread
awareness about the emission of greenhouse effect
caused by the gases such as CO2 into the atmosphere

and global ill-effects of fossil energy resources.

Banana fibre:

Banana is available in most parts of India, and banana
fibre availability is more. The banana fibre is
obtained from the stem of a banana tree. After
banana is taken from the tree the whole tree is of
waste especially the stem. The chemical composition
of banana fibre is cellulose, hemicellulose, and lignin.
It is a highly strong fibre. It is a very light weight
fibre. The hydrogen bonds and other chemical
linkages provide necessary strength and stiffness to
the fibres. The density of banana fibre is 1300 kg/m3,
tensile strength is around 355 MPa, young’s modulus
is 33.8 GPa and elongation at break is 5.3%. It has a
strong moisture absorption quality; it absorbs as well

as release moisture very fast.

The stem of the banana tree is in the form of layers.
The strength of the fibre varies according to the layer
position, as the layers goes towards the centre the
strength starts to decrease. Hence, the outer layer has
more strength compared to the inner layer. The

outer layers are dried for few weeks to take out the
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moisture present in the stem layers. The dried fibres
are twisted for removal of more moisture as well as
to reduce the size of the fibre. The thickness of the
twisted fibre obtained will be around 1.8mm to 2.1
mm, this fibre is made into a yarn. The fibre yarn is
then woven to make sheets. The banana sheets are
used in this work because of all the above mentioned

properties.

K

Fig. 1 Raw banana fibers

Mango fibre:

Mango is an abundantly available fruit in several
parts of world. Mango fibre is also another natural
fibre which has a better strength, environmental
friendly, and also is bio-degradable. Mango fibre is
extracted out of mango endocarp (mango seeds) after
drying the seeds in sunlight for 2-3 days to remove
the water content and then they are powered for use
as filler. Mango seeds plays a major role for the
material strength. The properties that mango seed
imparts to composites are high strength to weight
ratio, less weight, low cost. The major advantage is
that it is a waste product. Once the mango is
consumed the seeds are thrown to waste. These
waste seeds can be used for manufacturing of
composite materials. It can be used as particles or can
be powdered and mixed with the binders. It can be
used as filler in manufacturing natural fibre

composites.




Fig 2.Powdered mango endocarp

Fabrication:
In the present work resin Araldite LY-556 and
hardener Aradur LY-

materials. The readymade banana fiber sheets are

951 are used as matrix

used as resin and mango seed particles are used as
filler/ additive material. The fabrication of the

laminate was done using hand lay-up process.

Following are the specifications of the fabricated

laminate:

e Process selection- Hand Lay-up Process

e Number of layers -3.

¢ Size of Laminates-300"300%4

e Length of fibers used-15mm.

e Orientation- Bi-Directional (0° & 90°)

e Resin: Hardener- 10:1

e Volume fraction=50:50

e Weight of Resin used is 400 grams

e Therefore, the amount of hardener used =(
1/10)*400 = 40gm

e Then mango seed is used as filler = 3%

Mold preparation: The base plate was cleaned with
an abrasive paper. The surface is allowed to dry after
cleaning it with a thinner solution. After drying, the
surface was coated with silicon gel. The surface is

now set for the mold layup.

The fibre is placed inside the mould and a sealant is

placed over the fibre to create vacuum. This is to
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keep the fibre dry and not to make any contact with
moisture. Water content should be as less as possible
for the fiber to absorb the resin to the maximum.
Maximum absorption of resin increases the strength
of the composite fabricant. If the moisture is present
in the fiber it will have a huge effect on the

properties of final product.

Fig 3. Vacuum bagging process

Based on the above calculations resin (araldite LY-
556) and hardener (Aradur HY-951) is mixed in 10:1
proportion. And 3% of mango endocarp powder is
mixed with resin and hardener. 400 grams of resin,
40 grams of hardener and 12 grams of mango
endocarp is mixed together. The resin and hardener
mixture should be carefully selected such that, the

resin should not cure in the curing pot itself.

Once the fibre is wetted with resin mixture, the
perforation sheet is placed on top of the banana fibre.
After all these processes are done, vacuum bagging is
done after 30 minutes by switching on the vacuum
and made to run for 1 hour. The laminate is then

heated in the oven for 1 hour at 100°C for curing.
II. RESULTS AND DISCUSSION

Tensile test is carried out after cutting the specimens
to the required dimension according to the ASTM
standards. Tensile tests produce a stress-strain

diagram, which is used to determine tensile modulus.

T —
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III. CONCLUSION

» The tensile test showed very good load bearing
capacity for the 0/90 ° direction with a peak load
1600N.

» The peak load for +45°/-45° was around 2000N.

» The laminates showed good results in both the cases.

Fig 5. Tensile testing of the specimen Also, the strength of the fiber is higher in longitudinal

Displacement direction than that of transverse.

» The results give scope for the application of these

natural fibers in interior of automobiles.

500 » The addition of mango particles have given improved

Load

- results in tensile strength compared to the results

| with only banana fibres.
- ’ N\ » The work can be extended by increasing the number
1200 e \

of layers and varying the percentage of fibres.
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ABSTRACT

This paper discusses fabrication of oxy hydrogen generator using wet cell electrolysis method using SS304
stainless steel plates and neoprene gaskets. Using hydrogen as IC engine fuel is been an interested field of
research for a long time, the interest in using hydrogen as IC engine fuel is increased recently due the
shortage of fossil fuels and introduction of electric vehicles. The need for an alternative fuel to regular fossil
fuels is increased as never before. In this paper a research is carried out on understanding the different
methods of generation of oxy hydrogen, selection a best method based on various criteria, namely efficiency,
availability of materials and cost. On the same basis mentioned, SS304 stainless was used to make the dry cell
hydrogen generator. Amount of oxy hydrogen generated and method to add oxy hydrogen to engine intake
and conducting engine performance and emission characteristics have to be done further.

Keywords : Oxy Hydrogen, Wet Cell, Stainless Steel

I. INTRODUCTION clean and efficient fuel. Combustion of hydrogen
does not emit ozone layer depleting chemicals and
Fossil fuels such as petroleum, coal and natural gas, greenhouse gases.
which are used for power generation for decades are  In this paper a research on different oxy hydrogen
being depleted rapidly. Also, combustion byproducts ~ generation methods is done to find out best method.
are causing numerous problems, such as the ozone A dry cell generator is fabricated.
layer depletion, green house effect, acid rains, air
pollution and environment pollution, which are II. METHODOLOGY
dangerous for human health and our environment.
Though the research for mobility is shifted focus e Literature study of electrolysis methods for
towards electric propulsion vehicles (electric production of oxy hydrogen and using it as engine
vehicles) and majority of automotive industries have fuel
stopped funding for research on IC engines. Many e Fabrication of oxy hydrogen generator
engineers believe IC engines are here to stay for e Modify the engine inlet for oxy hydrogen
quite some time and are going to be a parallel induction
technology to electric vehicles till the time electric
vehicles become the prime mobility solution in the III. LITERATURE STUDY
near future. One method by which the emission
problems of fossil fuel IC engines can be overcome is ~ Most early engine were designed for burning a

by replacing fossil fuel by hydrogen fuel which isa  variety of gases, including natural gas and propane.

CSEIT1949196 | Published - 21 Dec 2019 | November-December-2019 [ (4) 9:05-10 ] 5



http://ijsrcseit.com/
http://ijsrcseit.com/

When hydrogen was used in these engines it would
backfire. Since hydrogen burns faster than other
fuels, the fuel-air mixture would ignite in the intake
manifold before the intake valve could -close.
Hydrogen gave less power than gasoline with or

without the water. [1]

Hydrogen and pure oxygen were considered for
submarine during world war use because the crew
could get drinkable water from the exhaust.
Hydrogen was also considered for powering airship

engines.

Oxy-hydrogen Gas as a IC Engine Fuel
Oxy-hydrogen is a mixture of hydrogen and oxygen
gases, typically in a 2:1 atomic ratio; the same
proportion as water. At normal temperature and
pressure, oxy-hydrogen can burn when it is between
about 4% - 94% hydrogen by volume and with
flame temperature around 2000 C. [5]

Automotive fuel enhancement systems inject either
a hydrogen-petrol mixture, or pure hydrogen into
the intake of the IC engine. A small amount of
hydrogen is added to the intake air-fuel charge
permits the engine to operate with leaner air-to-fuel
mixture. As the air/fuel mix approaches leaner
values the temperature of combustion decreases
A 50%

idle was

effectively reducing NOx production.
reduction in gasoline consumption at
reported by numerically analyzing the effect of
hydrogen enriched gasoline on the emission,
performance and fuel consumption of a small spark-

ignition engine. [5]

Under most loads near chemical correct air/fuel
mixtures are still required for normal acceleration,
although under idle conditions, reduced loads and
moderate acceleration hydrogen addition in
combination with lean burn engine conditions can
result in a running of the engine with many
advantages in terms of fuel consumptions and

emissions levels. [4]
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Comparing the properties of gasoline and hydrogen,
it is possible for hydrogen engines to operate with
very lean mixture, achieve good fuel economy and
emissions reductions. The concept of oxy hydrogen
as a combustion enhancer for internal combustion
engines has a greater interest than pure hydrogen
powered engines because it involves fewer
modifications to the engines and their fuelling

systems.

After the emission and performance analysis result
are compared and considerable change were
observed, Reduction in the fuel consumption of the
vehicle up to 30%, increase in power and
performance was observed. Once you switch to
supplemental hydrogen, it will enhance power and

performance in your car.

Use of oxy hydrogen in gasoline IC engines
improved the combustion efficiencies reduced fuel
consumption by 20%, reduction in emission of
pollutants like carbon monoxide and unburnt

hydrocarbons, power output increased by 5.7%. [4]

Introduction of HHO led to increased power and
torque. The engine tended to run richer under
higher loads. There was a significant reduction of
unburned hydrocarbons as a result of the increase in
HHO Introduction of HHO led to

improved combustion particularly at low loads. [5]

inclusion.

Hydrogen Production:

Hydrogen does not occur free in nature like
conventional fossil fuel. Source of energy like
nuclear, solar or hydro-electric is required to split it
from original combined form. The following

methods are used for production of hydrogen:

Electrolysis of H20

In this process, electrical power is utilized to split
water into H2and Oz An electrolysis cell contains
two electrodes, commonly carbon plates or a flat

metal, immersed in an aqueous electrolyte solution.

I



A source of DC source is connected to the electrodes,
electric current conducts through the electrolyte
from anode to cathode. As a result, water in the
electrolyte solution is broken into H: which is
obtained at the cathode and oxygen at the anode.
Since water is a poor conductor of electricity, an
electrolyte like KOH is used to improve its

conductivity.

Thermo chemical method
This

promising. It

method is considered potentially most

depends on complex series of
interactions between the primary energy, water and
some specific chemicals to produce hydrogen at
temperatures substantially lower than thermal
decomposition. The chemicals used are recyclable. A
variety of compounds of iron, iodine, lithium and

cadmium are used for the purpose.

Photobialysis

In this process, action of certain catalyst to produce
H2 from water by use of directs sunlight at ambient
temperature. Though, it appears attractive, the

present efficiency of production is only 1%.

IV. WORK DONE

Hydrogen Generator Selection:
Wet Cell:

o o —
- % X $ L~

Fig.1 Wet cell generator
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A wet cell is an oxy hydrogen generation system in
which the electrodes are immersed in the electrolyte
aqueous liquid. And then the current is passed
through. This creates an arc in the electrodes and
the water is split into two gasses mainly oxygen and
hydrogen.

It requires very less power and is efficient for small

quantity of gas production.

Dry Cell:

Fig. 2. Dry cell generator

A dry cell is an oxy hydrogen generation system in
which the electrodes are fixed and the water is made
to pass through the electrodes. It runs lesser amps
and works cooler and has high gas production.
Weight of dry cell is more compared to wet cell and
cleaning of the electrodes should be done frequently.
By taking into account all its advantages an
disadvantages, and also its feasibility in the internal

combustion engine, we have selected the dry cell.

V. FABRICATION

Selection of Electrolyte

KOH (Potassium Hydroxide):- Potassium hydroxide
also known as ‘caustic potash’ is highly caustic. This
needs to be handled carefully and kept away from
any contact with skin, and even more importantly

our eyes. 10% KOH concentration is so far reported

Tl



and understood to be the optimum. KOH weighs

approximately 11 grams per heaping teaspoon.

Components Required For The Dry Cell System:-
Stainless Steel Plates:

SS304:

The SS304 plate contains 18% chromium and 8%
nickel whereas the SS316 plate contains 10% nickel,
16% and 2%

molybdenum is to help resist chlorides corrosion.

chromium molybdenum. The

Neoprene Gasket:

Neoprene is a type of synthetic rubber that are
created by polymerization of chloroprene. Neoprene
exhibits good chemical stability and maintains
flexibility over a wide temperature range. Neoprene
is sold either as solid rubber or in latex form, and is
used in a wide variety of applications. Like Electrical

Insulation, Membranes and fan belts.

Cover Plate:

ABS Plastic is a common thermoplastic used in high
temperatures. The most important property of ABS
are toughness and impact resistance. ABS polymers
are resistant to aqueous acids,
concentrated phosphoric and hydrochloric acids and

alkalis.

Construction of Oxy-hydrogen Dry Cell

To construct the oxy hydrogen dry cell core the
selected SS304 steel plate should be cut to 7” by 7”
and 6 holes should be drilled on the plate for the
water to pass through, 4 holes in the bottom and 2
holes on the top

Fig. 3. Stainless steel plates in required shape
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The neoprene gasket of thickness 2mm is cut to the
plate dimensions, this gasket is then cut on the
inside of the dimension 6 by 6 inch.

The gasket creates an airtight seal between the two

plates and prevents the leakage of water.

Fig. 4. Neoprene Gasket cut in shape

Fig. 5.
together

Neoprene gasket and stainless steel put

The cover plates are of 9 by 9 inch and 0.5 inch
thick. With one brass fitting connected on top and

two fittings on the bottom.

Fig. 6. Cover plate with brass fittings

All these components are connected together to

form the core of the oxy-hydrogen generator. The

I -




effective plate configurations are 1lplate cell in
which 3 plates are the electrodes and the other 8 are
the neutral plates.

The plate configuration is given by:-
+NNNN-NNNN + =11 plates in total with 3

electrodes and 8 neutral plates

Fig. 7. Oxy hydrogen generator core

The construction of the reservoir is simple as it
requires a 5 liter jerry can. The reservoir is used to
hold the water solution . The holes are drilled at the
bottom and top of the can for the connection of inlet
and outlet of the core there is another hole drilled
on top of the can which connects to the bubbler.
The jerry-can is plastic or metal. The reservoir

contains 4 liters of water and KOH solution.

The construction of the bubbler is done with the
help of an acrylic tube which is cut up to 5 inches in
length and is 3 inches in diameter. The bubbler is
then closed with 2 end caps which have brass

fittings on both of them.

The final assembly of this system is done on a
wooden board for easy transportation and a 12 volt
battery is used for the working of the generator

system.
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Fig.8. Oxy-hydrogen generator system

The oxy-hydrogen gas generator shown above is a
dry cell system with 11 plate configurations; it
consists of 3 electrodes in which 2 are connected to
the positive and the other one to the negative. These
are connected to the 12 volt battery. The other 8
plates are neutral plates which are used to reduce
the voltage by 1.2 volts, which is the optimum
voltage for the plate to break down the water

solution into hydrogen and oxygen.

VI. CONCLUSION

In this paper a dry cell oxy hydrogen generator was
fabricated using SS304 stainless steel plates and
neoprene gasket. SS304 was used because of its
availability and cost. The constructed oxy hydrogen
generator is generating oxy hydrogen at a steady rate,
which is evident by seeing the bubbler. Quantity of
oxy hydrogen generator should be measured
accurately and provision to add oxy hydrogen to the
engine intake has to be made in future to study the

engine performance and emission characteristics.
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ABSTRACT

The goal of this proect is to use and assess the mechanical properties of the chicken quill strengthened
polyester composites. Preceding creation of the composites, the chicken plume strands (CFF) were cleaned,
tried and dissected as far as physical properties; straight thickness and elastic conduct. The unidirectional CFF
fortified composites were created with polyester resins with various extents. Trials were led to decide
physical properties of the control (0%) and CFF fortified composites; tensile,flexural and Charpy impact
testing. It was discovered that the impact properties of the CFF strengthened composites are altogether
superior to the control composites. Anyway both the malleable and the flexural properties of the CFF
fortified composites have less fortunate qualities contrasted with the control composites. The CFF fortified
composite have potential applications because of its improved impact conduct. Therefore the poultry waste
can be used for any designing application and they will be favored because of minimal effort and prevalent
attributes and the above all they won't cause biological and medical issues
Keywords : Chicken Feather, Composites, Mechanical Properties, Polyester

I. INTRODUCTION normally depicted as a loss result and they are adding
to ecological contamination because of the transfer
1.1.COMPOSITE MATERIALS issues. There are two fundamental chicken plume
transfer strategies that exist, a consuming and
Since the beginning, mechanical advancements have covering. Them two have negative effect on nature.

helped mankind improve their ways of life, with the ~Ongoing investigations on the chicken feathers

rate of advancement and research is so amazing. In

any case, certain innovation likewise makes a
negative natural effect. In this manner endeavors are
put resources into utilizing characteristic based
biodegradable and manageable material that exist in
nature as opposed to make another material. Material
structures fortified composites, explicitly with
filaments, have picked up significance in designing
and specialized applications because of their light
weight, higher constancy, predominant flexibility
and quality, great warm opposition, low thickness,

and better unbending nature [1-3]. The CFF are

CSEIT194912 | Published - 21 Dec 2019 | November-December-2019 [ (4) 9:11-15 ]

showed that the waste can be a potential composite
support. The composite fortification use of the CFF
offers considerably more compelling approach to
comprehend ecological concerns contrasted with the
conventional transfer techniques. A portion of the
upsides of the CFF are economical, inexhaustible,
and plentifully accessible. The CFF as a composite
support having certain attractive properties including
lightweight, high warm protection, superb acoustic
and incredible

properties, conduct

hydrophobic properties. The CFF has the least

non-rough

thickness esteem contrasted with the all normal and

[



http://ijsrcseit.com/
http://ijsrcseit.com/

engineered strands [4-7]. Castano et al found that the
CFF keratin biofibres permits an even appropriation
inside and adherence to polymers because of their
hydrophobic nature and they revealed that CFF
strengthened composites have great warm solidness
The primary

motivation behind this examination is to produce

and low vitality dispersal [8].

and decide the mechanical properties of the CFF
strengthened vinylester and polyester thermoset
composites. The chicken plume strands were tried
and dissected to recognize the accompanying
properties; direct thickness, breaking lengthening
The CFF

composites were created by hand layup system in the

and determination. strengthened

research facility. Vinylester and polyester gum were

utilized as lattices and the composites were
fabricated by utilizing three distinctive fiber stacking
extents. The mechanical properties of these

composites were resolved and looked at including

tractable, flexural and Charpy impact properties.

II. MATERIALS AND METHODS

2.1. MATERIALS

The raw materials used in this work are
1. chicken Feather
2. Polyester resin
3. Methyl Ethyl Ketone Peroxide
4. Cobalt

2.1.1. Chicken Feather

Chicken feather is collected from the
poultry farms. It is the waste of chicken which are
cleaned well. After the washing process the chicken
features were rinsed and leftto dry for 24 hours
under normal room temperatures. and dried in sun

light. The dry feathers are cut into short fibers.

2.1.2. Polyester resin
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Softener (Araldite LY 556) made by CIBA GEIGY
limited having the following outstanding properties
has been used as the matrix material.

a. Excellent adhesion to different materials.

b. High resistance to chemical and atmospheric
attack.

c. High dimensional stability.

d. Free from internal stresses.

e. Excellent mechanical and electrical properties.

f. Odourless, tasteless and completely nontoxic.

g. Negligible shrinkage.
2.1.3. Hardener

In the present work hardener (HY951) is used. This
has a viscosity of 10-20 MPa at 25¢c.

2.2. SPECIMEN PREPARATION

Preceding the composite assembling, the CFF tests
were adapted for 48 hours at 65% RH and 20°C [9].
The fiber straight thickness esteems were resolved as
per ASTM D1577 [10] and the elastic properties of
the filaments were resolved as per ASTM D3822 [11].
The composites were created with various fiber
loadings (0%, 2.5%, 6% and 10%). At first, polyester
resin was blended in Gobalt utilizing a blender in a
bowl after the polyester, resin was additionally
arranged independently. The grid materials were set
up in a segment of 73% of resin framework and 23%
of hardener by volume. At that point, the strands
were spread into shape and secured with the grid.
The composites were made by utilizing a hand lay up
method with size form of 300 mm length x 300 mm
width x 20 mm thickness. The composites were kept
for 24 hours at room temperature and along these
lines put in a broiler for 8 hours at 80°C for restoring.
The control and the CFF strengthened composites
were assessed as per ASTM D3039/D3039M (Tensile
Properties of Polymer Matrix Composite Materials),
EN ISO 14125 (Fibrereinforced plastic composites-
Determination of flexural properties), and EN ISO
179-1 (Determination of Charpy impact properties).
2.3.HAND LAY -UP METHOD

VI .




Hand expose up is a open molding method
appropriate for making a wide assortment of
composites items including: pontoons, tanks
bathware, lodgings, truck/auto parts, engineering
items and numerous different items extending from
extremely little to exceptionally enormous.
Generation volume per form is low; be that as it may,
it is possible to deliver generous creation amounts
utilizing various molds. Straightforward, single-pit
molds of fiberglass composites development are
Molds

exceptionally little to huge and are ease in the range

commonly utilized. can run from
of delicate composites molds. Gel coat is first applied
to the shape utilizing a splash weapon for a great
surface. At the point when the gel coat has restored
adequately, move stock fiberglass fortification is
physically put on the form. The cover tar is applied
by pouring, brushing, showering, or utilizing a paint
roller. FRP rollers, paint rollers, or squeegees are
utilized to merge the cover, completely wetting the
support, and expelling ensnared air. Ensuing layers of
fiberglass support are added to manufacture cover
thickness (Fig 2.1). Easiest strategy offering minimal
effort tooling, straightforward preparing and wide
scope of part estimates are the significant focal points
of this
promptly made. There is a base interest in gear. With
gifted

predictable quality is realistic.

procedure. Configuration changes are

administrators, great generation rates

III. RESULTS & DISCUSSIONS

This paper presents the mechanical properties of the
chicken reinforced polyester composites prepared
for this present investigation. Details of processing of
these composites and the tests conducted on them
have been described in the previous chapter. The
results of various characterization tests are reported
here. This includes evaluation of tensile strength,
flexural strength, impact strength and micro-

hardness has been studied and discussed.
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3.1. Mechanical Characteristics of Composites

The portrayal of the composites uncovers
that the fiber content is having critical impact on the
mechanical properties of composites. The properties
of the composites with various fiber substance under

this examination are introduced in Table 3.1.

Table 3.1 Mechanical properties of the composites

5
—~ =]
) — = &3
T z | 8 5
= » ~ @ =
Sl 2 2 <
R= = — o o 9
S| T | zs| .| &&
& T = 8 | B & B
A 17 989 48 3.25
B 14.6 1115 67 4.26
C 18.9 1305 117 8.96
D 21 2589 148 125

3.2. DISCUSSIONS

3.2.1. Effect of Fiber content on Micro-hardness

The deliberate hardness estimations of all the four
composites are introduced in Figure. It tends to be
seen that the hardness is diminishing with the
expansion in fiber content upto 60%. Anyway
further increment in fiber content builds the smaller

scale hardness esteem.
3.2.2. Effect of Fiber content on Tensile Properties

The test results for rigidities and moduli are appeared
in Figures 4.2 and 4.3 individually. It is seen that the
rigidity of the composite increments with increment
in fiber substance. There can be two purposes behind
this expansion in the quality properties of these
composites thought about. One plausibility is that
the concoction response at the interface between the
filler particles and the network might be too solid to

even think about transferring the elastic. From
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Figure 4.3 plainly with the expansion in fiber X-Axis-Fibercontent 90%,80%,70%,60%
content the malleable moduli of the chicken respectively
strengthened polyester composites increments bit by ~ Y-Axis -Micro Hardness

bit.

16 4
3.2.3. Effect of Fiber contents on Flexural Strength

Figure 4.4 shows the correlation of flexural qualities N
of the composites acquired tentatively from the N
curve tests. It is intriguing to take note of that 8
flexural quality increments with increment in fiber 6
content. .
N
3.2.4. Effect of Fiber contents on Impact Strength
' 1 2 3 4

The effect vitality estimations of various composites
recorded during the effect tests are given in Table. It ~ Figure 4.2 Effect of fiber content on tensile strength

demonstrates that the protection from sway stacking of composites
of coconut chicken fortified polyester composites X Axis - specimens
improves with increment in fiber substance as Y Axis - Tensile strength in MPa.

appeared in Figure4.5. High strain rates or effect 45

burdens might be normal in many building 40 1

utilizations  of = composite = materials. = The 3
reasonableness of a composite for such applications 30
ought to in this manner be resolved by regular plan 25 1
parameters, however by its effect or vitality retaining 20
properties. i
10 4
20 -
54
18 -
0L - - .
16 - 1 2 3 4
it
12 - Figure 4.4 Effect of fiber content on flexural strength
10 - of composites
g - X Axis- Specimens
6 Y Axis- Flexural strength in Mpa
D N W— Almm
1 2 3 4

Figure 4.1 Effect of fiber content on micro-hardness

R 4

of the composites
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17
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16
155

15
145

1 2 3 4

Figure 4.5 Effect of fiber content on impact strength

of composites

X Axis- Specimens
Y Axis — Impact strength in KJ/m?

IV. CONCLUSION

This trial examination of mechanical conduct of
coconut chicken fortified polyester composites

prompts the accompanying ends:

This work shows that fruitful manufacture of a
chicken fortified polyester composites with various
fiber substance is conceivable by straightforward
hand lay-up strategy. It has been seen that the
mechanical properties of the composites, for example,
smaller scale hardness, elasticity, flexural quality,
impact quality and so on of the composites are
additionally enormously affected by the fibre

substance.
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ABSTRACT

Plant based medicines are understood and widely accepted as alternative therapies for many diseases. The
present work investigated the antioxidant and antihemolytic properties of extracts of Triticum aestivum
(wheatgrass) have been analyzed and quantified for the phytochemical constituent’s such as total phenolics,
tannins, and flavonoid contents. High—performance liquid chromatography revealed the presence of many
phytoconstituents with medicinal value. Antioxidant and RSA was determined by in vitro assays such as
hydrogen peroxide, nitric oxide, 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging and total
reductive ability. These results proved to be promising and were confirmed by its ability to mitigate free
radical induced erythrocyte damage.
Keywords : Green grass, antioxidant, antihemolytic, Triticum aestivum, phytochemical, free radical damage,
erythrocytes.

I. INTRODUCTION to pair up with other molecules, atoms or even a
single electron in order to achieve the state of
Noxious dietary patterns and sedentary lifestyle stability. They get involved in a variety of chemical

practices (smoking, consumption of alcohol, reactions in the body such as hydrogen abstraction,

prolonged exposures to harmful UV rays, ionizing
radiations, etc.) have shown to cause pathological
damage in the body’s cells and tissues resulting in
deleterious impacts'. This causes a morbid stress in
the body, leading to the generation of unstable free
radicals 234, These free radicals, by the virtue of their

chemical properties, tend to be highly reactive so as

CSEIT194913 | Published - 21 Dec 2019 | November-December-2019 [ (4) 9:16-22 ]

termination, addition, disproportionation, etc., to
reach a more “bound” state, leading to the utilization
of more free molecular oxygen, causing to what is

known as “oxidative” stress in the body?.

Free radicals induced damage in the biological

systems is most clearly comprehended using blood as
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a promising model®. Blood being the fluid connective
tissue of the body becomes easily susceptible to this
damage due to free radical induced physico chemical
damage of RBC membranes leading to hemolysis®,
which subsequently creates an “oxygen” deficit
condition in the body leading to hypoxia and related
chronic ailments like cancer, diabetes, neurological

damages and cardiovascular diseases*.

Traditional herbal medicines, today have been
shown to act as what is called “alternate medicines”,
due to their less toxic and multi-targeted potential in
the body®. They are a repository of a widespread
amount of antioxidants, which can be used to the
development of what is known as “novel” drugs’.
The present work is one such attempt to look at the
protective effect of wheat grass against free radical
induced erythrocytic. Wheatgrass being an herbal
medicine, is known to have attracted the attention of

the society for the prevention of many diseases®.

Triticum aestivum (wheat grass) (commonly known
as bread wheat) is one of the most abundantly grown
wheat specie in the world. Triticum ae sp. belongs to
the family Poaceae®. The plants of this family are all
monocots, primarily grasses. Some commonly found
plant species belonging to this family include
Cynodon dactylon, Poa annua, Zea mays, etc. (North
American Range Plants, James L. Stubbendieck,
Stephan L. Hatch, Charles H. Butterfield) .
Wheatgrass is generally grown throughout the year
and is most commonly seen to propagate in almost all
regions of the world. Fifteen to twenty species of
wheatgrass have been documented, of which have

been reported to occur in India'’.

Wheatgrass is a good pool of mineral nutrients. It is a
rich repository of iron, phosphorus, magnesium,
manganese, copper & zinc'3. Wheatgrass is an
excellent headspring of tocopherols with other
phytochemical compounds!'. It helps to trigger
metabolic activities, maintains the alkalinity, and
hence reducing the over-acidity in the blood. It also

aids in reinstating the healthy cells by acting as a
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detoxifier'?. They tend to possess various antioxidant
potentials and thus is seen to inactivate many free
radical induced damages in the human body'.

Typically, wheatgrass is shown to be a house of -

reducing  sugars, anthraquinones,  saponins,
flavonoids, tannins, alkaloids, terpenoids, and
phenolics, which help majorly in antioxidant
activities’®. It’s said to have anticancer activities

according to the Traditional system of medicines®.

Wheat grass has shown to be a promising modal for
curing a variety of diseases'®. Its juice is being proved
to be hypoglycemic 18
the

chemopreventive action of wheat grass - Pilot

hypolipidemic!”

hepatoprotective ' in rat models and
studies to a considerable extent were performed on
human models wherein wheat grass juice was found
to reduce transfusion requirements in patients with
thalassemia major 2. Also, the plant has been shown
to be ?? (through a randomized,double bind,placebo-
controlled study of the plant against spirulina) an
effective protectant against lipid peroxidation. It also
has a major role in curing active distal ulverative
colitis by tests performed on controlled trials 2 .
Works on human chronic myeloid leukemia cells
lines revealed the antiproliferative and apoptotic
activities of the plant ?* .The plant juice has to a
the

hematological conditions in patients with breast

certain extent been proven to improve

cancer It has shown to have the property of
optimizing blood sugar levels and so has been
examined to prove its effectiveness in curing diabetes
mellitus?®. Quantitative assays performed on the
plant revealed that a particular chemical called MPa
(methylpheophorbide a), has potent abilities in
curing cancer ¥. Acute oral toxicity levels for the
plant was being demonstrated, revealed a significant
no mortality results in Swiss Albino mice trials with
a dosage of 2000 mg/kg seen for 14 days 2¢- All these
results have shown that the plant has a significant
pharmacological benefit and thus can be used in the

long run to cure a variety of diseases.




Design of Experiments
Plant Material and extraction

The grass of Triticum aestivum used in the study was
grown indoors in earthen pots filled with 2.5 inches
of soil (3 parts) mixed with compost (1 part).
Harvesting was done on the tenth day when the
grass grows approximately 5-6 inches tall for further
experimentation . Ethanolic extract (10% w/v) of
wheat grass powder was prepared using the method
of Arpita et al, 2012. wherein the freshly harvested
grass was freeze dried in vacuum (2.4 X 102 mB)
with a condenser temperature set at -49°C for 6 h.
Aqueous extracts of Trticum aestivum (AET) was

prepared by using sequential extraction method 3

Estimation of total Phenolic, Flavonoid and Tannins
content

Total phenolic content [TPC] expressed as milligrams
of gallic acid equivalents [GAE] per gram of dry
extract [mg GAE/g of dry extract], total flavonoid
content [TFC] expressed as milligrams of rutin
equivalents [RE] per gram of dry extract [mg RE/g of
dry extract] and the total tannin content [TC] of both
the individual phytoextracts were determined using

the standard methods 30

Identification and Quantification of the Polyphenols
using HPLC

Polyphenolic contents of the extract were obtained
chromatographically by separating them on a reverse
phase Luna 5 um C18 (2) (100 A, LC Column 250 x
4.6 mm). Gallic acid, tannic acid, catechin,
sitosterol, rutin, quercetin, and betain (100ug/ml of

each) were used as standard polyphenols.

In vitro Antioxidant Assays:
Hydrogen peroxide (H202) scavenging ability:

H20:2 radical scavenging ability of the extracts was
examined according to the method employed by

Tuba and Gulcin 3!, with few modifications. To 3.4
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ml of a plant extract and the standard antioxidant -
ascorbic acid (dissolved at different concentrations of
5-100 pg/ml in phosphate buffer - 50 mM, pH 7.4),
0.6 ml of H202 was added and incubated at room
temperature for 10 min. The decrease in the
absorbance of H202 upon oxidation was monitored at
230 nm spectrophotometrically against a suitable
blank (phosphate buffer alone). BHA was used as a
standard antioxidant, control (phosphate buffer and
H202) was prepared and the percentage inhibition

was calculated using the expression:

Percentage inhibition (%) = (OD of control - OD of
extract/OD of control) x 100 (1)

The
inhibition (ECso) was calculated from the graph of

extracts concentration providing 50% of

percentage inhibition plotted against extract

concentration.

Nitric oxide (NO) scavenging activity:
NO radical scavenging abilities of plant extracts were
assessed by using the method employed by Royer et

al. 2. The color intensity of the chromophore formed

as a result of diazotization of nitrite with
sulfanilamide and subsequent coupling with
naphthyl ethylenediamine hydrochloride was

measured colorimetrically at 546 nm against a
suitable blank (2 ml of H2O and 0.6 ml Griess
reagent). Control (200 pL SNP, 800 uL H2O and 300
ML Griess reagent) was run and the percentage
inhibition was calculated wusing equation 1
mentioned above and compared with ascorbic acid
which is used as a standard antioxidant. ECso values

for the plant extracts were estimated.
DPPH free radical scavenging activity

Antioxidant activities of the plant extracts were
assessed based on DPPH free radical scavenging
activity using Blois method 3 with a few changes.
Ascorbic acid prepared at similar concentration
ranges like the aqueous plant extracts was used as a

standard positive control. Percentage inhibition was

T




calculated by comparing tests with control (3 ml of

DPPH) using equation 1.

Preparation of erythrocyte suspension

Blood samples from healthy male/female (non-
smoker and non-alcoholic) volunteers were collected
into heparinized vaccuettes through venipuncture
after taking informed consent. After a gentle swirling,
the tubes were centrifuged at 1500 g for 10 min at
4°C and the plasma and buffy coat were removed.
The resulting erythrocytes were washed thrice with
10 volumes of PBS (PBS - 10 mM having NaCl - 150
mM, NaH>POs - 1.9 mM and NaH:POs - 8.1 mM, pH
7.4) and centrifuged again at 1500 g for 5 min. The
thick fluffy coat was removed with care after each
centrifugation. Erythrocyte suspension stock of 10%
v/v was prepared in PBS and kept at 4°C and used
within 6 h.

In vitrohemolysis assay

To look at the protective antioxidant effect of the
aqueous plant extract on the free radical induced
oxidative damage on human erythrocytes, in vitro
hemolysis assay was performed as adapted by Girish

etal 3.

II. RESULTS

Phytochemical Evaluation of the Aqueous Extract of
Triticum aestivum
The concentrations of the vary

depending on many environmental factors and the

polyphenols

extraction techniques employed. Aqueous extract in
the present study also was found to be very rich in
different polyphenolic components, with the details
being presented in Figure 1.
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Fig. 1: Evaluations of phenolic, flavonoids and tannin

profiles of the plant extract of wheatgrass.

Polyphenol quantification using HPLC

The individual polyphenols present in the plant
extract was characterized using HPLC with columns
specific for separating the hydrophobic compounds
and UV detection at 280 nm as seen in Figure 2

below.

Fig. 2 : HPLC chromatogram for phenolic and

flavonoid profile of the plant extract of wheatgrass.

In vitro Antioxidant Activity

The protective antioxidant ability of the aqueous
plant extract was estimated in terms of in vitro free
radical scavenging activity (using H202 and DPPH),
inhibition of NO production and total reductive
ability. Details are as shown in Figures 3-5. Results of
this proved potential free radical scavenging activity
of the aqueous plant extracts of Triticum aestivum.
As seen in Figure 3 below, antioxidant activity of the
plant extract was compared with that of the standard

antioxidant i.e., Butylated hydroxy anisol (BHA); the
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inhibition rate is similar at 25 pg/ml. Although a
larger difference is seen at 5 pg/ml, it is well within
the range. The overall inhibition percentage of AET
is seen to be similar to BHA, thus showing that the
H20: radical scavenging activity of AET is similar to

that of a standard antioxidant.

—+—BHA

% Inhibition
wn
(=]
L {

Q 10 20 30 40 50 &0 70 80 ag 100
Concentration {pug/mi)

Fig. 3: H202 Radical Scavenging Activity

DPPH free radical scavenging activity of AET was
measured using ascorbic acid as a positive control.
Figure 4 represents the inhibition percentage of
ascorbic acid and AET at different concentrations. It
can be seen from the figure that, AET has a similar
DPPH radical scavenging activity as ascorbic acid,
thus proving that AET has valuable free radical

scavenging activity.
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Fig. 4: DPPH Radical Scavenging Activity

A colorimetric assay was performed, to measure the
NO radical scavenging activity of AET using ascorbic
acid as a control. As seen in Figure 5, the results of
the assay show that NO radical scavenging activity of

AET is similar to that of a standard antioxidant.
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Fig. 5: NO Radical Scavenging Activity

In vitro Antihemolytic Activity

Aqueous plant extract was tested for @its

antihemolytic efficacy. This study showed the
antihemolytic ability of the aqueous plant extract.

Data interpreted in Figure 6 indicated that the

aqueous plant extract prevents H20: induced
hemolysis.
—e— Ascorbic acid
100 AET
90 l
80 4 —
8 - -
70 ——— [
§ 60 — 1 d]
2 50 =
S -
= |7
30 /
20 7 1
10 |f
0 % -
a.0 0.1 0.2 0.4 0.6 0.8 1.0

Concentration {mg/ml)

Fig. 6: Antihemolytic Activity

III. CONCLUSION

Free radical induced erythrocytic damage can be
prevented through antioxidant and antihemolytic
activity. In an attempt to curb such damage,
properties of Triticum aestivum was explored. The
present work clearly depicts that the plant 7riticum
aestivum is a rich repository of phytocompounds.
These phytocompounds have been shown to be
essential in scavenging free radicals and thus helping
maintain the healthy cells in the body. HPLC
analysis of the plant has shown the presence of a
high

colorimetric assays have proved that the plant has

concentration of polyphenols. /n vitro
valuable antioxidant and antihemolytic properties.
This has also paved way for further research on the
therapeutic efficiency of 7. aestivum against
oxidative damage of not only blood but also other
tissues and organs using animal and human cell line

models.
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ABSTRACT

A new bacterial strain MG12 with high amylase activity was characterized as Bacillus marinus by

morphological characteristics, 16S rRNA sequence homology and molecular phylogeny. Maximum

production of amylase by strain MG12 was found in pH 7.0 and 30°C with an incubation time of 48h. SDS-
PAGE and characterization of enzyme showed 57.24 KDa with highest activity at pH 8 and 55°C. The Km and

Vmax value for the enzyme activity was found using Line weaver-Burk plot.

Keywords : Amylase, Bacillus, SDS-PAGE, TLC, Kinetics, Specific activity

I. INTRODUCTION

Amylases are group of enzymes have the ability to
degrade glycosidic linkage between linked glucose
molecules with variety of applications in different
industries were isolated (Gupta et al 2003, Mc Tigue
et al.,1995). Thermophilic amylases will be useful in
different industries (Leveque et al., 2000). Thermo
High

temperature tolerant amylases are available from the

stability is the desired characteristics.
mesophilic Bacillus licheniformis (Morgan and Priest,
1981), Bacillus sp.ASMIA -2 (Teodoro and Martin,
2000). Improvement in strategies to isolate amylases
with higher amylase activity leads to the discovery of
new o - amylases with industrial applications. The
advantage of thermophilic o - amylases are cooling
cost can be reduced, solubility of substrates can be
increased, lowering of viscosity allows enhanced
mixing and pumping and decreases the risk of
contamination. The wide range of amylases are
acidophilic or neutral. But detergent industry is in a

greater need of alkalophilic amylases.
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Present study we have isolated and characterized a
novel thermophilic alkaline a- amylase producing

bacteria designated as MG 12

II. Material and Methods

Microorganism:
In order to isolate amylolytic bacteria, soil samples
were collected from the Pichavaram mangrove forest
located near Chidambaram, Tamil Nadu. To isolate
extracellular amylase producing bacteria, 1g of soil
suspension was dissolved with 100ml saline water.
Deca times dilutions of soil suspension were plated
onto amylase agar, which contain all the components
described in Asha eta al 2012 with Starch soluble
0.2%, agar 1.5% at neutral pH was incubated for 72h
at 30°C and

surrounding the bacterial colony due to amylase

observed for zone of inhibition

activity. Using Lugols iodine amylase producing
colonies were selected. The physical, morphological
and biochemical characterization of strain was
determined based on Senath et al., 1986. 16srDNA
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sequencing was done to construct phylogenetic tree  /nfluence of effectors (metal ions) on the stability of
to find the strain. amylase

Optimization of media for the enzyme production: The influence of 10 mM concentration of different
Initially the organism was incubated in 1% starch, metal ions Mn?* (MnCl2), Fe3 (FeCls), Mg? (MgCl),
0.05% MgSO+7H20, 0.02% OMgCl.6H20, 0.1% Zn* (ZnSOs), Cu* (CuClz) and Hg* (HgCl) was
KoHPOs4 at pH 7.0 and 30°C for 48h. The influence of determined at 55°C in pH 8.5 for 60 min (Miller et al.
different pH values (5-10) and temperature (25- 40°C) 1959).

for o - amylase production was investigated. Kinetics parameters determination

Optimization parameters were set based on Asha etal The enzyme (5.58 U/ml) was treated with different
2012. concentration of soluble starch (0.5-3.0%) in pH 8.5
Enzyme Assay at 55°C.

The assay was done by Bernfeld method at 50°C.

Protein Estimation: III. Results

Lowry Method with BSA as standard used for protein

concentration calculation (Lowry et al., 1971) Characterization of bacterial strain:

Fermentation media, culture conditions and

Purification of enzyme: The morphological and physiological properties of
Enzyme was produced using compositions 1.5% the isolated bacteria is in (Table 1). Presence of
starch, 0.75% Yeast extract, 0.5% O0MgSOs. 7H:0, Bacillus sp. was based on Bergys Manual of
0.2 %MgCL.6H20, 1.0 % K-HPO+ at pH 7.0 and 30°C  Systematic Bacteriology. By 16stDNA sequencing

for 30h. Centrifugation has been done to collect and phylogenetjc tree analysjs the strain was

supernatant at 15000g for 20min and was used for affiliated to Bacillus marinus. (Fig.1 & 2)
further studies.

Salt precipitation:

80% (w/v) Ammonium sulphate precipitation was
done and kept at 4°C for 12hand the procedure was
as same as Asha et al 2012.

. ) Fig: 1.Amylolytic activity of strain MG12 on starch
Size exclusion chromatography and HPLC

. . agar plate.
Size exclusion chromatography and HPLC was done
. 93 X68416 Bacillus licheniformis
same as in Asha eta al. 2012. % AF302118 Bacillus sonorensis
3 X60646 Bacillus subtilis
Determination of molecular mass % 60637 Bacillus pumilus
27 . L
. e o X60643 Bacillus smithii
The purified enzyme molecular weight was n 516272 Bacillus lentus

28 D16273 Bacillus megaterium

measured by performing the procedure of Laemmli 76512 Bacillue cirosians

(Laemmli 1970) 69 L—— D78314 Bacillus firmus

> : 100 X60634 Bacillus psychrophilus
Biochemical characterization of purified enzyme: 4“7|£ X68415 Bacillus globisporus

X60642 Bacillus insolitus
The influence of pH and temperature on the stability = AJ542506 Bacillus drentensis
52 AJ542512 Bacillus novalis
of o -amylase was assayed by using 1.5% soluble E AJ542500 Bacillus vireti
. . 24 AJ542513 Bacillus soli
starch in a range of different pH and temperature % AJ542508 Bacillus bataviensis
. —— MG12

using the methods of Asha et al 2012. o5 L A1237708 Bacillus marinus

Fig: 2. Phylogenetic tree analysis of strain MG12
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Table 1 Identification of microorganism
Physical
Shape Gram positive, rods

Biochemical characteristics

Catalase Positive
Citrate Positive

TSI Positive

Urea test Positive
Methyl Red Negative
Oxidase Negative
Indole test Negative
Nitrate reduction Reduced to nitrite
VP test Negative
Carbohydrate Acid positive
Presence of NaCl up to 7%
Growth at temperature 250C-65C

Hydrolysis of polymer substrates

Starch Positive
Carboxymethylcellulose Positive
Lipid Negative
DNA Negative
Proteins Negative

Fermentation and production of enzyme:

The result on amylase production and growth of
strain MG 12 with 1% starch as substrate is shown in
(Fig 1). The enzyme production and growth were
maximum (11.66U/ml) at 30h and was gradually
decline up to 48h (Fig 3). Readily available carbon
sources are depleted at stationary phase and so
effective induction of enzyme was not observed in
this phase. (Huang et al;2003, Wanderely et al;2004).
o -amylase production by Bacillus flavothermus,
Bacillus amyloliquefaciens and Bacillus sp ANT 6
the biomass and enzyme production was increased
double fold and highest activity was observed after
24h (Kelly 1997.Hillier 1997,Burhan 2003).But

Volume 4, Issue 9, November-December-2019 | www.ijsrcseit.com

incase of Bacillus subtilis AX20 highest enzyme
activity was observed in 34-46h (Najafi et al,2005).

N

Enzyme activity (U/ml)
o
1

AN

Growth (OD at 600 nn)

T
=
in

Tue (h)

Fig. 3 : Time course induction of amylase production
by MG12

The microbe has minimum characteristics in acidic
and alkalophilic conditions. The highest production
of enzyme and bacterial growth was observed at 7.0.
o -amylase have an optimum pH between 6.0 and 9.0
for most of the Bacillus strain (Burhan 2003; Castro
1993; Van-Leeuwen and Patel, 1999). In this study
the strain MG12 showed higher activities o -amylase
(13.89U/ml) at pH 7.0.

Temperature between 25°C and 35°C will give
production of enzymes (Fig 4). Even though the
tested bacteria has the capability to grow in all the
temperature but maximum enzyme activity was
attained at 30°C. Different temperature range were
reported (Bajpai and Bajpai, 1989; Burhan et al, 2003;
Castro et al, 1992; Lin et al, 1998).In this study the
highest growth and production of o -amylase

(13.11U/ml) was at a temperature of 30°C.
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Fig: 4 : Influence of Temperature on enzyme
production by MG12

Starch was replaced by readily available
carbon.Presence of starch induced the production of
enzyme (Fig 5). All other carbon source decreased
the production of enzyme. Glucose will suppress the
production of enzyme (Lin et al.1998). In 1.5%
concentration of starch the strain MG12 showed

highest growth (11.66U/ml).
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Fig: 5. Influence of carbon sources on enzyme

production by MG12

The presence of nitrogen sources significantly
influenced the production of enzyme. Presence of
0.75% yeast extract showed maximum growth and
production (13.89U/ml). Nitrogen sources like yeast
extract and peptone usually have stimulatory effect
on enzyme production (Forgatty and Kelly.1980;
Hamiltton et al.1999; Hewitt and Solomons.1996). In

Volume 4, Issue 9, November-December-2019 | www.ijsrcseit.com

the Presence of 0.2% vyeast extract induced the
production of Enzyme in Bacillus sp BKL 20(Kubrak
et al.,2010)
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Nitrogen sources
Fig: 6. Influence of Nitrogen sources on amylase
production by MG12

Purification and Characterization of amylase enzyme:

MG12 was grown in fermentation media (1000ml)
with all the optimized conditions for 48h.The
supernatant was collected and partial purification by
(80%) yielded 26.01%.

Purification results are summarized in (Table2).

ammonium

sulphate

......

Fig.7 High performance liquid chromatogram of

amylase from strain MG12

Table 2: Results of purification from strain MG12

Purification  Volume Enzyme — Total Total Specifie Yield Fold
Step (ml}) activity activity  protein activity (%a)

(U/ml) (UWml)  (mg) (U/mg)
Crude 960 12.66 12153.6 78721 1.54 100
Exttract
(NH3):504 425 7.44 3162 1020 3.06 26.01 1.98
Fractionation
Sephadex 125 6.33 791.25 112.5 7.033 6.51 4.58
G-50
HPLC 40 5.58 223.2 18 12.04 183 7.9




The relative molecular mass of the enzyme was
found to be 57.26kDa. The molecular weight of
amylase enzyme produced by the strain Bacillus sp
YX was found to be 56kDa (Liu et al., .2008). The

raw starch degrading enzyme from Bacillus
amyloliquefaciens was found to be 58kDa
(Gangadharan et al., 2009).

KDa M 1

205

97.4

66->

€57.26 KDa

43>

29

Fig: 8. SDS PAGE of amylase from MG123

Activity of pH tolerance of amylase enzyme
Optimum activity was at a pH of 8.0. The activity of
enzyme gives an inference to its alkalophilic nature.
Alkalophilic amylase enzymes have proved several
industrial applications.

Activity of temperature tolerance of amylase enzyme
Optimum activity at 55°C at a pH of 8.0. The activity
of enzyme gives an inference to its thermophilic
Alkalophilic

enzymes have proved several industrial applications.
(Fig 9)

nature. and thermophilic amylase
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Fig: 10. Influence of temperature on amylase activity
Activity of cations and anions in amylase activity

The influence of cations and anions on activity of
enzyme was measured in 10mM concentration, and
presence of Fe3* ion gave more activity. This result
indicates that the amylase enzyme produced by
MG12 is a metalloenzyme (Fig 10).
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Fig: 11. Effect of metal ions in amylase activity
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ABSTRACT

Algae biomass has been recognized as a potential and promising feedstock for biodiesel production. However,

the expenses associated with the overall downstream processing steps question the sustainability of algae

biodiesel. With an aim to improve this, a sustainable approach has been explored using lipid extracted algae

biomass (LEB) of Spirulina platensisas the feedstock for biogas generation. The alternate use of LEB for biogas

generation showed the maximum biogas generation of 400 cm3/g of total solids for the total period of 70 days.

The volume of biogas generated under the similar experimental conditions using original algae biomass as

feedstock was in the similar range as observed with LEB. Theoptimistic results obtained from the study

suggested that LEB can definitely be exploited for such applications to improve the overall cost economics of

algae bio-refinery.

Keywords : Algae, adsorbent, biogas, dye, wastewater

I. INTRODUCTION

The world is presently confronting the twin crises of
fossil fuel depletion and environmental degradation.
Indiscriminate extraction and lavish consumption of
fossil fuels have led to reduction in underground-
based carbon resources. Developing countries are in
critical energy crisis. The present energy scenario has
stimulated active research interest in non-petroleum,
renewable, and non-polluting fuels [1, 2].
Alternative resources to the fossil fuels have been
sought to mitigate these issues, and various
renewable resources have been or are being explored
which include solar, wind, geothermal and biomass
resources. Among these renewable, biomass energy
derived from algae is the potential candidate which
can be processed for energy and fuels [3, 4].Algae are

the photosynthetic organisms which derive solar

CSEIT194915 | Published - 21 Dec 2019 | November-December-2019 [ (4) 9:30-33 ]

energy and carbon dioxide from the atmosphere to
form their biomass [5]. They range from unicellular
to multicellular, microscopic to gigantic kelps and
spherical to filamentous. Algae are considered as
good candidate for production of biodiesel due to
several reasons like high photosynthetic effectiveness,
rapid growth, and high biomass productivity [6, 7, 8,
9]. Algae grow faster than fastest growing terrestrial
plant, switch grass. The yield of algae biomass per
acre is 200 times above as compared to the yield of
the finest performing terrestrial plant [10]. Some
algae species can even complete their growing cycle
in few days [11].A lot of work can be found in
literature dealing with the utilization of various
waste materials, such as seed/fruit shells, crop straws,
agricultural wastes, fruit peels, etc. for various uses.
The production of biogas from various waste

materials has also been investigated in many studies

[ 30 L
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reported in literature. Very little information on
similar applications of residual algae biomass left
after biodiesel production have been reported. A
huge amount of residual biomass is left after oil
extraction and transesterification. The efficient and
eco-friendly utilization of this biomass is essential to
overcome the problem of solid waste disposal, which
as a result also enhances the sustainability of

biodiesel produced.

II. MATERIALS AND METHODS

A. Materials

The algae biomass of Spirulina platensis (ASP) in
dried and powdered form was procured from the
local supplier. The gas samples collected from the
digester were analyzed using gas chromatograph
(Agilent Technologies 7890 A Agilent GC system)
equipped with thermal conductivity detector and
Porapak Q column at 250°C and 25°C respectively.
The pH of the digestor contents was determined
802) and was

maintained using diluted hydrochloric acid or

using a pH meter (Systronics

sodium hydroxide.

B. Methods

e Pretreatment of lipid extracted algae biomass
(LEB)

For the study, the LEB which is lipid extracted algae

biomass of Spirulina obtained after in-situ
transesterification of algae biomass for biodiesel
production, was utilized as a precursor feedstock for
the generation of raw biogas. The biomass of LEB
was collected, washed with water with an aim to
remove any unwanted chemicals which was
followed by the sun drying. The LEB was then
treated in a hot air oven for further drying, grounded
and finally sieved (50-100 BSS mesh). The final
product was now used as feedstock for biogas

generation.
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e Experimental set-up

The experimental setup consisted of three plastic
containers (Fig. 1) 7 litres each, as batch digesters to
carry out anaerobic digestion of the substrate for
biogas generation. The biogas generated was
collected and measured via water displacement
method. The LEB collected used as a substrate for
biogas generation. The original algae biomass (ASP)
of Spirulina, was also used as a substrate to compare
the findings with those obtained with LEB. The
proximate analysis of the substrates was conducted to
determine the volatile matter and the total solids
present in them. The total working volume of the
digester was maintained as 4 litres while the total
solid content for the digestion was kept at 10%. The
digester was initially fed with the fresh cow dung for
starting up the digester, as cow dung has inherent
bacteria which are essential for anaerobic digestion.
This time period between the feeding of the digester
with cow dung and start of smooth stable operation
of the digester was achieved in about 25-30 days.
After achieving the stable conditions, as indicated by
no further generation of biogas from cow dung
present in digester, the substrate slurry along with
the inoculum was added to the reactor. The pH of
the digester was maintained at 7. The inoculum
concentration was kept at 10 % to the total working
volume of digester. The substrate slurry was
prepared by mixing it with water in the ratio of
The

experiments were performed for the total period of

3:1(water: substrate on weight basis).
70 days and the temperature of the digester was
maintained at 35 + 2°C with the help of heating tape.
The gas samples were collected every 3-4 days and
analyzed using gas chromatograph (Agilent
Technologies 7890 A Agilent GC system) which was
equipped with thermal conductivity detector and

Porapak Q column at 250 °C and 25 °C respectively.

3 L




Gas collecting unit using water
displacement method

Fig. 1. Pictorial view of biogas reactor
III. RESULTS AND DISCUSSION

Table 1 shows the composition of air-dried biomass
samples of ASP and LEB. The percentage of volatile
solids present in both the biomass were found to be
in considerable amounts making them quite useful
as the substrates for biogas generation. Figure 2
shows the comparison of variation of biogas
generation with time (days) using ASP and LEB as
substrates. It can be observed in both the cases that
initially biogas production was slower but after 15
days the generation became significant which
continued until 45 days and then reached
equilibrium. After the period of 45 days, the biogas
production became stagnant due to the decrease in
available nutrients in the medium which could
have disturbed the growth of bacteria, thereby
affecting the biogas production Figure 2. also shows
that the volume of biogas generated under the
similar experimental conditions using ASP as
feedstock was in the similar range as observed with
LEB. The maximum production of biogas obtained
was 400 cm?¥/g of total solids for the total period of

70 days using LEB as a substrate.

Table 1. Composition of air-dried feedstock for
biogas generation

Parameters (%) ASP LEB
Moisture 5.2 7.42
Total solids (TS)  94.8 92.58
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Volatile solids 70.4

(%age of TS)

74.41

IV. CONCLUSION

The alternate use of LEB for biogas generation
showed the maximum biogas generation of 400 cm3/g
of total solids for the total period of 70 days. The
volume of biogas generated under the similar
experimental conditions using original algae biomass
as feedstock was in the similar range as observed
with LEB. Henceforth, summarizing the entire
results of the study conducted it can be concluded
that algae biomass left after lipid extraction for
biodiesel reduction has the immense potential to be
the alternate feedstock for biogas generation. It can
the that the

questioning the sustainability of algae biodiesel can

concluded from study factors
be reversed by focusing the research on utilizing the
remaining carbon and hydrogen in the biomass for
energy generation and secondly by extracting the
value added products from the remaining biomass,
thus reducing the overall downstream processing
costs of biodiesel production and strengthening its

economic viability.
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ABSTRACT

Zn0O-NiO nanocomposite(NC) has been synthesized by co-precipitation method. This ZnO-NiO composite
has been characterized by using, x-ray diffraction (XRD), scanning electron microscope, (SEM). The
synthesized composite exhibited a good sensing property and applied for the electrochemical detection of a
neurotransmitter, dopamine (DA). ZnO-NiO modified carbon paste electrode (MCPE) showed good catalytic
property towards the oxidation of DA. The developed nanocomposite sensor offered high catalytic activity in
sensing the dopamine MCPE application in the development of biosensors. The electrochemical responses of
5x10-5 M DA and recorded voltagramm at the potential range of -0.2 to 0.6 v vs. SCE in the 0.2 M phosphate
buffer of pH 7.2 by Cyclovoltametric technique for both bare carbon paste electrode (BCPE) and MCPE. A
good linearity has been observed between scan rate (v) and redox peak current for ZnO-NiO composite
MCPE with correlation coefficients of R = 0.97811. These results indicated that electron transfer reaction is
adsorption controlled. Therefore, ZnO-NiO nanocomposite could serve as an alternative material as sensor
material for the electrochemical detection of dopamine.

Keywords : Dopamine, Nanocomposites, Modified Carbon Paste Electrode, Cyclic voltammetry.

I. INTRODUCTION offered high catalytic activity and blended oxide
permit the possibility of tuning their materials

roperties according to the necessity for novel
The scenario at present across the globe is paying P p ) & ) Y ]
. L . application [7-12]. Numerous mixed metal oxide
much attention for sensitive detection of the ] ) )
. . nanoparticles, among that mixed ZnO and NiO
neurotransmitters. There has been considerable ] ) )
. ) . . . nanocomposites (ZnO-NiO’NCs) got extraordinary
interest in developing electrochemical techniques

L interests because of its lower expense, higher
have been proven to be significantly advantageous to o ) ) o 7

selectivity, high catalytic activity and the modification

of an electrode with ZnO-NiO’ NCs can shift
of biomolecules [1-6]. Among different semiconductor ) . )
) : ) voltametric peaks in an analytically useful manner
metal oxide materials as the nanocomposite sensor ]
[13-20]. Dopamine (DA) belongs to a member of the

biosensors and sensing the electrochemical detection
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catecholamine family it is a neurotransmitter plays an
important role in the functions of the central nervous
system and neurological disorders [21, 22]. The
amount of dopamine decrease in the brains of patients
causes Parkinson's disease and DA played an
important role like neurotransmission involves the
conversion of an electrical impulse to a chemical
event [23, 24]. The developed mixed oxide ZnO-NiO
nanocomposites by precipitation method are used for

MCPE to study voltametric detection of DA.

II. EXPERIMENTAL

A. Materials and Methods

The sodium hydroxide, NaH2PO4 Na:HPOs, triton X-
10, Dopamine hydrochloride, graphite powder,
silicone o0il, Zn(NOs)2.6H20 and Ni(NOs). 6H20
were purchased from SD Fine chemicals, Mumbai,
India. The stock solution of 25 mM of dopamine was
prepared in 0.1 M perchloric acid, phosphate buffer
of pH 7.2 prepared in double distilled water.

B.  Preparation of ZnO-NiO nanocomposite
Co-precipitation method has been followed for the
preparation of ZnO-NiO nanocomposite. To the
cleaned beaker 0.1 molL! of 1:1 Zn(NOs)2.6H20 and
Ni(NQOs)2. 6H20 were dissolved in water about 40
molL ! triton X-100 was added as capping agent. The
NaOH (precipitant) was added slowly to the stirring
solution until precipitate appears. The resultant was
centrifuged, dried and then powder was further
heated to 140°C.

C. Instrumentation

CH Instruments, Austin, USA (CHI 660D) was used
for the measurements of cyclic voltammogram. A
conventional three electrode system was employed,
which consists of a ZnO-NiO modified carbon paste
electrode as the working electrode; a saturated
calomel electrode (SCE) (reference electrode) and
platinum wires (auxiliary electrode) to measure
current. XRD patterns were obtained on a Bruker
D:Phaser XRD system. SEM was studied using
scanning electron microscope (JEOL JSM 840).
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D. Preparation of BCPE and ZnO-NiO’ncs MCPE

The bare carbon paste electrode (BCPE) was prepared
by addition of appropriate amount of silicon oil and
graphite powder and mixed in a mortar to develop a
homogenous mixture. The paste was then packed to
teflon tube and then smoothed on a emery paper.
The copper wire was pierced in to it, dried and used.
In the same way ZnO-NiO composite was added
appropriately and fabricated ZnO-NiO modified

carbon paste electrode.

III. RESULTS AND DISCUSSION
A. Characterization of ZnO-NiO’NCs

The prepared ZnO-NiO’NCs has been subjected for
XRD studies, and the XRD pattern is shown in
Figure.l. The diffraction peaks like 31.7, 34.4, 36.2,
47.4 are the peaks attributed to ZnO (JCPDS file 80-
0075) nanoparticles. On the other hand, it is clear
from the diffraction peaks at 43.2, 62.8, 75.1 for NiO
(JCPDS -78-0429). The dominance of ZnO over NiO
is clearly seen. XRD also shows that ZnO-NiO’NCs is
a mixture of two phases: a ZnO-based wurtzite phase
and a NiO-based cubic phase with the rock salt
structure this confirms the formation of ZnO-
NiO’NGCs [25]. The sharp diffraction peak in the XRD
pattern indicates the crystalline nature and the
average crystallite size were found to be 14 nm.
Figure.2. shows the SEM micrographs of ZnO-NiO. It
demonstrates the interconnected ultrafine particles

with nano-sized dimension with agglomeration.
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Figure 1. XRD pattern of ZnO-NiO’NCs
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Figure 2. SEM micrographs of ZnO-NiO NC
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The chemical composition of ZnO-NiO’NCs was
studied by EDX examination. Figure.3. shows EDX
spectrum of ZnO-NiO NCs with the insight of wt%
of the elements. The compound investigation of the
measured by EDX

examination demonstrates that just Zn, Ni and

arranged nanocomposites

oxygen signs have been distinguished, which
demonstrated that the nanocomposites are for sure
comprised of Zn, Ni and oxygen.
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Figure 3. EDX pattern of ZnO-NiO NCs

B. Electrochemical study of DA at BCPE and ZnO-
NiO NCs MCPE

The CV studies of 5x10°M DA in the potential range
of -0.2 to 0.6 V in the 0.2 M PBS of pH 7.2 were
measured at ZnO-NiO’NCsMCPE. The comparable
peak potential differences AEp 0.1136 V for the ZnO-
NiO’NCs MCPE are shown in Figure 4. At the BCPE
the Epa 0.1046 V and the anodic peak currents
significantly increased at the ZnO-NiO’NCs MCPE
with the anodic peak potential 0.1100 V respectively.
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Figure 4. CVsin 0.2 M PBS, pH 7.2 at BCPE and
Zn0O-NiO’NCs MCPE of DA with scan rate 50 mV s-L.

The result indicates ZnO-NiO’NCs exhibit good
electrocatalytic activity than BCPE. Based on the
Table .1 results from this study, it is very clear the
metal oxide can be effectively used as alternative
MCPE for electrochemical sensor for the detection of
dopamine and DA undergoes oxidation to form

dopaquinone as shown in scheme 1.

Table 1. Comparison of the corresponding peak
potential differences AEp of different modified

electrodes of various metal oxides synthesized

Synthesis =~ AEp, Techniq Referenc
Electrode
method \% ue es
CuO/MC Hydrother 0.140
Cv 26
PE mal 5
TiO2/MC  Precipitatio 0.048
Ccv 27
PE n 7
ZnO-
Hydrother  0.047
CuO/MC Cv 28
mal 3
PE
NiO/MCP Hydrother 0.114
Cv 29
E mal 5
GO- "
Modified 0.080
CuONCS/ Ccv 30
Hummers 2
MCPE
ZnO/MC Hydrother 0.081
Cv 31
PE mal 6
ZnO-
: Precipitatio 0.113 Present
NiO/MCF CVv
B n 6 work
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Scheme 1: Plausible mechanism of oxidation of
dopamine

C. Effect of scan rate

The result of scan rate influence on the CV studies
for peak current of DA in PBS at pH 7.2 at ZnO-
NiO’NCs MCPE. Figure. 5 show an increase in the
redox peak current I 4.8 A at a scan rate of 0.005—
0.250 V st for ZnO-NiO’NCsMCPE. The graph
obtained exhibited good linearity between the scan
rate and the redox peak current (Figure. 7) for the
ZnO-NiO’NCsMCPE with correlation coefficients of
R? 0.978, which indicates that the electron transfer

reaction was adsorption -controlled process.
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Figure 5. CVs of MCPE in 0.2 M PBS containing
5x10-5 M DA at different scan rates.
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Figure 6. Graph shows the linear correlation

between the Ipa and scan rate.
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D. Interference study

The determine of several extraneous species as
interfering compounds with the study of DA in DHI
solution was investigated and allowance limit is
defined as the wupper limit concentration of
interfering species that cause an estimated relative
error of +5% for the finding of DA. After the CV
studies, we found no major disturbance for the
finding of DA in the chosen compounds CaCl24000
pM, NaCl 4000 pM and KClI 5000 pM.
Electrochemical response as the peaks remains
unchanged after successive 20 cyclic voltammetric

scans, confirms ZnO-NiO /MCPE has good stability.

IV. CONCLUSIONS

Simple co-precipitation method has been used for the
synthesis of ZnO-NiO metal oxide nanocomposite
and characterized by different analytical techniques.
This nanocomposite has been used as modified
carbon paste electrode for the electrochemical
detection of dopamine. ZnO-NiO nanocomposite
exhibited enhanced sensing property compared to
ZnO nanoparticle alone. The composite exhibited no
interference in tables during dopamine sensing. It is
expected that it’s good electro catalytic behavior the
ZnO-NiO’NCsMCPE application in the development
of biosensors and electro analytical chemistry. Due to
the high stability and repeatability of the ZnO-
NiO’NCsMCPE, it has the potential for the future

development of nano sensors for clinical research.
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ABSTRACT

Zinc oxide nanoparticles (ZnO NPs) were prepared using zinc nitrate and Sterculia foetida (S. foetida) leaf

extract as fuel by solution combustion method at 400 oC. The obtained material was characterized by UV-Vis,

FT-IR, powder X-ray diffraction (PXRD), Energy dispersive X-ray analysis (EDAX) spectroscopy and

morphological studies were carried out by scanning electron microscopy (SEM) and transmission electron

microscopy (TEM). The PXRD result shows that, the average size of the synthesized ZnO particles are 20.38
nm. The band gap of the ZnO NPs was found to be 3.29 eV. The SEM image shows the ZnO NPs are spherical
in shape and agglomerated. The photocatalytic activity of ZnO NPs was examined by degradation of

Methylene blue (MB) under UV light irradiation.

Keywords : ZnO nanoparticles, Methylene blue, Photocatalytic activity.

I. INTRODUCTION

There are many organic compounds hazardous to
human and animals such as dyes, pesticides and
herbicides released from various industries without
any treatment directly in to sea, lake and river water
leads to water pollution. Water pollution is one of
the most significant problems in the world, since it
has an inauspicious effect on the water living
organisms and human health [1]. Some standard
techniques [2] engaged for the removal of aquatic
pollutants suffer from several drawback like more
cost, sludge of toxic compounds, environmental
pollution and others. The organic wastes, such as
dyes, drugs, etc. from aqueous media are degraded
using semiconductor materials such as zinc oxide
(ZnO) nanoparticles by photocatalytic technique [3].
The band gap energy of ZnO is 3.37eV and has
innumerable applications due to its nano and
[4-6]. It has

microstructural properties found
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propitious applications in solar cells, gas sensors, UV-

absorbers, electronic batteries, etc. [7-10]

There are various techniques employed to synthesize
ZnO nanoparticles such as hydrothermal, sol-gel,
[11-13]. The

nanoparticles synthesized using plant extracts, i.e.

microwave, wet chemical method
green synthesis methods are simple, eco-friendly and
non-toxic. C. paradise outer peel extract was used to
synthesize ZnO nanoparticles, photocatalytic activity
of the above ZnO nanoparticles was carried using
methylene blue (MB) dye and it showed 56%
degradation efficiency after 6h illumination time
against MB dye [14]. The dye sensitized solar cells
(DSSCs) use TiO2 as a photo anode material to
achieve high efficiency. Recently, ZnO nanoparticles
have been substituted in the place of TiO2 as a photo
the
efficiency up to 6.8% [15]. To achieve high efficiency

anode material, ZnO nanoparticles shows

in DSSCs, ZnO nanoparticles structure and size

modification is required.
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The present work aims for the synthesis of ZnO
nanoparticles using Sterculia foetida leaf extract. S.
foetida belongs to Malvaceae family. It is found in
Europe, Africa and Asia [16]. S. foetida
inflammatory activity as a CNS depressant [17], anti-

has anti-

obesity [18], anti-fertility [19], anti-oxidant [20]. The
synthesized nanoparticles were characterized by
various techniques such as UV-Vis, FTIR, PXRD,
SEM-EDAX and TEM to check the presence of ZnO
and to know about the size of the nanoparticles. The
photocatalytic activity was carried out using
methylene blue (MB) in presence of UV-light, the
degradation efficiency was noticed at various time
intervals, decrease in absorbance with time has been

recorded.

II. MATERIALS AND METHODS

A. Chemicals Required

Zinc nitrate hexa hydrate and methylene blue were
purchased from Himedia Laboratories Pvt.Ltd with
99% purity.

B. Preparation of leaf extract

The Sterculia foetida leaves were collected from
Bangalore, Karnataka, India. The dust particles were
removed by washing it with water and dried in the
absence of sun light at room temperature. Then the
leaves were powdered mechanically using mixer

grinder, sieved and subjected to extraction through

Soxhlet apparatus using deionized water for 68 hours.

The obtained aqueous solution is concentrated using
rotary flash evaporator at 40+5 °C under reduced
pressure (Buchi, Flawil, Switzerland), then it is dried
in hot air oven at 55-60°C, from the dried crude
extract small amount is used for the synthesis

nanoparticles.

C. Synthesis of ZnO nanoparticles
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The ZnO nanoparticles were prepared by solution
combustion method using aqueous leaf extract of
Sterculia foetida as a fuel. In this process 0.1g of
crude dried aqueous leaf extract of Sterculia foetida
and stoichiometric amount of zinc nitrate hexa
hydrate was dissolved in 10ml of distilled water and
constantly stirred for 10 minutes to get homogeneous
mixture. This reaction mixture was kept in a muffle
furnace for 10 minutes maintaining the temperature
of the muffle furnace at 400+10°C. The material was
removed from muffle furnace, cooled to room
temperature and the obtained dirty white colored
powder sample was stored in airtight container till
further usage [21].

D. Characterization
The UV-Visible spectrum of the synthesized ZnO

NPs measured by UV-2301 (Techcom)

spectrometer. FT-IR spectrum was recorded organic

‘was

and inorganic constituents in wavelength ranging
from 500-4000 cm™ using IS5 (Thermo Fisher).
EDAX analysis was carried out in OXFORD XMX N.
PXRD was done in a Panalytical X’pert pro MPD Cu-
Ko using nickel filter (1.541A). SEM analysis of
synthesized nanoparticles
(TESCANVEGA3) instrument. The exact size of the
TEM
photocatalytic

was carried out by

nanoparticles found  through
(Jeol/JEM2100) The

activity was done under UV light and the absorbance

‘was

instrument.

was measured.

E. Photocatalytic activity

The dye methylene blue was taken for the
Photocatalytic activity study of the ZnO NPs
synthesized using the leaf extract of Sterculia foetida.
15 mg of ZnO

nanoparticles was added to 10 mL dye solution of

In this degradation process,

methylene blue. At a wavelength of 660 nm, the
absorbance spectrum of the solution was monitored
at different time intervals by using UV-Visible

spectrometer.
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III. RESULTS AND DISCUSSION

The UV peak was observed at 300 nm for ZnO
nanoparticles, phytochemical constituents present in
the Sterculia foetida leaf extract acts as an reducing
the

nanoparticles. The broad absorption peak at 300 nm

agent during formation of =zinc oxide
indicates the reduction of Zn?" ions that is confirmed
the formation of zinc oxide nanoparticles portrayed
in Figure-la. The FT-IR spectrum was recorded for
Sterculia foetida leaf extract mediated green
synthesized ZnO NPs given in Figure-1b. The broad
peak at 3350 cm! and 2800 cm! shows the stretching
vibrations of N-H groups, which indicates the
presence of amino group [22]. The peak at 1650 cm!
assigned for the asymmetric stretching vibration of
metal chelated carboxylic groups. The peak observed
at 1300 cm? assigned for the asymmetric and
symmetric stretching vibration of —CHs groups. The
peak observed at 800 cm™ confirms the presence of
compounds such as poly phenols, carboxylic acid,
amino acid and protein [23]. The Powder X-ray
diffraction spectroscopy (PXRD) also confirms green
synthesized ZnO NPs using Sterculia foetida leaf
extract shown in Figure-2. The perceived reflection
lines around at 206=31.8°, 34.47°, 36.25°, 47.4°, 56.6°
and 68.0° were assigned to (100), (002), (101), (102),
(110) and (103) respectively. In addition, the average
crystallite size of ZnO NPs was calculated using the
Debye-Scherrer formula [24].

D=kN/Bcosd

Where D, k, A, 0 and P are crystalline size, shape
factor, wavelength of the X-ray beam, diffraction
angle and full width half maximum (FHHM) of the
peak respectively. The calculated crystallite size was
found to be 20.38 nm.
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Figure-2.PXRD analysis of ZnO NPs

The EDAX spectra of green synthesized ZnO NPs
using S. foetida leaf extracts are shown in Figure-3.
The zinc and oxygen peaks present in the EDAX
spectrum confirms the formation of ZnO NP. The
involvement of phytochemical groups was indicated
by the carbon peak [25]. The SEM images are shown
in Figure-4, synthesized ZnO NPs are spherical in

shape and they have shown a number of aggregations
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of nanoparticles due to binding with plant extracts.
225

TEM images are shown in Figure-5 which also

portrayed the shape of the nanoparticles were in P~ —Omin |
a ey mins|
spherical with the size in range of 20-51 nm [26]. 150 —r ]
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Figure-3. EDAX spectrum of ZnO NPs

Methylene blue (MB) dye was taken to evaluate the
photocatalytic activity of green synthesized ZnO NPs
using S. foetida leaf extracts. The absorption spectra
of MB solutions in the visible light was recorded and
shown in Figure-6. The absorption peak of MB was
appeared at 660 nm. The peak becomes weaker as the
irradiation time increases this indicates the
degradation of the dye molecules in the aqueous

solution. The degradation efficiency of the

synthesized ZnO NPs against MB is calculated by
Figure-4 SEM image of ZnO NPs using the following formula [27].

Degradation Efficiency %=Co-C/Cox100=Ao-
A/Asx100 Co is the initial concentration of the dye in
the aqueous solution at the time t=0; C is the residual
concentration at time t. Relative absorbance=A/A.,
the initial absorbance of the dye solution was
represented as Ao and the absorbance after UV

irradiation was represented as A.

Figure-5 TEM morphological images of ZnO NPs IV. CONCLUSION

The solution combustion method has been
successfully employed for the synthesis of ZnO NPs
using Sterculia foetida leaf extract. The UV-peak
observed at 300 nm confirmed the formation of ZnO
NPs. The crystallite size of ZnO NPs was found to be
20.38 nm through PXRD. The agglomeration of ZnO
NPs was found in SEM images. TEM images confirm
the size of ZnO NPs are in the range of 20-51 nm.
The degradation efficiency of green synthesized ZnO
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NPs

against methylene blue exposed their

remarkable photocatalytic property.

[8].
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ABSTRACT

This research paper deals with the improvisation of philosophy of traffic signal cycle time design based on
IRC:93-1993 guidelines, which is based on two fundamental parameters i.e. peak one hour traffic flow and
recommended saturation flow values obtained from field observations. Webster method is used in the signal
design process assuming homogenous traffic as prevailing in developed countries. volume and saturation flow
is converted to PCU values. In India the traffic is heterogeneous and this would result lot of unused green
time and due to idling of vehicles leading to fuel wastage causing air pollution. Hence, it is proposed to
introduce totally a new concept of signal design based on variable traffic volume and variable saturation flow
values for each road separately obtained from field studies. These values are installed in the Embedded
System of the signal system. The actual signal cycle time, green time and Red time for prevailing traffic
volume and saturation flow values at any given time of the day is calculated based on Program installed in the
chip. This signal design concept is innovative in nature and avoids excess unused green time for each signal
cycle for the entire signal operation period in a day thus resulting in less emission followed by reduction in
air pollution.
Keywords : Delay, traffic volume, saturation flow, optimum signal cycle time, air pollution, Embedded
System

I. INTRODUCTION only peak hour traffic volume collected from the
field and recommended saturation flow values from

Bengaluru city has more than 350 signalized the standard tables. This fixed value of both the flow

the

varying road geometrics, variable traffic flow and

junctions. All signalized junctions have the traffic parameter is used in the design of signal

phases for all roads of the junctions. This results in

composition, saturation flow characteristics and
pedestrian flow across all roads. Traffic flow varies
from morning to night making it difficult for the
design of signal cycle time. The variation of traffic
volume across any junction is figure and this is
observed at all junctions in the entire city. It is
common practice that the signals are designed based

on IRC: 93-7993 guidelines [!l. This code considers
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lot of unused green time of the signal phases
resulting in ineffective use of green time. As the
demand for green time varies with the traffic volume
and in effective use of green time followed by long
waiting time for all the vehicle at the junction.
These further results in wastage of fuel thus
increasing in air pollution. This happens at all

signalized junctions in Bengaluru, and this may be
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overcome by using an alternate method of signal
design by considering variable flow parameter in
signal design equation each time in a block period of
5 minutes. The data for each cycle is drawn from
memory of the chip installed in the signal system and
each time in block period of five minutes the
relevant equations are used for the calculation of
green time. The installed embedded system in the
signal unit draws the traffic data from the memory
chip board and the actual cycle time required is
calculated and apportioned into green time required
for each road separately. Then the signal phases
allocate the green time in proportion to actual traffic
volume and saturation flow for every five minutes
increment of time, from the time the signal is on in
the morning to night. On an average at each
junction about 50% of green time is saved in a day

for a block period of 5 minutes.

II. Literature Review

Extensive research has been carried out by many
Researchers in determining the loss of time or delay
at signalized junctions and emissions during waiting
for green phase. The reduction in operating speed or
waiting at signalized junction is found to increase the
fuel consumption, standing delays to vehicles and
road users followed by atmospheric air pollution.
Following is the brief account of the different types
of Research work done in the field of signal design
especially in India and also across many countries for
both homogenous and mixed traffic conditions.
Vehicle emissions are found to cause a lot of health
related problems among people due to long time
exposure in polluted air at junctions during peak
hours of traffic. A detailed account of the studies
carried on environmental impact followed by health
related problems.

i) According to California Department of
Transportation (Caltrans Varaiya, 2001), if the
average speed drops below 35 mph for 15 minutes or
more it is defined as congestion whereas in

Minnesota, freeway congestion is defined as traffic
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flowing below 45 km/h for any length of time in any
directions (Bertini, 2006). In South Korea, Korea
Highway Corporation (KHC) identifies congestion
spots where vehicle speeds fall below 30 km/h or
traffic congestion continues longer than 2 hours a
day that is occurring for 10 days a month. In Japan
traffic congestion is defined with respect to free way
speed i.e. if freeway travel speed falls below 40 km/h,
if there are repeated ‘Stop-and-Go’ flows for more
than 1 km, or if these conditions stay more than 15
minutes. This has been reported in the technical
article by Geetam Tiwari (2!

ii) According to Weisbrod and Dewees (1978).,
Traffic congestion is a condition of traffic delay
because the number of vehicles trying to use the road
exceeds the traffic network capacity to handle. A
simulation program was used successfully in terms
of high accuracy of classifying the road as estimating
the external time costs that an additional vehicle
using a congested city street imposes on other
motorists on that street. This is useful in estimating
the burden of congestion on general public and this
is reported by Prasanna Kumarf®!.

iii) Roy™ et. al. (2011) worked on a novel and
interesting way to detect the congestion on the
urban arterials in India. They suggest using a Wi-Fi
signal emitting device and a receiver across the road
to identify the congestion. This method was found
suitable for congested or free flowing roads. Sun Ye
(2012) studied congestion charging practice in
Singapore and London and developed a scientific
plan for public transportation development. Another
research was also conducted for Dhaka city;
Bangladesh (2013), estimated congestion cost for a
year was USD 3.868 billion that includes the cost of
environment damage, vehicle operating cost, social
cost, travel time cost etc.

iv) Nithya Swaminathan et.al have attempted to
design traffic signal cycle timing using simulation
technique, based on vehicle actuation that has
resulted in 28% savings in time in the form of
standing delay compared to fixed time signals.

v)) Bengaluru Traffic Police are working on VAAS-
Vehicle Actuated Adoptive Signals on Outer Ring
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vii)

Road near K.R. Puram and Om Shakthi Temple
junction. The real effectiveness of the modified
method of signal design based on vehicle actuation is
still under observation for further extending the
system to other junction locations. The problem
with the vehicle actuated signals is that, if in five
minutes there are about 120 vehicles arriving on a
particular road, then the mean time of arrival is two
and half seconds. Fixing this time interval is always a
problem in mixed traffic situations. This information
is reported by Traffic police in the Annual Report.

vi) Snigdha. S. S (Dissertation Report, DSCE-
Bengaluru-78, 2015) has worked on System Delay
that is defined the total loss of time at the junction
is about 1500 hours

per day during signal operating duration of 15 hours

in the form of standing delay

in a day. The reason for the delay is attributed to the
split green time for major roads that results in
queuing on major a road as turning of vehicles not
allowed during bi-directional vehicular moment.
This makes the signal system less efficient. The
saturation flow is also found to vary with respect
volume of traffic. But this is assumed to be constant
in all signal design methods.

vi) Studies conducted (Project Work, DSCE,2019) at
one of the busy signalized intersection on Ring Road
near Kamakya Theatre indicates that the green phase
of the two opposite minor roads is in excess of 50 %
as required for the actual traffic volume and
saturation flow conditions. It also indicates, the
number of signal cycles can be increased from
present 324 to 560, almost 80% more than in a day.
This indicates, the signals designed based on IRC
recommendations may not be very real indicative of
the requirement green time for any road in a day
during signal operation time. Also, the green time
allocated is more than what is required for main
roads provided for simultaneous traffic movement.
The total cycle time may be reduced from 150
seconds to 90 seconds at any given point of time.
Snigdha .S.S PlIt is estimated that for a medium flow
at the junction carrying 65,000 to 75,000 mixed
vehicles per day, there is an estimated 1500 hours of

delay per day. On the other hand if dynamic or
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variable traffic volume and variable saturation flow
condition are applied and signal phases are designed
then , it is possible to save about 50% of the loss i.e.
about 750 hours per day. This also amounts to
savings of enormous amount of fuel per day in one

junction.

3. Effect of Vehicle Emission on Air Pollution and

Impact on Public Health

Extensive studies are already conducted across
various places about the ill effects of air pollution on
human health as reported in references [10,11 and12].
Bengaluru is the 5% largest metropolitan city of
India’s and branded as one fastest growing
metropolises in the world has a rapidly deteriorating
environment due to ill planned and inadequate
public transport system and road network. The city
Transport Service has only between 6,500-7,000
public buses to carry 45% of the city's traffic.
Bengaluru has 80 lakhs as registered vehicles under
the non-transport category, of which 55 lakhs are
two-wheelers. According to KSPCB data, vehicular
emission is the dominant source (42%).Bengaluru in
this sense poses more of a risk, as several reports have
said that the city traffic is the slowest in the country
and commuters in the city on an average spend as
much as 7% of their time on the road due to poor
road network, bad road condition and high density
of traffic. In 2005, traffic moved at the speed of 35km
an hour; in 2014, it had slowed down to 9.2km.
Today, at peak times, the speed is just 4-5km on the
city's key Outer Ring Road. At traffic junctions, the
wait time is more than five minutes when it should

ideally be not more than two-three minutes.

i) According to KSPCB data, PM2s and PMu
particulate matter values have exceeded the National
Ambient Air Quality Standards (40 pg/m3) by 3% to
45%, at junctions due to vehicular traffic increase in
The PMio values have also
National Ambient Air Quality
Standards (60pg/m3) by 30% to 120% at junctions.
Medical expert opine that particulate pollution gets
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absorbed into the bloodstream within a few minutes

and is responsible for blocking the arteries
leading to heart attacks.

ii) The city has witnessed a phenomenal growth in
vehicle population without commensurate increase
in either the road space. The WHO ranks air
pollution as the 13th leading cause of world-wide
mortality, with 527,000 people annually dying
prematurely in India due to air pollution. Bangalore
is experiencing varying levels of pollution with
certain areas having either high or critical levels of
the pollutants analysed by Karnataka State Pollution
Control Board study. The critical levels of Particulate
Matter are likely to have a damaging effect on the
health of the citizens in Bangalore that may result in
a tremendous burden on the public health system.
Also this is affecting the skilled young human
resource. This issue of health impact due to air
pollution should be addressed by effective and
practical measures. The major pollutants constituent
is PM2sand PMio that indicates the mean diameter of
particles present in the air that enters through the
repository track and gets deposited along wind pipe
(Alveolar Region) of the lung. Keeping all the above
pints in view, it is absolutely necessary and essential
to carry research for immunizing vehicular emissions
at junctions by adopting an innovative and advanced
method of signal design that can cater to the signal
cycle to satisfy variable mixed traffic volume

followed variable.

4. Comparison of Existing Method and Proposed
Method of signal Design

In the proposed method of signal design the traffic
volume and saturation flow data is stored in the
Excel sheet format with respect to time of the day in
a block period of five minutes and the program
draws these values and uses in the equation for
calculating optimum cycle length for the junction
and apportioned in the proportion of the respective
traffic volume on respective roads, including time for
pedestrians and Amber time. The complete signal

design process is depicted in the following figures.
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Fig 1 Plot of Traffic volume Vs Hour of the day
indicating variation with respect to time of the day,
calculation of signal cycle time for peak hour of the
day and calculation of peak hour traffic volume by
four fifteen counts and averaged for one hour is also
shown to calculate the peak hour design traffic
volume. For a given junction it may be either
morning or afternoon peak as the case may be. In the
present method the design volume is taken every

block period of five minutes for the design of signal

cycle time to be more on realistic side.
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Fig 2 provided below shows the IRC method of
calculating the saturation flow and for a given road
width this value is assumed as a constant. The initial
lag time during starting delay is normally 2 to 3
seconds is indicated as x’. In the tail end of the curve
‘y’. Here ‘y’ indicates saturation head way and at the
end of this the vehicles flow freely till the end of
green time. In the present modified method, the
saturation flow is considered as a variable for
calculating value green time in a block period of five

minutes.
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Fig 3 provided below shows the variation of
saturation flow in mixed traffic flow situation. This
shape of the curve is as observed in the field during
data collection. The curve is obtained in a different
fashion, as the field data indicates the domination of
two wheelers in the accumulated during red phase of
the signal in the front and during the green phase
the vehicles accumulated would clear fast and hence
the observed volume of vehicles the beginning of
the green phase and slowly reduces to a minimum.
At the end of the green period the vehicles are under
free flow condition. That is one vehicle following
the other and this condition is called as saturation
headway. In traffic system the free flow of vehicles
should never be allowed as it may result in rear end
accidents due to sudden change to red phase. In the
present method this question does not arise as both
the volume and corresponding saturation flow are
taken as a mean of three values and signal time is
calculated as just what is needed for the vehicle
volume and corresponding saturation flow value.
This would not result in excess green time that may

result in free flow like condition.

Stepped value of volume in a block period of five
Minutes for signal cycle time calculation and
apportioning it to all the roads in proportion to the
volume of vehicles waiting for clearance would
result in lowest value of green time for each road and
the excess of green time would be minimum for each
block period of five minutes. This is also indicated in
the

volume in a bloc period of five minutes. This method

Fig (1) which shows the variation of traffic
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would totally eliminate the excess of green time due

to fixed traffic volume and saturation.

5. Traffic Data Collection and Analysis

This includes study of signal phases from morning to
evening for probable change in cycle time during
peak hours, study of traffic volume and saturation
flow for three cycles in a block period of 15 minutes.
Unused green time based on saturation headway as
indicated in the figure. Saturation headway is the
time headway or inter-arrival time between
successive vehicles arrival after platoon movement
ends and the vehicles move one behind the other
which is termed as lean flow during the end of
saturation flow. This value varies from time to time
depending on the total number of vehicles that have
accumulated during red time and the traffic volume

of the road under consideration.

6. Signal Phase Design Based on Webster Method

Based on values of normal flow, the ratio, y — 2 are
5

determined on the approach roads. In case of mixed
traffic, the different classes of vehicle volume may
have to be converted by multiplying by appropriate

PCU values to get volume in PCU. The optimum

__ 1.5L+5
Co= 1-Y

signal cycle is given as,

Here, L =2n+R and ‘R’ is phases the total lost time
per cycle in second, ‘n’ is the number is of phases for
the junction and for square junction (usually this
value 4 for a typical junction that is considered for
study), R is the all red time or red-amber time. The

green time for a phase is given as G = %(C o — L), here

Y=sum of ‘y’ values for all approach roads under
consideration. This method uses fixed peak hour

traffic volume and saturation flow values.
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7. Application of Embedded System in traffic signal

cycle design for junctions

An embedded system is the system which has
computer hardware with software embedded in it. It
is a device which has a programmable computer but
not general purpose computer. An Embedded System
is controlled by an internal microprocessor or
microcontroller instead of an external control unit.
Arduino, PIC Microcontroller, 8051 Microcontroller.
Atmel Microcontroller are usually used to design
embedded systems. In the signal time design for
junction, the data may be provided in the format
shown in the end and the instructions for the
calculation of green time and red time for a bloc
period of five minutes is also included and execution
of the design of signal phases for all roads may be
provided in the table. The data may be provided in
the Excel format as shown. Typical sheet containing
vehicle flow per unit time, corresponding saturation
flow, formulae to be used for the calculation of signal
cycle length and computing the green time and red
time as required depending on the width of the road
and normal walking speed of 1.2 m/sec. The various
constants as applicable in the Program may
predefined and used accordingly. The controller
controls the data flow from source and also time at
which a different data set have to be taken for next
calculation. The sequence of signal time setting may
also be defined in the program. The new set of field
data may also be entered in place old data if field
situation demands. The table is provided as a typical

example wherein, in reality the data format should
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be designed as required for the junction depending
on the of traffic volume and corresponding
saturation flow values. This means the signal time is
to be designed based on requirement at the junction.
Some junction carrying high traffic volume may
have to start at 7.00 AM and may go up to 11.00 PM
and the data format should incorporate all such
details. = The data is provided based on field
observations on a normal traffic day as the traffic
volume is influenced by week of the day like
Monday the day after a holiday, Wednesday is a
normal day and Saturday is influenced by the next
day holiday. Hence, if the data is able to provide all
such needed information, then this would be more

successful.

Read real time/user defined time

!

Real data from input source

'

Calculate signal cyclelength saturation flow
and flow using formula

'

Cwcle length apportioned to roads 1-4

'

Check number of cvcles 2/3 and reset as q, s

'

| Read real time 10.00/user defined ‘

'

| Go to blinker mode ‘

'

| Start signal ‘

Typical Flow Chart for Traffic Data Flow

Table No.1 Format for Input Data for the design of

signal phases in a block period of Five minutes

INPUT DATA FORMAT
Time of the . Saturation Condition
N Flow walue ) .

day flow equation

7:00 ai 51 1= ‘?;‘
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8. Advantages of the proposed method

i) Real time data is used for calculation of cycle time
based on actual value as obtained from the field and
in no place any assumption is made about the traffic
data that makes the green and red time calculation a
more realistic one.

ii) No excess of green time is provided for any phase
as the calculation is based on actual data at that time.

iii) If the effect of weekday is going to matter, then

the table may be further extended to incorporate this.

iv) Overall minimum waiting for vehicles due to less

delay and less pollution.

9. Discussions and Conclusions

There is tremendous scope for reducing the vehicle
delay at junctions by using variable value of volume
and saturation flow in adopting the dynamic values
of both volume and saturation flow values in arriving
at optimal signal time. For more accurate assessment
value of the delay, a block period of five minutes
may be assumed. If more accuracy is desired then
program real time data may be provided directly to
the system from video camera connected to the

program.

10. Scope for Further Study

i) Real time, time headway may be captured for all
roads at a junction using high resolution video
cameras, followed by real time flow and
saturation flow values are worked out and

the

calculating actual green time for the for each

substituted in relevant equations for
road separately and assigned to that signal phase
for the road.

ii) This concept may be extended for all roads at a
junction for each cycle for optimal performance
to minimize the delay.

iii) The recommended method of data collection,
data storing and wusing it for real time

computation of signal cycle time for all roads at

the junction would result in minimizing delay

Volume 4, Issue 9, November-December-2019 | www.ijsrcseit.com

and also reduced vehicular emission and hence
less air pollution.

iv) This logic of signal design may be extended to all
junctions using cloud data storage method and
computing green time, amber time and total
cycle time on real time basis.

v) Calculation of system delay before and after the
proposed method may be worked out to calculate
the overall savings in productive time, fuel and
reduction in pollution due to reduced vehicular

emissions.

vi) The study may be extended to the entire city and
the loss of fuel has to assessed for preventive
measures for reduction in time loss and fuel loss
for further optimizing each signal location and
signal phase. From this nearly half the fuel

wasted at signalized may be eliminated.
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ABSTRACT

This experimental study deals with utilization of brick masonry and concrete waste in preparation of cement
stabilized masonry block(CSMB). Brick masonry waste and concrete waste are crushed into granular form and
designated as brick powder (BP) and fine recycled concrete aggregate (FRCA) respectively. BP and FRCA are
used in 70:30 proportions and cement content is varied as 6%, 8%, and 10%. The static compaction method is
The size of the CSMB units is

190x90x90 mm and it is tested for dry density, wet compressive strength, water absorption and rate of

used to fix the optimum water content as 16% for all the three mixes.

moisture absorption. Correction factors reported in the literature are used to arrive at uniaxial compressive
strength. The compressive strength of CSMB units of size 190x90x90 are found to be in excess of 3.5MPa,
except for 6% cement content, with correction factor = 0.58. A simple equation is proposed to compute the
representative 28 days wet compressive strength of CSMB units without correction factors as f = 0.8 C, with C
as % of cement in the mix. The water absorption of CSMB units are within permissible limit of 18%. The rate
of moisture absorption of the units is found to follow an exponential trend. Nearly 50% of absorption is found
to take place in the first 30 mins of soaking. To study the influence of size, CSMB units of size 290x190x90
mm with 8% cement are cast and wet compressive strength is determined on the cubes 70 mm and 90 mm cut
from the CSMB units 290x190 x90 mm, as well as, on the units also. The 70 mm and 90 mm cube samples cut
from CSMB units show a decrease of 32% and 35% in wet compressive strength when compared with 70.6
mm cube samples cast from the same mix. The 28 days wet compressive strength of CSMB units 290 x190 x90
mm with aspect ratio as 0.47 is about 70% more than the strength attained with units 190 x90x90 mm with
aspect ratio as 1.0.
Keywords : Concrete and brick masonry waste, Cement Stabilized Masonry Blocks (CSMB), Fine recycled
concrete aggregate (FRCA), Brick powder (BP)
I. INTRODUCTION India. It is widely accepted that recycled concrete
aggregates can be utilized in concrete mixes as
Recycling of construction and demolition waste numerous experimental studies demonstrate its
(C&D) and using in civil engineering applications isa  reliability. Recycling of brick masonry waste has not

way forward to achieve sustainable construction, as ~ driven much attention of the researchers as very few

it reduces consumption of natural resources and
minimizes landfill. Concrete and brick masonry

waste constitutes a major portion of C&D waste in
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studies are available in the literature. These studies
are focused on the production of concrete mixes with

brick masonry waste being used as a partial
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replacement for aggregates [1, 2, 3, 6] and cement [4,
5, 6]. It has been observed that the low unit weight
and higher water absorption, limits the usage of
brick waste in the concrete mixes [1, 3, 6, 7]. Poon
and Chan [8], concluded the use of 25% crushed clay
brick satisfies the compressive strength requirements
for Grade B paving blocks as prescribed by ETWB of
Hong Kong for the trafficked area. Sadek [9] has
prepared a solid cement bricks of different grades
using brick aggregates for load bearing and non-load

bearing units

Hypothesis and objectives

The authors of the present study is of the opinion
that both concrete and masonry waste can be utilized
for the production of masonry units by using the
techniques adopted for SSB. In view of the
experimental evidence outlined in the literature [10-
19] with respect to suitable grading and composition
of the soil for making SSB, the authors of the present
study consider BP recovered from the brick masonry
waste has the potential for making blocks suitable for
masonry. The masonry waste cannot be easily
recovered as pure brick powder, due to the presence
of adhered mortar on its surfaces. Hence, during the
process of recycling masonry waste, it is natural to
expect that the recovered material will consist of
brick powder, as well as, a finer fraction of adhered
cement mortar. The recycling of concrete waste also
generates FRCA, which is largely unutilized. This
experimental study is carried out to ascertain the
suitable mix composition comprising of BP and
FRCA for the production of CSMB units.

Materials and mix constitutents

Physical properties of materials

The 43 grade ordinary Portland cement conforming
IS 8112:2013 [20] were used in this study. The
properties were tested as per IS 4031 [21, 22, 23, 24,
25, 26]. The physical properties of BP and FRCA
were tested as per the procedures specified in IS

2386-1963 [27]. The physical properties of cement,
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BP, FRCA are listed in Table I. The gradation curve
of BP and FRCA are depicted in Fig.1

TABLE I. PHYSICAL PROPERTIES OF CEMENT, BP AND
FRCA

SLno | Attributes Cement | BP FRCA
1 Specific Gravity 3.08 241 |22
5 Specific ~ Surface
Area
Standard
3 ) 30 - -
Consistency (%)
Initial Setting
4 ] ) 80 - -
Time (min)
Final Setting Time
5 i 210 - -
(min)
Fineness Modulus | - 147 |2.21
7 Fineness (%) 5.94 - -
100 "‘;"R —a
o0 B0E
g B0 /—/ !/‘/L:u_'—a“
w 70
g _L/
§ 50 /jl /-/ 50.
£ a0 —+—BP:FM =147
-E 30 26"35/ '/SU.U === FRCA:FM =221
g 20 w168
10
o

01015 03 0.6 118 236 475

Sieve Size in mm

Fig. 1. Gradation curve of BP and FRCA

Chemical composition of BP and FRCA

The chemical constituents of BP and FRCA are listed
in Table II.

TABLE II. CHEMICAL COMPOSITION OF BP AND FRCA

SLno | Oxides content (%) BP FRCA
1 Silicon dioxide (SiO2) | 88.53 68.15
2 Alumina oxide | 0.12 0.16

3 Ferric oxide (Fe20s3) 5.68 3.08

4 Calcium oxide (CaO) | 0.98 14.43
5 Magnesium  Oxide | 0.75 0.8

6 Loss on Ignition | 3.11 13.3




Mix constituents

The basic mix was assumed to consist of BP and
FRCA only. Several trial mixes were formulated with
BP and FRCA in varying proportions out of which
BP and FRCA at 70% and 30% by weight as
constituents were preferred from mouldability
consideration. Cement content in mixes was varied
as 6%, 8% and 10% by weight of the basic mix.
Three mixes considered in the study is designated as
6C | 8C| 10C.The mix constituents are listed in Table

I1I.

TABLA III. MIX CONSTITUENTS (KG/M?)

Mix
. 6C 8C 10C
designation
BP 1190 1190 1190
FRCA 510 510 510
C 102 136 170
Experimental work

The experiments were carried out in three phases.
In the first phase, cubes of size 70.6mm were casted
for all the three mixes and wet compressive strength
at 28 days were assessed. In the second phase, CSMB
units of size 190 x 90 x 90mm were casted and it is
tested for dry density, wet compressive strength,
water absorption and rate of moisture absorption. In
the third phase, a CSMB units of size 290 x 190
x90mm were casted to assess the size effects on the
compressive strength. The cubes of size 70 and 90
mm were extracted from 290 x 190 x 90mm units

and the compressive strength was determined.
Experimental studies on cube specimens

1) Optimum moisture content(OMC)

The water content in the mix influences the strength
of CSMB specimens. Higher water content results in
formation of capillary pores, consequently reduction
in the strength. However sufficient water content is
also necessary in order to achieve maximum
compaction. Hence, the trail studies were carried out

to fix moisture content for each mix.
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2) Casting of cube specimens

Dry mix of BP, FRCA and Cement were prepared on
the tray. The required amount of water is added and
it is thoroughly mixed on the tray using trowel.
Seven cubes of size 70.6 mm were prepared by
varying moisture content from 13 to 19% by weight
of the basic mix for all the designated mixes. The mix
were filled into the moulds up to the top and with a
collar in place excess material was filled and
compacted up to a pressure of 3.0MPa using UTM
machine of 1000 KN capacity. After compaction the
excess material is removed and the surface is finished

with trowel.

3) Determination of OMC

The cubes were demoulded after 24 hours and the
weight of each cube is recorded to assess their bulk
densities. Next, the cubes were kept in the oven for
24 hours at a temperature of 100+50C. After 24
hours, the cubes were removed from the oven and it
is kept in the ambient temperature and then dry
weight is recorded. The dried cubes are then kept in
the water for 24 hours to assess their water

absorption as well as void ratio and porosity.

4) Determination of wet density and wet

compressive strength
Six cubes were prepared for each mix combinations
and these cubes were subjected to intermittent spray
curing for 28 days. After curing, the cubes were

tested for wet density and wet compressive strength
as per IS 3495 (Part1): 1992 [29].

Experimental studies on CSMB Units

The block size of 190 x 90x90 mm were considered
for casting CSMB units. This is the one of the sizes
recommended in IS 1725: 2013 [28]. To assess the
size effects, the CSMB units of size 290 x 190 x 90mm

'was cast.

5) Casting CSMB units

The procedure as outlined in section A.2 is followed

to cast the CSMB units. Spray curing is employed for

T




28 days and the wet gunny bags is covered
throughout the curing period.

6) Testing of CSMB units

Six CSMB units were tested for dry density, wet
compressive strength, water absorption and rate of
moisture absorption. The description of testing
procedure along with the standards followed is

discussed in the following section.

Dry density

The dry density of the CSMB units were tested as per
the guidelines outlined in IS 1725:2013 [28]. The
CSMB units were kept in the oven at a temperature
of 100 + 50C for 24 hours. Later the units were
cooled to room temperature. The dimensions and the
unit weight of the CSMB units were measured in

order to calculate the dry density of the units.

Wet compressive strength

CSMB units were tested for wet compressive
strength as per the procedures given in IS 3495 (Part-
1):1992 [29]. The units were kept in the water for 48
hours, later it is removed from the water and the
surface of the units is wiped with dry cloth in order
to achieve saturated surface dry condition. The load
on the CSMB specimens were applied at a rate of 2.9
kN/sec.

Water absorption test

The water absorption test was carried out as per IS
3495 (Part-2): 1992 [30]. The CSMB units were kept
in the oven at a temperature of 100 + 5°C and the
corresponding dry weight were recorded. After that
the units were immersed in water for 24 hours and
then the weight was recorded. The amount of
increase in weight of the units is expressed in

percentage.

Rate of moisture absorption

After keeping the specimens in an oven at 100 + 5°C,
the dry weight was recorded. Then the units were

soaked in the water and the corresponding weight
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were taken at an interval of 15, 30, 60, 120, 1440 and
2880 min. The rate of moisture absorption is
calculated and expressed as percentage increase in

weight with respect to their dry weight.

7) Correction for friction effects

This confinement of specimens by platen restraint
increases the apparent strength of the material.
Hence the compressive strength that are obtained
during the test are largely influenced by the
dimensions of the units. In the literature several
correction factors are proposed to arrive at
representative uniaxial compressive strength. In this
study the correction factors proposed by Krefeld [31]
for fired clay bricks and Heathcote and Jankulovski
[32] for SSB are used. These correction factors are

based on aspect ratio and it is listed in Table IV

TABLE IV CORRECTION FACTORS (CF) FOR END
CONFINEMENT [33]

Aspect ratio
Correction factor
0.4 a7 1 3 >50
Krefeld's (Fired clay < - .
bricks) 0.3 06 0.7 0.83 1
Heatheote & Jankulovski - .
(SSE) 023 04 0.58 09 1

8) Testing CSMB units to assess size effect

CSMB units of size 290x190x90 mm was prepared
with BP and FRCA at 70% and 30% constituent
levels with 8% of cement. Except for the size, all
other parameters are kept exactly similar to
190x90x90 mm units. To study the influence of size,
compressive strength was determined on the cubes
70 mm and 90 mm cut from the CSMB units 290x190

x90 mm, as well as, on the units also.

Results and discussions
Cube test results

9) OMC of the mixes

Test results of cube specimens with moisture content
varying from 13 % to 19% for each of the three mix
variants are given in Table V. It is observed that, 16

% water content yields minimum porosity and

VI




maximum bulk density for all the three percentages

TABLE V.OPTIMUM MOISTURE CONTENT OF THE MIXES

of cement contents used in this study

Water | Compacted Water )
Cement BP (%) FRCA Content | Densi Absorption Void Porosi
0
(%) (%) Y P Ratio v
% | Ggm) (%)
13 1791 22.15 0.63 0.387
14 1876 15.15 0.372 0.271
15 1876 17.73 0.45 0.31
6 70 30 16 1961 1412 | 0337 | 0252
17 1904 15.58 0.377 0.274
18 1933 14.35 0.342 0.255
13 1848 18.21 0.443 0.307
14 1990 16.12 0.386 0.279
15 2047 16.04 0.386 0.279
8 70 30 16 2103 14.65 0.354 0.262
17 2075 15 0.359 0.264
18 2047 15.35 0.37 0.27
19 2075 15.09 0.365 0.267
13 1819 20.14 0.473 0.321
14 1933 16.26 0.397 0.284
15 1990 16.23 0.392 0.281
10 70 30 16 2103 13.56 0.334 0.25
17 2018 15.85 0.381 0.276
18 2103 13.6 0.334 0.25
19 2047 15.15 0.359 0.264
) ) 1961 1989 1961
10) Wet density and 28 days compressive strength of
. 1947 1989 1989
cube specimens
o ‘ 3.43 6.68 7.26
The test results pertaining to wet density and 28 days w 343 61 6.78
. . ¢ '
wet compressive strength are given in Table V1. e comp. o 59 714
strength
11) Statistical analysis of cube test results (MPa) 3.49 5.72 6.8
. . 2
The statistical analysis of test results is listed in Table 357 6.58 7
VII. The statistical parameters are normalized with 403 64 6.12

respect to mix 6C.

TABLE VII. STATISTICAL ANALYSIS OF CUBE TEST

TABLE VI. WET DENSITY AND 28 DAYS WET RESULTS
COMPRESSIVE STRENGTH Wet compressive
Mi Wet density (kg/m?3) renth (MPP) v
Mix 6C 8C 10C ! streng a
X Mi | Ma Mi | Ma
1989 1989 1989 u o P o
Wet density | 2003 1961 1989 n X n b's
(kg/m3) 2003 1989 1989 6C 197 | 30.1 | 193 | 200 | 3.5 | 0.2 | 3.2 | 4.0
1932|1932 | 1989 3 |8 2 |3 [3 |7 |3 |3
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197 | 23.7 | 193 | 198 03 |57 | 6.6
8C 6.2

5 9 2 9 6 2 8
10 (198 | 11.4 [ 196 | 198 |68 |04 |61 | 7.2
c |4 3 1 9 8 3 2 6

12) Inference

The compressive strength is found to increase by
1.75 times, as the cement content is increased from
6% to 8%.

content from 8% to 10% only a negligible increase in

However, with increase of cement

the strength is observed
Test results of CSMB units

13) Density and wet compressive strength

The density and wet compressive strength of CSMB
units are listed in Table VIII.

TABLE VIII. DENSITY AND WET COMPRESSIVE

14) Statistical analysis of test results

The statistical analysis of the test results reported in
Table 8 is listed in Table IX.

representative value of average compressive strength

It is noted that the

in wet conditions, is more than 1.4, 1.8 and 2.3 times
of the minimum requirement for the mix comprising
6 %, 8% and 10% of the cement content. The ratio
of average wet and dry density is found to be in the
range of 1.11 to 1.14.

TABLE IX. DESCRIPTIVE STATISTICS OF DENSITY AND
WET COMPRESSIVE STRENGTH OF CSMB UNITS

6C 8C 10C
Densi Densi Densi
Param zy zy Fer :y Fer
cters | (k&/m®) fo | (eg/om) or | %™ | o
(MPa) ) Dr )
Dry Wet Dry Wet | 2 Wee | 2
y
18
n 1799 | 2044 | 4.88 1844 | 2055 | 6.32 4 2044 | 8.11
17
Min 1755 | 2014 | 45 1826 | 2037 | 5.46 7 2014 | 6.3
18
Max 1836 | 2076 | 5.36 1875 | 2076 | 7.61 - 2076 | 9.96

STRENGTH OF CSMB UNITS AT 28 DAYS
6C 8C 10C
Mix Ve
Dry | Wet | Dry | Wet | Dry ;
175 1201 | 183 | 205 | 185 | 206
181 | 204 |187 | 205 |177 | 203
6 o |5 |7 |7 |4
176 |201 | 182 | 205 |183 | 203
_ 1 8 |6 |0 |9 |4
Denszty 181 | 205 | 184 |203 | 187 |207
kg/m 9 7 2 7 5 6
183 | 207 | 184 | 207 | 186 | 201
6 |6 |9 |6 |8 |4
180 | 206 | 184 | 205 | 183 | 204
6 |o |2 |3 |6 |o
w 458 5.46 931
& [s36 7.61 7.05
COIIIPI'ESSI
45 5.94 9.96
ve 47 6.16 6.3
strength 4'9 6.39 6‘51
(MPa) ; ; :
523 6.36 954
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15) Correction due to end effects

The geometric correction factor based on aspect ratio
is equal to unity can be assumed as 0.7 and 0.58 as
per, Krefeld [33] and Heathkote [34] respectively.
The corrected compressive strength of CSMB units
are listed in Table X. With the correction factor of
0.7 or 0.58, the mix with 8 and 10% cement content
meet the minimum strength requirement of 3.5MPa.
CSMB units with cement content as 6%, fails to
satisfy the minimum strength requirement of 3.5
MPa.

TABLE X.CORRECTION DUE TO END EFFECTS

Mix composition
Size of CSMB S Compressive strength
ra
6C | 8C 10C
Test Result 49| 6.32 | 8.1

190x20x90 1 Corrected value with CF=0.7 3.4 | 442 | 5.7

Corrected value with CF=058 | 2.8 | 3.67 | 47
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16) Water absorption

The water absorption test results of six units of each
of the three mix compositions are listed in Table XI,
along with their statistics. It is observed that this
important property is also in compliance with the
maximum absorption limit of 18% as per IS
1725:2013[28].

TABLE XI. WATER ABSORPTION (%) AFTER 24 H.

SLno | 6C 8C 10C
1 15.7 12.2 10.5
2 13.5 9.7 10.4
3 15 12.3 10.5
4 14 10.6 10.8
5 14.2 12.3 10.5
6 14.5 11.5 11.7
Statistical measures

u 14.8 11.3 10.7
c 0.78 1.08 0.5

17) Rate of moisture absorption

The test results of rate of moisture absorption of six
CSMB specimens of all the three mix compositions
are given in Table XII. The plot of the variation of
the rate of absorption with time is found to follow an
exponential trend as shown in Fig.2. Nearly 50% of
absorption takes place in the first 30 min of soaking
for 8% and 10% of cement content. At 120 minutes
of immersion time, the absorption is found to be at
91.3%, 89% and 78% of absorption at 2880min, for

the mix 6C, 8C, and 10C respectively.

TABLE XII. RATE OF MOISTURE ABSORPTION

11 12. |13 |135 14.2 | 145
10.7 12 | 13. | 13.7 145 | 15
6.2 82 |99 | 114 122 | 124
5.6 69 |8 8.8 9.7 199
8 5.7 73 189 |10.7 12.3 | 12,5
4.6 64 |78 |94 10.6 | 10.9
6.2 81 9.7 |113 123 | 123
6.2 74 |9 10.4 115 | 11.6
45 53 |67 |86 10.5 | 11.6
49 58 |7 9 104 | 11.3
10 4.7 55 |68 |88 105 | 114
4.6 57 |73 |9 10.8 | 11
4.7 56 |7 8.9 105 | 11.3
5.1 66 |81 |99 11.7 | 11.9

¥ =0.7001In(x)+12.523
R* =0.8616

= 1.0085In(x) +8.2814
R =0.8621

¥=1.229In{x) + 6.9567

2 -
R*=09454 5C

8C

s
7
é

1o0cC

Mosture absorption (%)

o 10 20 30 40 50 60

Time duration in (hrs)

Fig. 2. Plot of average absorption versus time

18) Size effect on wet compressive strength of CSMB

units

Test results are listed in Table XIII, along with the
pertinent results listed in Table VI with respect to
70.6 mm cubes and Table VIII with respect to CSMB
units 190 x 90 x 90 mm cast from similar mix

composition.

TABLE XIII. WET COMPRESSIVE STRENGTH OF CAST
AND CUT CUBE SPECIMENS AND 190X90x90 MM AND
290 X 190 X 90 MM CSMB UNITS

Moisture absorption in %
Cemen . .| 144 | 288
I5mi | 30 | 60 | 120mi
t (%) . . 0 0
n min | min | n . .
min | min
12. | 14.
11 14.9 15.7 | 15.9
9 4
6 10 11 [12 [129 [135 | 145
10.9 12. |14 14.3 15 15.5
10.6 11 12. 113 14 14.4
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190
70 mm (90 mm 290
70.6 x90
cube cube x19
mm . . x 90
specime | specime 0
cube mm
. ns cut|ns cut x90
Slno | specime bloc
from from mm
ns cast k
290 290 bloc
(Table cast
x190 x190 x k
VI) (Tab
x90 mm | 90 mm ) cast
e
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VIII)

1 6.68 4 4.29 5.46 | 12.0
2 6.1 4.8 3.68 761 111.1
2 59 2772 407 594 1058
A E 790 40 2 AR £ 1£ Q14
|~y £ Q9 2 QN A NS £ 20 10N
y'4 A A A 19 A AQ £ L 11 Q
Avera

6.2 4.2 4 6.3 10.8
ge
Mini 5.7 3.7 3.5 55 9.1
Max 6.7 49 45 7.6 12.1

Following observations are made:

1.

The 70 mm and 90 mm cube samples cut from
CSMB units show a decrease of 32% and 35% in
wet compressive strength when compared with
70.6 mm cube samples cast from the same mix.
The reduction is thought to be due to the
possibility of lack of uniformity with respect to
mix composition as well as the compaction

owing to the large size of the units.

The 90 mm cube samples cut from CSMB units
show a 5% reduction in wet compressive
strength when compared with 70 mm cube
samples cut from the same units, in spite of the
aspect ratio being unity in both the cases. This
reduction of strength in 90 mm cube specimens
may be attributed to the decrease in the zone of
confinement with the increase in specimen size
towards unconfined uniaxial

and tending

compressive strength.

It is interesting to note that the average strength
attained by 190x90x90 mm units is almost the
same as the strength attained by 70.6 mm cubes
cast from the same mix composition. In both the
cases, the aspect ratio is unity. Typically, the
strength attained by 190 x90x90 mm units should
have been slightly lesser than the strength
attained by the 70.6 mm cube specimens due to
the increase in specimen size. This may be due to
the presence of frictional forces over large
contact area (190mmx90mm) available with the
CSMB units.
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The 28 days wet compressive strength of CSMB
units 290 x190 x90 mm with aspect ratio as 0.47
is about 70% more than the strength attained
with units 190 x90x90 mm with aspect ratio as
1.0. This observation is in conformity with the
observation that the apparent uniaxial strength
increases with a decrease in aspect ratio.
However, the cube specimens cut from the units
show a reduction in strength of about 37% when
compared with the strength attained by 190

x90x90 mm units.

The correction factor for CSMB units 290 x190
x90 mm works out to (1/1.71 = 0.58) to get the
strength of CSMB units 190x90x90 mm. The
results signify the influence of units size on

compressive strength.

Assuming the cube specimens cut from the
blocks to represent the intrinsic strength, the
correction factor for 190x90x90 mm units works
out to 0.63 and for 290x190x90 mm units as 0.37,
which are in between the values proposed by
Krefeld [33] for fired clay bricks and K.
Heathcote and E Jankulovski [34] for SSB as
listed in Table 4.

The aforementioned observations are based on
the limited test data generated during the course
of this study. To validate these observations, a
large number of self-similar specimens have to be

tested.

Conclusions

1.

ii.

1ii.

CSMB - 190 x 90 x 90 mm units with 8 and
10% of cement content have the potential to
attain strengths in excess of the minimum
strength = 3.5MPa.

The procedure envisaged in this study to
make CSMB units has ensured that the
minimum required a dry density of 1750

kg/m3 can be achieved.

The percentages of water absorption of
CSMB units are found to be higher, but are,
still within the permissible limit of 18%. The
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iv.

vi.

higher water absorption is thought to be due
to the porous nature of FRCA.

The plot of the variation of the rate of
moisture absorption with time is found to
follow an exponential trend. Nearly 50% of
absorption is found to take place in the first
30 min of soaking for 8 % and 10% of cement

content.

The 70 mm and 90 mm cube samples cut
from CSMB units show a decrease of 32%
and 35% in wet compressive strength when
compared with 70.6 mm cube samples cast

from the same mix.

The 28 days wet compressive strength of
CSMB units 290 x190 x90 mm with aspect
ratio as 0.47 is about 70% more than the
strength attained with units 190 x90x90 mm
with aspect ratio as 1.0. This observation is in
conformity with the observation that the
apparent uniaxial strength increases with a

decrease in aspect ratio.
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Experimental Investigation on Leachate-Contaminated

Lateratic Soil
Serin Issac
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ABSTRACT

Contamination of soil due to the Leachate from Municipal Solid waste is a major environmental problem.
Landfill leachate is generated from liquids existing in the waste as it enters a landfill or from rainwater that
passes through the waste within the facility. A large quantity of Leachate is produced from the dump yards in
various parts of India. With urban development and expansion, these areas are reclaimed for construction and
other purposes. The engineering behaviour of structures constructed of/with municipal solid waste fills are
unpredictable. An extensive laboratory exploration was carried out to determine the index properties, shear
strength characteristics, compaction characteristics and hydraulic conductivity of clean and contaminated
lateritic soil. Contaminated samples are prepared by mixing the lateritic soil with varying amount of leachate
content like 20%, 40%, 60%, 80% and 100% by weight to vary the degree of contamination. The effects of
leachate on the Atterberg’s limit showed decrease in liquid and plastic limit values with the increase in the
leachate content. Reduction in maximum dry density and increase in hydraulic conductivity were observed.

Keywords : Leachate, Residual Soil, Atterberg’s Limit, Shear Strength.

I. INTRODUCTION contamination of soil beneath and adjacent to the
dumping area. Leachate from the solid waste dump

A landfill is an engineered pit, in which layers of has a significant effect on the chemical properties as

solid waste are filled, compacted and covered for
final disposal. It is the “simplest, cheapest and most
cost effective method of disposing waste” in several
parts of the world. Despite these benefits, leachate is
a threat to the environment due to the presence of
toxic inorganic and organic constituents in the
leachate. Leachate is produced in landfill sites
through  hydrolysis  processes  (products of
biochemical changes in organic substances) or is the
result of water penetration. It is composed of large
amounts of both organic and inorganic compounds,
and their concentration depends to the age of a
landfill

constructed

Leachate from an

landfill

site. improperly

results an extensive

CSEIT1949110 | Published - 21 Dec 2019 | November-December-2019 [ (4) 9 : 60-64]

well as the geotechnical properties of the soil.

Leachate can modify the soil properties and
significantly alter the behaviour of soil. Laterite soil
is one of the important soil groups of Kerala. Large
areas of land with lateritic soil are currently used for
open dumping of municipal solid waste. This paper
presents the results of a laboratory testing program
carried out to determine the effect of leachate
contamination for a period of 15 days on the
geotechnical characteristics (consistency limits,
compaction characteristics, hydraulic conductivity

and shear strength) of lateritic soils.

60 L
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Experimental Investigation

Study Area

The study area is located in Brahmapuram, a small
village in Kochi, Kerala, India which spans across 106
acres. The volume of waste being dumped at the
dump yard was 250 tonnes/day. Various waste
materials such as domestic waste, e.g. Kitchen waste;
plastic, paper, glass, cardboard, cloths etc. are
dumped at this site. Construction and demolition
waste like bricks, blocks, timber, are also dumped.
Poultry market, fish market, slaughterhouse, dairy
farm and non-infectious hospital waste is also
dumped. The site is a Non-engineered low lying
open dump, a huge heap of waste up to a height of 20
m. The main problem here is the contamination in

the surface water bodies and the soil.

Soil samples were collected by removing the surface
debris and subsurface soil dug to a depth of about

30cm and Im with a hand auger.

50 Kg of soil sample was taken for analyzing soil
chemical properties, soil consistency limits such as
liquid limit, plastic limit, shrinkage limit, plasticity
index, specific gravity, compaction characteristics,
hydraulic conductivity and shear strength of soil in
the laboratory. The geotechnical properties of the soil

are given in Table .

TABLE 1. GEOTECHNICAL PROPERTIES OF THE

Silt (%) 22

Clay (%) 12

The chemical characteristics of the laterite soil was
examined and the results obtained are shown in
Table II.

TABLE IT . CHEMICAL CHARACTERISTICS OF THE

SAMPLE SOIL.
Properties values
pH 45
CaCO:s (%) 2.75
OM of soil (%) 0.58
S04 x10-3 (%) 4
Fe20s3 (%) 8.2
SiOz2 (%) 72
ALLQOs (%) 45

CaCOs - Calcium carbonate; OM - Organic matter;
SO4 -
Soluble sulphate; Fe20s - Iron content; SiO2 - Silica;

ADQOs3- Alumina content

Leachate

Leachate used in this study was collected from
Brahmapuram Biogas Plant, Ernakulum, Kerala. The
characteristics of leachate are given in the Table III.
The alkalinity, pH value and the cation content are
very significant parameters that affect the properties

of the soil.

TABLE 111 . COMPOSITION OF THE LEACHATE

SAMPLE SOIL.
Properties values
Specific Gravity 2.62
Liquid Limit,% 35
Plastic Limit,% 21
Maximum dry density (g/cc) 2.25
Optimum Moisture Content (%) 125
Permeability(k) 2.7 x 10
5
Gravel (%) 2
Sand (%) 62
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Parameter Maximum concentration in
(mg/L)

COD 285

Total  Dissolved | 2359

solids

Total hardness 170

pH 6.1

sulphate Trace

chloride 2136

calcium 50
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sodium 250

potassium 420

Chemical analysis was carried out based on the
standard methods published by American Public

Health Association.

Test Programme

Laboratory tests were conducted to determine the
index properties, compaction characteristics and
hydraulic conductivity of clean and contaminated
lateritic soil. Contaminated samples are prepared by
mixing the lateritic soil with varying amount of
leachate content like 20%, 40%, 60%, 80% and 100%
by weight to vary the degree of contamination. The
samples were tested after a curing period of 15 days.
The test samples were preserved in air tight packets
to ensure proper reaction between the soil and

leachate.
Results and Discussions

Effect of Leachate on Atterberg’s limits

The Atterberg’s limit is used to identify the soil
water content that is related to the behavior of the
soil. The liquid limit, wZ of leachate mixed soil
indicated the decreasing in value from 35 % to 18 %
with the increase of leachate contents between 0%
and 100%. The differences in the decrease in liquid

limit value were higher than the plastic limit.

Lateritic soil contains more of kaolinite mineral
having low shrink—swell capacity and a low cation
exchange capacity. Unlike, montmorillonite mineral,
the effect of diffused double layer is negligible in

kaolinite.

However, the Liquid limit behavior which depends
on the diffused layer was found to decrease in laterite
soil, even though the presence of kaolinite mineral
was more. As the amount of leachate increases, the
water content will reduce and the chance to react

with soil particles will eventually drop. The leachate
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is more acidic in nature which results in reduction of
liquid limit due to increase in concentration of
electrolyte of the pore fluid and therefore, decreases
the thickness of diffused double layer.

The wvariation of liquid limit with different

percentages of leachate in shown in Fig 1.

Variation of liquid limit

w b
o1 O o1 O

o1

Liquid limit (%)
R NN N W
(e} (@)

o Ol

0 50 100
percentage (%)

150

Fig 1. Variation of Liquid limit

Effect of Leachate on Compaction characteristics of
soil

The soil sample was mixed with the leachate and
allowed for curing for about 15 days and the Standard
Proctor compaction tests were carried. The results are
plotted in Fig.2, in the form of dry density versus

water content curves.

The maximum dry density of the laterite soil
decreases with increasing concentration of leachate
and optimum moisture content increases with
increasing concentration of leachate. This is mainly
due to the chemical reaction between the minerals
present in the soil and the compounds present in the

leachate.

The presence of chemicals in leachate, changes the
structure of pore fluid in soil, thereby affecting the

properties of soil. Maximum reaction occurred at a
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leachate concentration of 60%, beyond which the soil

properties were not affected.

COMPACTION CURVE
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Fig 2. Variation of Comapction characteristics

Effect of Leachate on Hydraulic Conductivity of soil

Falling head permeability tests were conducted on
samples cured with varying concentration of leachate
for 15 days. The hydraulic conductivity was found to
increase with increase in leachate content (Fig. 3).
This increase in hydraulic conductivity of the soil was
due to chemical reaction between the leachate and
the clay minerals present in lateritic soil. The acidic
leachate can dissolve clay minerals increasing the
pore space in soil and hence the hydraulic

conductivity increases.

k cm/sec
N w
N 1w

0 50
percentage (%)

100

Fig 3. Effect of Chemicals on Permeability in 10-

cm/s
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Effect of Leachate on Shear Strength of soil

Soil samples compacted at Maximum dry density and
Optimum moisture content were used to find the
shear parameters of soil samples mixed with leachate.
Consolidated Undrained triaxial test was conducted
on samples after saturated and prior application of

back pressure. The results are shown in Table IV.

The cohesion of soil was found to increase slightly
and the internal friction decreased. The leachate has
increased the bonding between the particles by
altering the chemical composition such that the soil
behaved more like a clay having more of cohesion

and less of shearing resistance.

TABLE III . SHEAR STRENGTH OF LATERITIC SOIL MIXED

WITH LEACHATE
Sample Cohesion Angle of
() internal
kN/m? friction (¢)
Soil 18.2 31
Soil  + 20% | 20 26
Leachate
Soil  + 40% | 24.6 22
Leachate
Soil + 60% | 27.3 16
Leachate
Soil + 80% | 27.8 15
Leachate
Soil + 100% | 28.5 13
Leachate
Conclusion

The experimental investigations gave an insight to
the effect of leachate on the geotechnical properties
of laterite soil. The liquid limit and plasticity index
decrease with anincrease in the percentage of
leachate. This decrease in the Atterberg’s limits are
the the

and

due to predominant influence of

increased electrolyte concentration

organic chemicals present in the leachate on the
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diffuse double layer thickness of soil. Leachate

contamination leads to increase the hydraulic
conductivity of the soil tested. This is attributed due
to the chemical reactions with the leachate and the
soil particles. Highly acidic or basic leachate can have
significant effect on the index and engineering
properties of the soil. Experimental results indicated
that with the increase in percentage of leachate,
maximum dry density decreased from an initial value
of 2.25g/cm?® to 1.75 g/cm3 and optimum moisture
content increased to 22% from an initial value of 12.5
% when the soil was mixed with 60% leachate by
weight. Beyond which no significant change was
observed. The cohesion of the laterite soil increased
and the shearing resistance decreased with increase in
Leachate concentration. This variation is attributed to
the chemical reaction between the soil and the
leachate, resulting in soil to behave more like clay.
Based on this study, the presence of leachate fluid
in the soil brings negatives impact to the geotechnical
soil. Soil-leachate

properties of Lateritic-clayey

contamination must be recovered before any

construction is done.
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ABSTRACT

Extensive research is in progress in the field of concrete technology in finding suitable replacement for

cement. With the rapid growth in construction industry leading to increased consumption of concrete which

further leads to increase in production of cement, resulting in global sustainability problems. An attempt has

been made to study the effects on properties of both fresh and hardened concrete by using lime stone powder

as an alternative binding material to cement at various percentages (5%, 10% and 15%).

Keywords : Lime Stone Powder, Slump, Compressive Strength

I. INTRODUCTION

With the revolution in construction industry, the

demand for cement concrete has increased
tremendously over a period of certain years. Extensive
research has been under progress in the field of cement
concrete to find suitable alternative materials in the
place of conventional materials which is essential for
global sustainability. cement has the largest footprints
when it comes to both carbon dioxide release and
energy consumption. Lime stone powder, is one of
such material which possess cementitious properties
and can be used as partial replacement for cement with
the improved properties of concrete such as
workability, bleeding control etc. Use of limestone also
results in improved density of concrete.

Even though an increase in early strength was
observed, loss of strength at later ages due to

incorporation of limestone has also been reported.

CSEIT1949111 | Published - 21 Dec 2019 | November-December-2019[ (4) 9 : 65-68 ]

Literature Review

Wendimu Gudissa etal. (2010) The investigation has
revealed that, Replacement of ordinary Portland

cement by fine limestone powder from 5% to 10% with

Blain fineness value of 4000 to 4500 cmZ/gm satisfies
the standard compressive strength requirement of high
early strength cement as per the standard requirements.
The results of grinding shows that, as the replacement
of limestone increases by weight, increases in cement
fineness and decrease in grinding time were observed
compared to pure ordinary Portland cement. Since
limestone is softer to grind than pure clinkers the
energy required is also relatively less than required to
grind pure clinker for Portland cement production. The
test results indicated that, the compressive and flexural
strengths of cement mortar decrease with the increase
in the percentage addition of limestone content for
same blain fineness and also increase with the increase

of fineness
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Didier Lootens et.al

Have concluded that, use of lime stone powder and
silica lead to acceleration in hydration of cement and
cement can be replaced by these filler up to 40%, with
minimum impact on initial setting times and are helpful
in applications where controlled setting is more
important than development of high strengths. Also it
is reported that, the rate of hydration with the use of
lime stone is more than that of silica. Also
improvement in rheological properties was observed

due to reduction in yield stress and consistency factors.

Tarun R. Naik etal. This study gives the
information about increase of effective wic,
accelerate early-age strength, dilution of cement
paste and cement concrete mix effects the rate of
hydration by using the limestone powder filler in
cement. The addition of limestone powder filler to
fine cement pastes and mortars reduces the
diffusion coefficient of chloride ions. Using
limestone powder in concrete proves economic
and environmental advantages by reducing the
usage of Portland cement in constructions and
CO2 emission, as well as improving the early and
the later age compressive strength. Limestone
powder to cement changes the phase composition
of pastes in comparison with pastes without
addition. They also showed limestone powder
prevents the transformation of ettringite to

sulphoaluminates (monosulphate, hemisulphate

and solid solutions), instead of which

carboaluminate phases more resistant to sulphate

attack (monocarbonate, hemicarbonate) are formed.

Volume 4, Issue 9, November-December-2019 | www.ijsrcseit.com

Materials and Methodology

The physical properties of materials per performed
as per IS standards. The mix design is performed
IS 10262-2009. Then the cubes and
cylinders are casted by varying the percentage of

as per

lime stone powder as a binding material in
concrete mix varies from 0, 5, 10 & 15%. Tests
performed on fresh and hardened concrete. The
specimens were weighed after curing of 7, 14 &
28 days to know the significance changes in
density before testing compressive
strength.concrete mix varies from 0, 5, 10 & 15%.
Tests performed on fresh and hardened concrete.
The specimens were weighed after curing of 7, 14
& 28 days to know the significance changes in
density before testing compressive strength.

Table.1 Chemical Composition of lime stone

powder
Component | Lime stone powder (%)
Sio, 11.25
AlO3 2.76
Fe203 1.15
Ca0o 43.77
SO3 0.27
MgO 2.15
Na20O 0.35




Table.2 Physical Properties of materials

SI | Material Results

no.

1. | Specific Gravity 3.15

2. | Compressive 54
strength(N/mm?)

3. | Specific gravity of fine 2.53
aggregate

4. | Water absorption of Coarse 0.5%
agregate

5. | Specific Gravity of Coarse 2.72
aggregate

6 | Specific Gravity of Lime 2.48
stone Powder

Table.3 Slump value for different mix with water

cement ratio of 0.4

slump (mm)

Sl % of limestone | Slump(mm)
No. | powder added
1. 0 110
2. 5 60
3. 10 50
4. 15 45
Figure.1l Slump value for different % of limestone
powder
Slump value
129 3310
100
o \\o&
60 ‘e 15
40
20
0
0 5 10 15
% of limestone powder added
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Tale.4 Density of concrete

% of limestone Density ( kg/m?3)
powder added

0 2506.6

5 2488.8

10 2471.1

15 2444 4

Figure.2 Density of concrete mix v/s Percentage

of limestone powder

Density of concrete
2540
__ 2520
% 2500 0&06'6\%%
i 2480 \‘%1
% 2460 2424.4
S 2440
2420
2400
0 5 10 15
% of limestone powder added
Table.5 Compressive strength
SL % of Average compressive
No. | limestone strength (Mpa)
powder ooy [ 14 28
days days
1. 0 4523 |53.01 |62.96
2. 5 46.6 50.7 60.8
3. 10 42,77 | 48.63 |55.31
4. 15 31.2 354 39.5

o7 L




Figure.3 Compressive strength v/s Percentage of

limestone powder

compressive strength
70
60 |
50

20 \A\ y
r— ays
30 \ ’

compressive strength ( Mpa)

s 14 days
20
28 days
10
0
0 5 10 15
% of limestone powder added
Table. 6 Tensile Strength
SL % of Tensile
No. limestone Strength(Mpa)
powder
added 7days 28 days
1. 0 3.182 5.14
2. 10 2.9 5.04
3. 15 2.74 4,14

Figure. 4 Split Tensile v/s Percentage of limestone

powder

split tensile strength vs age

6 —
- ® 0% replacement
© 5 -
g
= 4] = 10% replacement
% 3 -
3 2 -
a | 15% replacement
o 1
§°
bt 7 28
£
& age in days

IV. CONCLUSION

The following conclusions can be drawn from the
obtained experimental data:
Maximum 10% of cement can be replaced by

limestone powder without change in the strength of

Volume 4, Issue 9, November-December-2019 | www.ijsrcseit.com

the concrete. Required split tensile strength can be
achieved by 10%

limestone powder. The addition of limestone filler in

replacement of cement by

to Portland cement results in increase in cement
fineness and this fineness of the cement provide
higher
development of the early strength. The use of

rate of hydration and hence faster
limestone powder in cement and concrete provides
economic and environmental advantages by reducing
Portland cement production and CO2 emission.
From the standard consistency results, it seems that
limestone has no effect on water requirement
the

increase in level of fine particles caused requires

compared to Portland cement. Moreover,

much water.
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ABSTRACT

Crushed bricks as aggregates are of particular interest because their use can considerably reduce the problem
of waste storage and simultaneously helps the preservation of natural aggregate resources. With this
perspective, an experimental study is carried out to assess the possibility of using brick masonry waste as a
partial replacement for natural coarse aggregate (NCA) in concrete mixes. Brick bats or brick masonry waste
are crushed using hammer to recover coarse recycled brick aggregate (CRBA). M40 grade concrete mix is
designed as per IS 10262:2009, by considering the properties of natural aggregates. NCA is partially replaced
by CRBA at 10%, 20%, 30% and 40% in concrete mixes. Totally five concrete mixes (including control mix
made of NCA and NFA) are considered in the study. The workability of the concrete mixes decreases with an
increase in CRBA content. A marginal reduction in 28 days compressive strength is observed up to 20%
replacement of NCA by CRBA. At 30% and 40% replacement level, the reduction in compressive strength is
about 15% and 30% respectively. The tensile strength decreases with increase in CRBA content in concrete
mix.
Keywords : Coarse recycled brick aggregate (CRBA), Control Mix, Natural coarse aggregate (NCA), Natural
fine aggregates (NFA).

I. INTRODUCTION million tons per annum. The waste that is generated
from Construction Industry in India is estimated and

In India, a large quantity of construction and given in Table L.

demolition waste is generated every year. These
TABLE I CONSTITUENT OF CONSTRUCTION AND

waste materials need a large place to dump and
DEMOLITION WASTE IN INDIA

hence the disposal of waste has become a severe issue

in urban seector. On the other hand scarcity of . Quantity Generated in
Constituent .

natural resources is another major problem that million Tons p.a. (Range)

results in changes in climatic conditions. Hence it | Soil, Sand & gravel | 4.20 t0 5.14

becomes necessary to protect and preserve natural | Bricks & Masonry 3.60 to 4.40

resources. Concrete 2.40 to 3.67
Metals 0.60 to 0.73

As per the Technology Information, Forecasting and | Bitumen 0.25t0 0.30

Assessment Council (TIFAC) the construction | Wood 0.25 to 0.30

industry contributes waste is between 12 to 14.7 | Others 0.10t0 0.15

CSEIT1949112 | Published - 21 Dec 2019 | November-December-2019 [ (4) 9:69-74 ]
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Demand to supply of building material is in the
range of of about 60,000 million cu.m. Reuse of
aggregate material from construction and demolition
debris certainly mitigate to a larger extent the

demand-supply gap.

While retrievable items such as bricks, wood, metal,
titles are recycled, the concrete and masonry waste,
accounting for more than 60% of the construction
and demolition debris, are not being presently reused
in India.
Construction waste is being reused in many
European Countries. More than 60% of the waste has
been recycled in these countries and the recycling
prospect in India constitutes only about 6-8%.
Concrete and masonry waste can be reused by
sorting, crushing and sieving into recycled aggregate.
Such

concrete for construction and building material.

recycled aggregate can be used to produce

The use of recycled concrete aggregate started almost
70 years ago just after the Second World War, during
demolished by

bombing. Many researchers around the world

which many structures were
endorse the use of recycled concrete aggregates in
concrete mixes that can be used for structural and
non-structural applications. However, very few
experimental studies are conducted on use of brick
masonry waste in concrete applications.

The

importance

sustainability in construction
the

consumes large quantities of natural resources and

gained

since construction industry
produces huge quantities of waste. Concrete being a
composite material (a binder, water, and aggregates)
that is widely used, there exists a large scope of

them being reused.

Hypothesis and objectives of the study

Natural aggregate resources can be preserved by
reusing the bricks after crushing them into size of
aggregates. This also addresses the issue related to
disposal of construction debris thereby decreasing

Certain issues related to
if addressed

environmental pollution .

water absorption and impurities,

Volume 4, Issue 9, November-December-2019 | www.ijsrcseit.com

properly results in utilization of brick waste in
concrete mixes as an alternative solution.

With this backdrop, an experimental study is carried
out to assess the practicability of using brick masonry
waste as a partial replacement for natural coarse and
fine aggregates in concrete mixes. The objective of

the study is as follows:

To study the properties of concrete mixes in its fresh
and hardened state by using coarse recycled brick
aggregate (CRBA) partially in place of natural coarse
aggregate (NCA) by 10%, 20%, 30%, and 40%.

Literature review

Debieb and Kenai [1] attempted to determine the
possibility of using crushed brick as coarse and fine
aggregate in concrete mixes and opined that brick
aggregates can be used up to 25% and 50% for the

coarse and fine aggregates, respectively.

Cachim [2] concluded that a 15% replacement of
natural coarse aggregate by brick aggregate results in
same property as that of that of concrete made with

natural aggregates.

Yang et al... [3], ascertained the influence of crushed
clay bricks (as coarse aggregate) on properties of
recycled aggregate concrete, the concrete mix with
50% of crushed clay bricks and 50% of recycled
concrete aggregates yields satisfactory results in terms
of durability.

Ge et al.... [4], emphasized the use of recycled clay
brick powder as replacement to cement in concrete
mixes partially. They also proposed an optimal mix
design through experimentation and orthogonal

analysis.

Aliabdo et al... [5], explored several possibilities of
using crushed clay brick in the concrete industry, the
experimental evidence encourages the use of brick
waste in many applications where the temperature
resistance, economy, and environmental aspects are

considered.

Bektas et al... [6], advocated the use of 10% and 20%

of crushed clay brick fine aggregate in mortar
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specimens, by considering the strength and durability

aspects.

Poon and Chan [7], concluded the use of 25%
crushed clay brick satisfies the strength requirements
for Grade B paving blocks as prescribed by ETWB of
Hong Kong

Sadek [8] investigated the feasibility of using crushed
brick aggregates in making solid cement bricks. He
found that the parameters such as size and
replacement level of the crushed bricks have a

detrimental effect on the compressive strength.

Materials and Methods

Concrete mixes are prepared by using cement, NFA,
NCA, and CRBA.CRBA is obtained by manual
crushing of brick bats using a hammer.

Ordinary Portland cement (OPC) of 53 grade is used
throughout the experimental study. aFor NCA
Crushed stone is used and for NFA river sand <4.75
mm is used. The physical properties of materials are

evaluated in compliance with the codes.

Properties of Ingredients

The physical properties of cement were evaluated in
compliance with the IS 4031 [9-14]. The outcomes
are listed in Table II. The physical properties of
NCA, CRBA, NFA are evaluated in compliance with
the IS: 2386 [15, 16]. The outcomes are listed in
Table III.

TABLE II. PHYSICAL PROPERTIES OF CEMENT

SLNo | Parametres Cement
Specific gravity | 3.08

2 Fineness (%) 3.06
Standard

3 . 31
consistency (%)
Initial  setting

4 . . 60
time (min)
Final setting

5 . . 220
time (min)
Compressive

6 56
strength, N/mm?
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TABLE III. PHYSICAL PROPERTIES OF AGGREGATES

Aggregates
SLNo. | Parameters
NCA | CRBA | NFA
Specific
1 . 2.65 1.83 2.6
Gravity
Water
. 0.25 12.9 -
absorption
Fineness
2 6.6 6.52 3.52
Modulus
Impact test
5 16.5 57 -
(%)
Crushing
6 28.5 60.3 -
test (%)
Mix design

The mix proportion adopted is 1:2:3.3 having 0.8% of
SP, and 0.45 water cement ratio. The concrete mixes
were prepared using two fractions of coarse
aggregates. The coarse aggregate passing 20 mm and
retained on 10 mm IS sieve is used as 60% while, the
remaining 40% is the fraction passing 10 mm and
retained on 4.75 mm IS sieve. The natural coarse
aggregate is used in SSD state and natural fine

aggregate are used in ambient dry state.

Casting and curing of test specimens

In compliance with IS: 10086 [18] 150 mm size
concrete cubes and conforming to IS: 5816 [19]
cylinders of size 150 mm dia. and 300 mm height are
prepared. The specimens are removed from moulds
After 24 hours,the specimens are removed from the
moulds and immersed completely in the curing tank
for curing. Compressive strength is evaluated using 4
Cube specimens each at seven and twenty eight days
, while the split tensile strength is found out using 3

cylinder specimens.

Tests performed on concrete mixes
The main purpose of this experimental study is to
evaluate the properties of concrete mixes by partially

replacing NCA by CRBA. In view of this,

T




experiments are performed to evaluate the fresh and
hardened properties of the concrete.

Slump and compaction factor test were conducted to
evaluate the fresh state of concrete. These tests were
performed as per IS: 1199 [20].

The compressive strength of the concrete is tested as
per the guidelines outlined in IS: 516 [21]. IS: 5816
[19] is followed for testing tensile strength of

concrete.
Results and Discussions

Fresh properties
Table IV represents slump and compacting factor test
With the

workability of the concrete decreases.

results. increase in CRBA content,

TABLE IV. SLUMP AND COMPACTION FACTORS OF
CONCRETE MIXES

) Slump
. Mix .

Brick Dbats . . in CF

Designation
as mm

CM 120 0.93

. 10 CRBA 90 0.93

Partial

20CRBA 70 0.92
replacement

30 CRBA 60 0.89
for NCA

40 CRBA 50 0.87

Compressive Strength

The compressive strength of the concrete mixes with
partial replacement of NCA by CRBA is listed in
Table V. The compressive strength of CM at 7 and 28
days is found to be 43.0 and 55.0 MPa respectively.
Fig 1 represents the variation in compressive strength
with partial replacement of NCA by CRBA.

The compressive strength at 7 days for the concrete
mixes CM, 10CRBA, 20 CRBA, 30 CRBA and 40
CRBA are 0.78, 0.79, 0.66, 0.61 and 0.79 times that of

28 days compressive strength of the respective mixes.
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TABLE V. COMPRESSIVE STRENGTH OF CONCRETE
MIXES

i Compressive Strength in MPa
Mix
At 7 28
Designation Average Average
days days
37 53.9
449 56.7
CM 43 55
45.1 52.9
449 56.7
43 52
42.4 53.6
10 CRBA 42.6 53.9
40.1 54
449 56.1
36 46.7
32.7 52
20 CRBA 34 51
34.5 51.8
32.8 53.6
30 42.1
25.3 49.9
30 CRBA 29 46.9
31 46.4
29.7 49
29 38.2
28.1 37.9
40 CRBA 29 36.4
28.1 36.9
30.7 32.7

A marginal reduction in 28 days’ compressive
strength is observed up to 20% replacement of NCA
by CRBA. The percentage reduction corresponds to
2% and 6% respectively. At 30% replacement level,
the compressive strength is 46.9 MPa and the
reduction is about 15%, as compared to CM. Nearly
30% reduction in the compressive strength is

observed at 40% replacement level.




7 days Compressive strength n MPa 28 days Compressive strength nMPa

i.  The workability of the concrete mixes decreases
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with an increase in CRBA and FRBA content.
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ii. A marginal reduction in 28 days compressive

strength is observed up to 20% replacement of
NCA by CRBA. The percentage reduction
corresponds to 2% and 6% respectively. At 30%
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replacement level, the compressive strength is
cM 10 CRBA 20 CRBA 30 CREA 40 CRBA

1K DESIGNATION 46.9 MPa and the reduction is about 15%, as

compared to CM. A nearly 30% reduction in the
Fig. 1. Variation in compressive strength with

compressive strength is observed at 40%
partial replacement of NCA by CRBA

replacement level.
iii.  The tensile strength decreases with increase in

Split tensile strength
CRBA content in concrete mix
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ABSTRACT

In this paper the seismic performance of irregular steel structure with varying irregularity ratio have been
investigated. For the study purpose, two different models with vertical geometric irregularity and plan
irregularity according to IS 1893 (part 1) -2002 have been considered. The irregularity ratio (A/L) where A is
offset and L is base width has been varied from 0.2 to 0.8. Irregular structures have been modeled using
ETABS, a finite element software and plastic hinges are assigned to incorporate the inelastic seismic
behaviour of structures. Performance of eleven irregular structures has been compared with regular frame
structure in terms of base shear carrying capacity, roof displacement and performance point, using pushover
analysis. The results indicates that as irregularity ratio increases, base shear carrying capacity and
performance point of irregular structure decreases.

Keywords : Irregularity ratio; plan irregularity; pushover analysis; seismic behaviour; vertical geometric

irregularity.
I. INTRODUCTION

An earthquake is a natural phenomenon which
induces seis-mic wave causing ground motion, Due
to this lateral forces will act on structures which in
turn cause severe damage or collapse of structures.
When the structure is under seismic excitations,
elements in structure reaches its inelastic zone. For
seismic evaluation, nonlinear behaviour of structure
in inelastic zone plays significant role. Hence elastic
behaviour of structure is not sufficient to analyses
and design the structures [1]. During seismic
excitations considering inelastic behaviour with
elastic behaviour, the real behaviour of structures

can be studied.

In the last decade, pushover analysis is used to study

performance of structure under seismic exaction.

CSEIT194911 | Published - 21 Dec 2019 | November-December-2019 [ (4) 9:75-82]

Pushover analysis is a sequential analysis method to
study the inelastic behaviour of structures, when the
structure pushed by providing monotonically
increasing lateral force until a predefined target roof
displacement is reached or till collapse of structure
[2]. Also pushover analysis provides details regarding
capacity curves and demand curves which represent
ability of structure to resist the lateral loads and
earthquake ground motion respectively [3].
Performance point can be obtained by superimposing

capacity curves and demand curves on each other.

Irregular structures have been commonly used due to
site restriction, various functional requirements and
architectural demands. Researchers have shown that,
irregular structure attracts more seismic forces
compared to regular structures [4]. In an earlier

research authors have study on the amount of
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eccentricity of structures effecting the seismic
behaviour. Results indicates that as eccentricity
increases, torsion increases. Due to which accuracy
of seismic response is reduced [5]. Authors of the
researcher studied seismic response considering
various structural

irregularities  type  of

configurations.

Shows than seismic response of structure varies with
the irregularities type [6]. When plan irregularity
and vertical irregularity structures on a sloping
ground is considered, the vertical irregularity
structures are more critical in seismic performance
[7]. Also various researches have been carried out in
order to study the seismic performance of steel frame
structures. Results show that steel structures have
high seismic performance [8-10]. However, limited
studies have been carried out in the effect
irregularity ratio on irregular steel structures for
seismic evaluation. So in this study, using pushover
analysis, the effect of irregularity ratio on vertical

geometric irregularity and plan.

II. METHODOLOGY
A 10 story structure with height of each story 3 m is
The plan of

dimension 15 m x 15 m of regular structure

considered as regular structure.
considered in the study is given in Fig. 1. The rein-
forced concrete slab considered is of 150 mm thick
with M 20 grade of concrete. Eleven irregular models
are considered by varying irregularity ratio. The
irregularity ratio is varied by varying the offset and

keeping the base width constant.

As per IS 1893 (part 1) — 2002 [11], Fig.2 shows, type
(i) and type (ii) structures which are two types of
vertical geometric irregularities. Fig.3 shows, type
(iii) and type (iv) structures which are two types of
plan irregularities. Fig. 4 to 6 shows the variation in
irregularity ratio of type (i) structure. Fig. 7 and Fig.
8 shows the variation in irregularity ratio of type (ii)
structure. Fig. 9 to 11 shows the variation in

irregularity ratio of type (iii) structure. Fig. 12 to 14
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shows the variation in irregularity ratio of type (iv)

structure.
—3.0 3.0 3.0 3.0 3.0—
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Fig. 1. Plan of the building
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Fig.2. Two types of vertical geometric irregularity as
per IS 1893 (part 1) — 2002
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Fig.3. Two types of plan irregularity as per IS 1893
(part 1) —2002
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4 story2

story?2
2 story 1

story 1

OO OO O .o . .3

I I Y [N A Y Y | Fig. 6: Model 3, frame showing type (i) irregular
structure with irregularity ratio of 0.8
Fig. 4: Model 1, frame showing type (i) irregular

structure with irregularity ratio of 0.4 ) .
J y The dead and live loads are considered on structure

story10 is based on IS 875 (Part I) [12] and IS 875 (Part II)

story9 [13] respectively. Live load considered on all floors is
SHaER 3 kN/m? and on roof is 1.5 kN/m? with Dead load on
— floor is 1 kN/m?on all structural models. For seismic
story
evaluation, structural models considered is situated
story6 . .. . .
in seismic zone III with response reduction factor as
SRS 2 four. All the structural configurations are having
story4 importance factor of one with soil type medium.
story3 Using ETABS, a finite element software, beams and
story? columns are modelled as frame elements with slab
- considered as membrane element. For the seismic
story 1l
analysis simplicity structural models are considered
R s B fixed at the base. The structural models both regular
Fig. 5. Model 2, frame showing type (i) irregular and irregular structures are designed according to IS
structure with irregularity ratio of 0.6 800 (2007) [14].

The designed steel section used for beams, columns
and bracings are ISMB 200, ISWB 600-2 and ISLB
175 respectively with grade of steel used is Fe 250.
The auto hinges for incorporation of inelastic
behaviour of structures, M3, P-M2-M3 and P hinges
are assigned to beams, columns and bracings
respectively according to ASCE 41-13[15]. For
seismic performance evaluation, the base shear
carrying  capacity, roof  displacement and

performance point are considered in both the
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direction of applied earthquake loading i.e. X and Y

direction.
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Fig. 7: Model 4, frame showing type (ii) irregular

structure with irregularity ratio of 0.2
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O 3

Fig. 8: Model 5, frame showing type (ii) irregular

structure with irregularity ratio of 0.4
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Fig. 10: Model 7, frame showing type (iii) irregular

structure with irregularity ratio of 0.6
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Fig. 11: Model 8, frame showing type (iii) irregular

structure with irregularity ratio of 0.8

<
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Fig. 12: Model 9, frame showing type (iv) irregular

structure with irregularity ratio of 0.4
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III. RESULTS AND DICUSSION

The results obtained from nonlinear pushover
analysis are dis-cussed here. Fig. 15 to 20 shows the
capacity curves comparing the irregular structural
models with regular structural model. The variation
of capacity curves in Y direction for irregular
structures of type (ii) and type (iv) follows the
similar trend as shown in Fig. 17 and Fig. 20

respectively.

5000

0 T T T T T T |
0 200 400 600 800 1000 1200 1400

RoofDisplacement (mm)

‘ e Regular Structure  *+¢e0+Model1 == == )odel2 e Model3 ‘

Fig. 15: Capacity curves, comparing vertical
geometric irregularity of type (i) structures with

regular structure in X direction of earthquake
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Fig. 16: Capacity curves, comparing vertical
geometric irregularity of type (i) structures with

regular structure in Y direction of earthquake
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Fig. 17: Capacity curves, comparing vertical

geometric irregularity of type (ii) structures with

regular structure in X direction of earthquake
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Fig. 18: Capacity curves, comparing plan irregularity
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direction of earthquake
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Fig. 20: Capacity curves, comparing plan irregularity
of type (iv) structures with regular structure in X

direction of earthquake

From Fig. 15 to 20, graph indicates that, as
irregularity ratio increases, base shear carrying
capacity of irregular structure decreases. Comparing
roof displacement of all irregular structural models
with roof displacement of regular structure, the
values are almost same with few exception. There is
reduction of 6.5% and 9% of roof displacement
occurring in model 5 compared to regular structure
in X and Y direction respectively. Whereas roof
displacement is reduced by 18% in Y direction of
The

irregularity ratio of 0.4 have higher base shear

model 8 compared to regular structure.
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carrying capacity compared to all other irregularity
ratios considered in the study. The stiffness in all
structural configurations along X direction is more
compared to Y direction, hence base shear carrying
capacity of all the models in X direction is higher.
From Fig. 15 to 20, base shear carried by the
irregular structures is considerably reduced when
compared to regular structure. Table 1 shows
percentage decrease in base shear along X and Y

direction.

From Table 1, vertical geometric irregularity of type
(i), the models 1, 2 and 3 shows an average reduction
in base shear carrying capacity of 2%, 9% and 18.5%
when compared to regular structure respectively.
Whereas vertical geometric irregularity of type (ii),
the average reduction in base shear carrying capacity
of model 4 and model 5 are 26% and 64% when
compared to regular structure respectively. Hence
vertical geometric irregularity of type (i) models
have shown higher base shear carrying capacity
compared to type (ii) From Table 1, plan irregularity
of type (iii), the models 6, 7 and 8 shows an average
reduction in base shear carrying capacity of 19%,
28% and 40% when compared to regular structure
respectively. Whereas plan irregularity of type (iv),
the average reduction in base shear carrying capacity
of models 9, 10 and 11 are 25%, 38% and 52% when
compared to regular structure respectively. Hence
plan irregularity of type (iii) models have shown
higher base shear carrying compared to type (iv)
models for all irregularity ratios. The vertical
geometrical irregularity of type (i) has higher base
shear carrying capacity compared to all irregular

configurations considered in the study.

Table 2 and Table 3 shows the base shear carried and
displacement at performance point of structures for
earthquake in X and Y direction respectively. From
the Table 2 and Table 3 the base shear carrying
capacity at the performance point of regular
structure is higher compared to all irregular models
considered. As the irregularity ratio increases the
base shear carrying capacity at performance point

decreases for both X and Y direction of earthquake.

[ 80 L




In irregular models the model 2 carried higher base
shear capacity compared to all configurations

considered in the study.

TABLE 1: PERCENTAGE DECREASE IN BASE SHEAR FOR
CORRESPONDING DIRECTION OF EARTHQUAKE

Percentage
Structur | Percentage decrease | decrease in
al in base shear along | base  shear
models | in X direction (%) along Y
direction (%)
Model 1 | 2.61 1.44
Model 2 | 8.20 7.05
Model 3 | 19.30 17.62
Model 4 | 26.13 26.47
Model 5 | 67.88 60.48
Model 6 | 18.77 19.34
Model 7 | 28.59 29.03
Model 8 | 39.34 41.66
Model 9 | 24.80 2591
Model
10 37.56 38.85
Model
1 52.00 51.81

TABLE 2: THE BASE SHEAR CARRIED AND ROOF
DISPLACEMENT AT PERFORMANCE POINT OF
STRUCTURE FOR EARTHQUAKE IN X DIRECTION

Structur | Performance point

al Base  shear
models Base shear (kN) (kN)
Model 1 | 3639.88 360.22
Model 2 | 3196.81 354.53
Model 3 | 2552.29 348.74
Model 4 | 2481.46 351.81
Model 5 | 961.55 328.74
Model 6 | 3030.24 365.72
Model 7 | 2619.79 373.43
Model 8 | 2206.91 393.84
Model 9 | 2760.60 362.50
Model

10 2206.94 372.26
Model 1643.24 409.63
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Structur | Performance point
al Base shear
models | Base shear (kN) (kN)
11
TABLE 3: THE BASE SHEAR CARRIED AND

DISPLACEMENT AT  PERFORMANCE  POINT OF
STRUCTURE FOR EARTHQUAKE IN Y DIRECTION

Structur | Performance point

al Base  shear
models | Base shear (kN) (kN)
Model 1 | 2829.74 526.64
Model 2 | 2495.44 516.19
Model 3 | 2057.33 477.22
Model 4 | 2030.35 449.27
Model 5 | 954.54 369.85
Model 6 | 2363.28 468.39
Model 7 | 2041.52 458.85
Model 8 | 1720.31 450.24
Model 9 | 2152.02 471.53
Model

10 1720.90 458.09
Model

1 1287.26 436.65

IV. CONCLUSION

Based on the result and discussion it can be
concluded that, as irregularity ratio increases, base
shear carrying capacity and performance point of
irregular structure decreases. Regular structural
model showed higher seismic performance in both X
and Y direction compared to all irregular structural
The
irregularity models of type (i) has higher seismic
the

configurations considered in the study. Also vertical

models considered. vertical geometrical

performance compared to all irregular

geometrical irregularity of type (ii) has least seismic
the

performance compared to all irregular

configurations considered in the study
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ABSTRACT

Due to rapid urbanization in India, environmental impacts from construction and demolition (C&D) waste
are increasingly becoming a major issue in urban waste management. Construction and demolition waste is
generated whenever any construction/demolition activity takes place. It consists mostly of inert and non-
biodegradable material such as concrete, plaster, metal, wood, plastics etc. A major part of this waste comes to
the municipal stream. This study aims to focus on the possibilities of reuse, recycling and renovation in
reducing C&D waste. Various practices of reuse and recycling like renovation, concrete recycling, and
deconstruction were studied. Along with reduction in C&D waste these practices can reduce the exploitation
of virgin natural resources. Renovation of existing residential building for new requirements was done to
reduce the demolition waste produced. It helped in the onsite reuse of functional parts of existing building for
the new building. In this particular study we were able to save the entire foundation, roofing frame, flat slab
and 73.84% of wall for superstructure.
Keywords : Construction & demolition waste, deconstruction, renovation, recycling, reuse, material recovery
I. INTRODUCTION of waste emission continue with current poor solid
waste management and limited solid waste facilities

Parallel to rapid urbanization in India, which are evident in most of mega-urban centers.

environmental impacts from construction and Apart from this construction Industry is the largest

demolition (C&D) waste are increasingly becoming a
major issue in urban waste management. C&D waste
management in India and other developing countries
is relatively underdeveloped and emerging.
Particularly in mega-cities, where rapid population
growth and economic development is evident, an
increasing growth of built environment is also
manifested. This built environment includes the
urban infrastructures, high rise commercial buildings
and  residential  buildings, among  others.
Construction, renovation, and demolition activities

of the built

contributing to one of the major environmental

environment cause C&D waste

burdens. Furthermore, these environmental burdens

CSEIT194911 | Published - 21 Dec 2019 | November-December-2019 [ (4) 9:83-91 ]

sector in respect of consumption of energy. It
consumes around 2/5th of the total consumed energy
throughout the world. Resource utilization in case of
construction industry amounts to half of the total

resource used all over the world.[1]

Construction and demolition waste is generated
whenever any construction/demolition activity takes
place. It consists mostly of inert and non-
biodegradable material such as concrete, plaster,
metal, wood, plastics etc. A part of this waste comes
to the municipal stream. These wastes are heavy,
having high density, often bulky and occupy

considerable storage space either on the road or
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communal waste bin/container. Waste from small
generators like individual house construction or
demolition, find its way into the nearby municipal
bin/vat/waste storage depots, making the municipal
waste heavy and degrading its quality for further
treatment like composting or energy recovery. A
large part of it from bulk generators goes to existing

landfills, eating into their spaces. [1]

It is estimated that the construction industry in India
generates about 10-12 million tons of waste annually.
It constitutes about 10-20 % of the municipal solid
waste (excluding large construction projects). While
some of the items like bricks, tiles, wood, metal etc.
are re-used and recycled, concrete and masonry,
constituting about 50% of the C&D waste is not
currently recycled in India. The fine dust like
material (fines) from C&D waste is presently not

being used and thus wasted.

C&D waste requires focus primarily in view of (i) its
potential to save natural resources (stone, river sand,
soil etc.) and energy (ii) its bulk, which is carried for
long distances without any proportionate return (iii)
the space it occupies at the sanitary landfill site
unless the fines are used as landfill cover, (iv) its
potential for spoiling processing of biodegradable as
well as other recyclable waste. On the other hand it
has potential use after processing and grading. There
is a huge demand of aggregates in the housing and
road sectors but there is significant gap in demand
and supply, which can be reduced by recycling
construction and demolition waste to certain
specifications. Thus, its presence in terms of quantity
as well as its importance is growing. So far in India
there is very little effort to manage and utilize

construction and demolition waste.[1]

CONSTRUCTION & DEMOLITION WASTE

Construction and demolition waste is generated
whenever any

Construction/demolition activity takes place, such as,
building roads, bridges, flyover, subway, remodeling

etc. It consists mostly of inert and non-biodegradable

Volume 4, Issue 9, November-December-2019 | www.ijsrcseit.com

material such as concrete, plaster, metal, wood,
plastics etc. A part of this waste comes to the

municipal stream.

These wastes are heavy, having high density, often
bulky and occupy considerable storage space either
on the road or communal waste bin/container. It is
not uncommon to see huge piles of such waste,
which is heavy as well, stacked on roads especially in
large projects, resulting in traffic congestion and
like

individual house construction or demolition, find its

disruption. Waste from small generators
way into the nearby municipal bin/vat/waste storage
depots, making the municipal waste heavy and
degrading its quality for further treatment like
composting or energy recovery. Often it finds its way
into surface drains, choking them. It constitutes
about 10-20 % of the municipal solid waste

(excluding large construction projects). [1]

It is estimated that the construction industry in India
generates about 10-12 million tons of waste annually.
Projections for building material requirement of the
housing sector indicate a shortage of aggregates to
the extent of about 55,000 million cum. An
additional 750 million cu.m. aggregates would be
required for achieving the targets of the road sector.
Recycling of aggregate material from construction
and demolition waste may reduce the demand-

supply gap in both these sectors.[1]

While retrievable items such as bricks, wood, metal,
titles are recycled, the concrete and masonry waste,
accounting for more than 50% of the waste from
construction and demolition activities are not being
currently recycled in India. Recycling of concrete
and masonry waste is, however, being done abroad
in countries like U.K., USA, France, Denmark,

Germany and Japan.[1]

STORAGE OF CONSTRUCTION AND
DEMOLITION WASTE

C&D wastes are best stored at source, i.e., at the

point of generation. If they are scattered around or

[ea 1




thrown on the road, they not only cause obstruction
to traffic but also add to the workload of the local
body. All attempts should be made to stick to the

following measures:

1. All construction/demolition waste should be
stored within the site itself. A proper screen
should be provided so that the waste does not get
scattered and does not become an eyesore.

2. Attempts should be made to keep the waste
segregated into different heaps as far as possible
so that their further gradation and reuse is
facilitated.

3. Material, which can be reused at the same site
for the purpose of construction, leveling, making
road/pavement etc. should also be kept in
separate heaps from those, which are to be sold
or land filled.

4. The local body or a private company may
arrange to provide appropriate number of skip
containers/trolleys on hire which may be parked
at the site and removed with skip lifters or
tractors as the case may be.

5. Whenever a

introduced in a municipality, the local body may

new streamlined system is
consider using its old vehicles, especially, tractors
and trailers or old Lorries or tippers for this
purpose.

6. For large projects involving construction of
bridges, flyovers, subways etc., special provision
should be made for storage of waste material.
Depending on the storage capacity, movement of
the waste has to be planned accordingly.
Otherwise, it would result in job constraint as
well as traffic bottlenecks.

7. This subject is often neglected in case of

pipes,

underground telephone and electric cables etc. It

repair/maintenance of roads, water
is not uncommon to see that after such work, the
waste remains piled for months on the roads or
pavements. The concerned departments and
the

municipality for removal of the debris generated.

contractors must co-ordinate  with

The municipality while giving permission for

Volume 4, Issue 9, November-December-2019 | www.ijsrcseit.com

such work should clearly sort out the issue of
removal of the debris and should insist that
immediately after the job is over, the road should

be repaired and brought back to its normal shape.

[1]

RECYCLING AND REUSE OF C&D WASTE

The use of these materials basically depends on their

separation and condition of the separated material. A

majority of these materials are durable and therefore,

have a high potential of reuse. It would, however, be
desirable to have quality standards for the recycled
materials. Construction and demolition waste can be

used in the following manner: [1]

1. Reuse (at site) of bricks, stone slabs, timber,
conduits, piping railings etc. to the extent
possible and depending upon their condition.

2. Sale / auction of material which cannot be used at

the site due to design constraint or change

in design.

3. Plastics, broken glass, scrap metal etc. can be used

by recycling industries.

4. Rubble, brick bats, broken plaster/concrete pieces

etc. can be used for building activity, such as,

leveling, under coat of lanes where the traffic does
not constitute of heavy moving loads.

5. Larger unusable pieces can be sent for filling up

low-lying areas.

6. Fine material, such as, sand, dust etc. can be used

as cover material over sanitary landfill.

Metropolitan and mega cities usually generate huge

quantities of wastes because of large-scale building

and other developmental activities. They may
identify suitable sites where such waste can be
temporarily stored and some physical treatment can

be carried out. [1]

DISPOSAL OF C&D WASTE

Being predominantly inert in nature, construction
and demolition waste does not create chemical or
biochemical pollution. Hence maximum effort
should be made to reuse and recycle them as

above. The material can be used for

[ 85 1L

indicated




filling/leveling of low-lying areas. In the
industrialized countries, special landfills are
sometimes created for inert waste, which are

normally located in abandoned mines and quarries.
The same can be attempted in our country also for
cities, which are located near open mining quarries
or mines where normally sand is used as the filling
material. However, proper sampling of the material
for its physical and chemical characteristics has to be
done for evaluating its use under the given

circumstances. [1]

CHALLENGES IN C&D WASTE RECYCLING

C&D waste is a major component of the solid waste
stream, which should be recognized as a valuable
resource as large quantities of it could either be
reused or recycled. C&D waste has been mostly
overlooked in the efforts to reduce waste sent to
landfill, with the emphasis being placed on domestic
reuse and recycling. With this view, Asian countries
have a problem of disposal sites of which C&D waste
largely account to it. Environmental issues such as
increase in volume and type of waste, resource
depletion, shortage of landfill and illegal dumping,
among others are evident in countries in the region.
Furthermore, the Asian countries have limited or no
available data on C&D waste and the management
aspects, particularly with regards to their C&D waste
generation and composition; practices and policy,
key actors and stakeholders’ participation and
available technology related to 3Rs. Most of the local
governments do not recognize and include C&D

waste in their waste management plan. [1]

CONCRETE RECYCLING

Concrete is a composite construction material
composed primarily of aggregate, cement and water.
Concrete is everywhere. Concrete is widely used for
making architectural structures, foundations,
brick/block walls, pavements, bridges/overpasses,
motorways/roads, runways, parking structures, dams,
pools/reservoirs, pipes, footings for gates, fences and
poles and even boats. Twice as much concrete is used

in construction around the world than the total of all
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other building materials, including wood, steel,
plastic and aluminium. Concrete is extremely
durable and can last for hundreds of years in many
applications. Concrete is an excellent material to
make long-lasting and energy-efficient buildings.
However, even with good design, human needs
change so buildings will be demolished and thus

potential waste will be generated. [6]

Concrete has fairly unique properties and its
recovery often falls between standard definitions of
reuse and recycle. Concrete is rarely able to be
“reused” in the sense of being reused in its original
whole form. Nor is it “recycled” back into its original
input materials. Rather, concrete is broken down
into smaller blocks or aggregate for use in a new life.
So generally “recycled concrete” refers to concrete
that has been diverted from waste streams and
reused or recovered for use in a new product.
Concrete recycling is a well established industry in
many countries and most concrete can be crushed
and reused as aggregate.[6]
Concrete can be recycled from:
e Returned concrete which is fresh (wet) from
ready mix trucks
e Production waste from a pre-cast production
facility

e Waste from construction and demolition

The most significant source is demolition waste.

It is a material that can last for a very long time, and
most concrete waste is generated not because the
concrete is worn out, but usually because the
structure itself has become redundant with changing
infrastructure needs and planning. In some countries
near full recovery of concrete is achieved, in most
parts of the world the potential to recover concrete is
overlooked and it ends up as unnecessary waste in
landfill. Extraction of materials for aggregates like
broken stone, sand etc create significant
environmental degradation, pollution and energy
consumption. Recycling of concrete can replace a

considerable amount of natural aggregate required
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for the production of concrete and other purposes

like road construction. [6]

DECONSTRUCTION

Deconstruction is a relatively recent practice in
which buildings are carefully dismantled to salvage
components for reuse and recycling. Its benefits
include reducing the amount of construction and
(C&D) landfills,

conserving resources through recycling, generating

demolition waste going to
marketable products from salvage, providing job
training to low and unskilled workers, and creating
jobs. Deconstruction is a process of building
disassembly in order to recover the maximum
amount of materials for their highest and best re-use.
Re-use is the preferred outcome because it requires
less energy, raw materials, and pollution than
recycling does in order to continue the life of the
material. As a consequence of deconstruction, there
are also many opportunities for recycling other

materials along the way. [7]

Deconstruction combines the recovery of both
quality and quantity of reusable and recyclable
materials. The re-use of materials can serve a broad
set of goals including the provision of low-cost
and the

building materials to a community,

avoidance of demolition debris going to landfills. [7]

The deconstruction process roughly follows the
reverse of the construction process. The premise is
that materials which have been put on last will come
off first. Variations occur for whole building sections,
for example, an addition will be removed in its
entirety separately from the rest of the building. The
practice of focusing on each material type in a
reverse order of the construction process is more
efficient for separating materials for reuse, recycling,
and disposal at the time of removal. Additions are an
impediment to removing one type of material or
whole sections of the original structure, but can

provide a working surface for other parts of the
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building, and be structurally dependent on other
parts of the building.

EPA ON DECONSTRUCTION

According to the Old Research Report on Recycling;
Environmental Protection
EPA

“deconstruction” as the disassembly of buildings to

Training Programs;
Department; Demolition defines
safely and efficiently maximize the reuse and
recycling of their materials. While windows, doors
and light fixtures are routinely salvaged as part of
standard demolition practice, deconstruction also
aims to save and reuse flooring, siding, roofing, and
framing where these materials have retained their
value. In some cases, EPA notes, deconstruction can
save materials that are otherwise not available, such

as old-growth Douglas fir and redwood lumber. [8]

EPA

program that helps take care of the enormous stock

calls deconstruction a “grave-to-cradle”
of buildings reaching the end of their useful lives
while simultaneously reducing the pressure to mine
or harvest natural resources for new construction,
reducing the need for landfill space, and creating

new jobs. [8]

According to EPA, construction activities consume
60% of the total raw materials used in the U. S.
economy. EPA estimates that 136 million tons of
building-related C&D waste is generated annually, of
which 92% is from renovation and demolition work.
Only 20 to 30% of C&D waste is being recycled. [8]

Deconstruction provides the following

environmental benefits:-

e Reducing the C&D waste stream, saving landfill
space.

e Saving natural resources that would otherwise be
used, reducing the need for, and environmental
impacts of, mining and timber-cutting.

e Saving energy by and

reusing recycling

materials.
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Reducing job site pollution from dust, airborne lead

and asbestos

Deconstruction provides the following social

benefits:

e Creates jobs because it requires more labour.
e Deconstruction’s basic skills are easily learned,
enabling unskilled and low-skilled workers to

receive on-the-job training.
TYPICAL METHODS OF DECONSTRUCTION

Deconstruction is commonly separated into two
Non-

“soft-

categories; structural and ~ non-structural.

structural deconstruction, also known as
stripping”, consists of reclaiming non-structural
components, appliances non doors, windows, and
finish materials. The reuse of these types of materials
is commonplace and considered to be a mature

market in many locales. [8]

Structural deconstruction involves dismantling the
structural components of a building. Traditionally
this had only been performed to reclaim expensive or
rare materials such as used brick, dimension stone,
and extinct wood. In antiquity, it was common to
raze stone buildings and reuse the stone; it was also
common to steal stones from a building that was not
being totally demolished: this is the literal meaning
of the word dilapidated. Used brick and dimension
limestone in particular have a long tradition of reuse
due to their durability and color changes over time.
Recently, the rise of environmental awareness and
sustainable building has made a much wider range of
materials worthy of structural deconstruction. Low-
end, commonplace materials such as
dimensional lumber have become part of this newly

emerging market. 8]

RENOVATION

Renovation is the process of modifying an existing
structure to suit the modern requirements of users.
This is an existing practice locally but not widely

practiced and it can enable the reuse of building
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materials producing material savings. Buildings are
usually demolished not because they are completely
damaged and become useless, but usually because the
building itself has become redundant with changing
needs and lifestyle. Therefore instead of demolishing
the existing building and constructing a new
building, existing building can be modified to suit
the current needs. This can considerably reduce the
amount of demolition waste generated. This is an
alternative that should be considered before the

demolition of any building.

CASE STUDY

In order to make an assessment of the renovation
process in material savings we have done a case study
on a renovated building. It is a residential building in,

Kollam, Kerala, India.

DETAILS OF OLD BUILDING

Total area  :196.98m? (excluding porch)

Roof : Sloping tiled roof, RCC flat roof 10cm
thick

Floor : Mosaic floor

Plastering  : Cement Plastering.

Walls : 20 cm thick laterite wall.

Existed old building had various issues like:
e Inadequate ventilation
o Insufficient daylight
e Outdated fashion
e Outdated function

¢ Inadequate living space

In order to overcome the above mentioned
difficulties and to satisfy the requirements of the
residents the house had been renovated. We
compared both the buildings with available data
on both like building drawings and data collected
during the site visit and documentation of the
renovated building by our project team.
DETAILS OF RENOVATED BUILDING

Total area  :196.98m? (excluding porch)
Roof : Sloping tiled roof, RCC flat roof 10cm
thick
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Floor : Vitrified tiles

Plastering : Cement Plastering
Walls : 20 cm thick laterite wall
FOUNDATION

Foundation of the old building did not have any
settlement or weakness, therefore existed foundation
is completely retained for the renovated building.
5.12m of new wall is constructed to make minor
changes in the plan new foundation is given for this
much length.

According to this almost entire foundation for the
renovated building is retained from the old building.
This means the saving of 71.13m3 of foundation
material which was needed to provide foundation for
the new building. Currently demolition waste from
random rubble masonry is not recycled or reused
except for usable rubble after demolition in some
cases. So retaining effectively reduced the demolition
waste. This can be considered as the reuse of existed
foundation in the renovated building which leads to
the saving of material and reduction in waste

production.

WALLS

The major issue that was addressed in the renovated
building is lack adequate space for living and dining
areas and ventilation and lighting in the interior
parts of the building. For this purpose some of the
interior walls of the building were removed some
small partition walls are added. This was one of the
major restructuring processes in the renovation of
this building. Changes in the superstructure have
lead to the removal and addition of considerable
amount of brick work. Walls of the old building
were of laterite and the newly added partitions and

walls were of brick masonry.

According to the calculations is 26.16% (17.09m?3) of
laterite wall is removed and 17.22% (11.25m3) of
brick wall is added in the renovation of the building.
This means 73.84% of laterite wall in the old
building is retained in the renovated building. This

saved 48.24m3 of brick masonry needed for the
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construction of the building if the old building was
completely demolished. It also reduced the amount
of demolition waste from the superstructure by
about 74% and reuse of the same amount of material

in the new building.

Tablel: Total quantity of wall of superstructure

SL | Descrip | Numb | Leng | Brea | Heig | Quant
N | tion ers th dth ht ity
0. (m) | (m) | (m) | (m3)
1 | Laterite | 1 133. | 0.2 3 79.9
wall 26
20cm
thick
Deducti
ons
Doorl1 |17 1 0.2 2 6.8
Door2 |15 0.9 0.2 1.44
Openin | 1 2 0.2 3 1.2
8
5 | Windo |5 1.5 0.2 1.5 2.25
w1
6 | Windo |9 1 0.2 1.5 2.7
w2
8 | Ventilat | 3 0.9 0.2 0.5 0.24
or
Total 14.63
Deducti
on
Total 65.33




Table 2: Total quantity of wall removed

SL | Descript | Numb | Leng | Brea | Hei | Quant
N |ion ers th dth | ght |[ity
o. (m) (m) (m) | m3
1 | Laterite |1 31.82 | 0.2 3 19.09
Wall
20cm
thick
Deducti
ons
Door1l |1 1 0.2 2 0.4
Door2 |4 0.9 0.2 2 1.6
Total 2
Deducti
on
Total 17.09
Table 3: Quantity of wall added
S | Descrip | Num | Leng | Bread | Heig | Quan
L | tion bers | th th ht tity
N (m) | (m) |(@m) | (m
0.
1 | 10cm 1 599 (0.1 3 1.797
wall
2 | 20cm 1 15.7 | 0.2 3 9.45
wall 5
Total 11.25
ROOFING

The roof provided in the old structure was a
combination of both flat roof and tiled sloping roof.
The tiled sloping roof in the rear half of the building
and the front half of the building was RCC flat roof.
The roof frame of tiled roof had no considerable
damage and the flat roof had leaking problems which
had to be addressed to retain it. In the renovated
building the entire roof frame is retained to provide
roofing for the rear half of the building. The roofing
tiles were replaced with GI sheets in order to reduce

the load on the structure. The purlins provided
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earlier where not in the same level, thus replacement
of the tiles with GI sheet was affected. The GI sheets
would bend along the unlevelled purlins. New
purlins of rectangular steel tubes were provided at
2m distance to hold the sheets. Old timber purlins
were retained as removing them was an unnecessary
operation. The flat roof at the front portion of the
building had leakage problems which had to be
solved at minimum cost. Demolition and
reconstruction of the flat roof was not economical.
The best solution was to erect steel trusses and lay
GI sheets over them. This provided uniformity in the

structure which was a boost to its aesthetics.

In this renovation adopted for roofing entire roof
frame and flat slab is reused in the renovated
building, which saved the materials to provide new
roofing for the new building. The removed roofing
tiles have an existing market where they are sold for
reuse. Retaining of the flat roof by addressing the
leaking problem by providing a sloping GI sheet roof
not only reduced the demolition concrete waste,
which is not currently recycled in India, but also
prevented the difficult process of demolition of flat

slab which can damage the walls it is supported on.

DOORS AND WINDOWS

The doors and windows initially used were not of
standard size and their placement and size according
to the renovated design was different to provide
adequate lighting and ventilation. Therefore the
entire frames and shutters of doors and windows
were replaced by new ones .Number of windows in
the old building was increased due to insufficient

lighting.

The doors and windows removed from old building
can be reused and there is an existing market for
them where they are sold for reuse or they are used

to make components for new timber products.
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FLOORING

Initially the flooring provided was mosaic. It had
minor damages and low aesthetic appeal. New
flooring was provided using vitrified tiles over the

existing floor to improve its aesthetic appearance.

Conclusion

According to our assessment this renovation process
has achieved considerable material savings. The
amount of demolition waste produced is reduced to a
great extend. Renovation provides an opportunity to
reuse the functional parts of the old building in the
renovated building as such for the same function or
with necessary modification by retaining them in the
renovated building. In this particular study we were
able to save the entire foundation, roofing frame, flat
slab and 73.84%

Renovation also promotes deconstruction instead of

of wall for superstructure.
demolition in order to prevent damage to parts of
building which is to be retained, which can increase
the amount of reusable material extracted from the
building. Possibilities of renovation should always be

considered before the demolition of any building.
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ABSTRACT

Physical assessment of drinking water quality was carried out for the samples taken in Bangalore, India. Being

one of the fatest growing cities in india, inevitably Bangalore is facing the pressure of supplying safe and

healthy drinking water to such a huge population. Therefore it is of high importance quality in such place. In

this present study water samples were collected from all over Bangalore peripheral regions as well as

proportions from the central region as well. Test for pH and TDS were carried 20 samples. The whole city was

divided in four regions for well parameter was found to fairly exceed the standard values in certain places. All

the unfitness of the water may has occurred due to the poor storage and maintenance system. All the limit

came high in some sector depending upon external sources. It is evident that more than 50 percent of water

samples are non portable as per Indian standard

Keywords : pH, total dissolved solids, water analysis and Quality assessment.

I. INTRODUCTION

Our planet Earth is a live planet because of some
special ingredients out of which water plays a great
role. Water has been considered as the most
important and vital resource for the upbringing of
biological sphere as well as the human civilisation.
The other agents which are responsible for the
biosphere on globe are Air, Heat, Soil, Sky. All these
agents are linked in between themselves to a much
greater extent and any irregularities in one of them
affects others as well. Along with the progress of our
civilisation, these resources have begun being
polluted and its quality started depleting due to
various reasons like the onset of industries, domestic
wastes, runoff from urban areas, urban and rural
garbage.

With the onset and progress of human
civilisation, it has constantly been observed that the

coastal areas as well as the river banks have been the
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most populated spots on account of the availability of
ample water resources for the maintenance of daily
life along with farming and other climatic advantages.
The cities and towns always have shown the rising
trend of population because of the easy earning
sources due to the various industries which are setup
to meet the increasing demand of the growing
civilisation. Because of this, day by day urban areas
are being densely populated and as a result, the
surrounding areas of cities are suffering from various
kinds of pollutions like air, water, soil pollution and
many more due to sewage, garbage, dumps and
barnyard manures etc.

The majority of water for Bangalore is
imported by the BWSSB from the Cauvery river,
over 100 km south of the city Cauvery water was
originally drawn from a reservoir near the village of
Thorekadanahalli. Up to 20% of the normal water
supply for Bangalore comes from the Arkavathy river,
built on the river, the

from two reservoirs
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Hesaraghatta built in 1894 and Tippagondanahalli
built in 1933. BWSSB

currently supplies approximately 900 million litres

Reservoir, which was
(238 million gallons) of water to the city per day,
despite a municipal demand of 1.3 billion litres.
Universally, requirement for
freshwater will continue to rise significantly over the
coming decades to meet the needs of increasing
populations, growing economies, changing lifestyles
and evolving consumption patterns. This will greatly
amplify the pressure on limited natural resources and
ecosystems. Unsafe water and sanitation account for
almost one tenth of the global burden of disease.
According to the World Commission on water for
the 21st century, more than half of the world’s major
rivers are depleted and contaminated to the extent
that they threaten human health and poison the
1999).

Contaminated drinking water can cause various

surrounding  ecosystems  (Interpress,
diseases such as typhoid fever, dysentery, cholera
and other intestinal diseases.

In India, rivers are an important
source of water, as many Indian cities are situated on
the banks of the rivers. Untreated discharge of
pollutants into a river from domestic sewers, storm
water discharges, industrial wastewaters, agricultural
runoff and other sources can have short-term as well
as long-term effects on the water quality of a river
system. Total 80% of the water in India has become
polluted due to the discharge of untreated domestic
sewage and partially-treated industrial effluents into
the natural water source. High levels of pollutant
input in river water systems cause an increase in
biological oxygen demand (BOD), chemical oxygen
demand(COD), total dissolved solids (TDS), total
suspended solids (TSS), metals such as Cd, Cr, Ni and
Pb, (Mohd Kamil, 1991;
Sangodoyin, 1991; Chatterjee et al., 2000; Adekunle
and Eniola, 2008).

In the

and fecal coliforms

study area considered,
peoples are using contaminated water for various
purposes and are facing different health problems.
Hence, the present study aims at assessment of water

quality in the area considered and suggesting
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mitigate measures for the problems related to water
pollution. An understanding of water chemistry is
the bases of the knowledge of the multidimensional
aspect of aquatic environmental chemistry which
involves the source, composition, reactions and
transportation of water. The quality of water is of
vital concern for the mankind since it is directly

linked with human welfare.

1.1 OBJECTIVES OF THIS PROJECT
There are two types of objectives here: -
narrative and numerical.
e Narrative objectives present  general
descriptions of water quality that must be
attained through pollutant control measures
and watershed management.

e Narrative objectives also serve as the basis for
the development of detailed numerical
objectives.

e numerical objectives were developed
primarily to limit the adverse effect of
pollutants in the water column.

e Numerical sediment objectives, that will
ensure the protection of all current and
potential beneficial uses.

e Numerical objectives typically describe

pollutant concentrations, physical/chemical

conditions of the water itself, and the
toxicity of the water to aquatic organisms.

e These objectives are designed to represent
the maximum amount of pollutants that can
remain in the water column without causing
any adverse effect on organisms using the
aquatic system as habitat, on people

consuming those organisms or water, and on

other current or potential beneficial uses.

These water quality objectives are considered
necessary to protect the present and potential
beneficial uses and to protect existing high quality
waters of the state. These objectives will be achieved
primarily through establishing and enforcing waste
discharge requirements and by implementing this

water quality control plan
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2. STUDY AREA:

The chemical analysis of drinking water study was
performed in Bangalore Urban District dividing the
whole city into six meta divisions i.e. North, East,
South-East, South, West and Central. Bangalore is
the capital city of Karnataka with a geographical
location of latitude 120.58N and longitude of 770.35E
921 m above the sea level. Historically, Bangalore
Water Supply and Sewage Board (BWSSB) used to
supply the drinking water i.e. Cauvery river water,
to the central region of the Bangalore as it was the
main populated and core region of the city. But, the
peripheral regions have recently being populated
the

industrialization. Hence, the drinking water supply

because  of rapid  urbanization and
has become inadequate enough to supply water
throughout the city now developed. The current
situation, obviously compelling the dwellers to
procure drinking water from alternative sources such
bore wells, tankers which is in turn is nothing but
the ground water. This urbanization phenomenon in
developing countries like India with still developing
sanitation and safe water supply protocols is leading
to consumption of contaminated water in several
occasions leading to serious health concerns. Hence;
it is of urgent and immense importance to scrutinize
the drinking water quality in these areas and the
same has been determined in this study.

2.1 Sampling: In order to keep the sample collection
and analysis less complex and well organized, the
whole Bangalore was divided into four meta-
divisions as North East, South-East, South West
North West each of these divisions containing
several numbers of wards. Each house in each of
these wards was assigned with a number and was
then selected by generating random number
generating tools. The house owners were questioned
about the cleanliness measures followed to ensure
the drinking water safety and with their consent 500
ml of bore water sample was collected in a sterilized
polyethylene bottles and were carried to lab and

were stored at 40C. Later the samples were tested for
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the mentioned parameters. The samples of waters
were collected in month of February 2016 and later
water from same areas have been collected in month

of March 2016 and experiments have been done

>

twice simultaneously in March and April 2016.

3.3 Analysis: The collected and stored samples were

subjected to testing for pH according EPA method.

The samples were performed for various test written

below and the results of these tests are compared
with BIS105001991 and WHO 2011 to know the

quality of water.

Table 1: Analysis on test done and methods used in

them
SL | PARAMET | METHODS INSTRUMENTS
N ER
O.
1. PH PAPER
METHOD
2. | DISSOLVE | TITRATION
D OXYGEN | BY SODIUM
THISULPH
ATE
3. | CONDUCT | ELECTROM | CONDUCTIVITY
IVITY ETRIC METER
4. TOTAL ELECTROM
DISSOLVE ETRIC
SOLIDS
5. TITRATION
CALCIUM BY EDTA
HARDNES
S
6. MAGNESI | TITRATION
UM BY EDTA
HARDNES
S




BY ATOMIC | SPECTROMETE
TOTAL TITRATION SPECTROM R
HARDNES | BY EDTA ETRY
S 10
SULPHATE | TURBIDIME TURBIDITY
CHLORIDE | TITRATION TRIC METER
SIN BY AgNO3 11
WATER NITRATE ULTRA UV-
VIOLET SPECTROPHOT
IRON DIGESTION ATOMIC SCREENING OMETER
FOLLOWED | ABSOROTION
3. MATERIALS REQUIRED
Table 2 : Name of the reagents used in the tests
A. WATER-SAMPLE
B. REAGENTS
SL NO PARAMETER REAGENTS
1 ELECTRICAL CONDUCTIVITY
(0.1IN) KCL
2 pH paper
PH
3
CHLORIDES IN WATER (0.0141N) SILVER NITRATE, POTASSIUM CHROMATE
SOLUTION
4
CALCIUM HARDNESS AND STANDARD EDTA(O.O1M), (1N) SODIUM HYDROXIDE,
MAGNESIUM HARDNESS MUROXIDE INDICATOR
5
TOTAL HARDNESS (0.01M) EDTA, AMMONIA BUFFER SOLUTION, ERICHROME
BLACK T INDICATOR
6
DISSOLVED OXYGEN MANGANESE SULPHATE, ALKALI IODIDE AZIDE,
CONCENTRATED SULPHURIC ACID, STARCH INDICATOR,
SODIUM THIOSULPHATE (0.025N)
7
CHLORIDE IN WATER CHLORINE WATER, POTASSIUM IODIDE, GLACIAL ACETIC
ACID, STARCH, (0.1N) SODIUM THIOSULPHATE
8 HYDROCHLORIC ACID, HYDROXYLAMINE
IRON TEST HYDROCHLORIDE SOLUTION, AMMONIUM ACETATE
BUFFER SOLUTION, PHENANTROLINE SOLUTION, STOCK
IRON SOLUTION, STANDARD IRON SOLUTION
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9 STANDARD SILVER SULPHATE, PHENOL DISULPHONIC
NITRATE TEST ACID, AMMONIUM HYDROXIDE, STOCK NITRATE
SOLUTION, STANDARD NITRATE SOLUTION
10 GLYCEROL, CONCENTRATED HYDROCHOLINE SOLUTION,
SULPHATE TEST ETHYL ALCOHOL, SODIUM CHLORIDE, BARIUM CHLORIDE
CRYSTALS, STANDARD SULPHATE SOLUTION
- SOUTH WEST REGION (zone 4)
Kemiganahali . Ralanukimie | Sendemighanehali... 3 o JAYANAGAR
Fivn s O AL « JPNAGAR
- $ Mugabala
Nelgmangdl Lo R e el e BANSHANKARI
ahalli L LS { G5 Abben e KUMARSWAMI LAYOUT
{ o oetanel .eru::_::s»::/;a,:”f;?\g;ff” m’:fj}:m*““ Thidly ~ Mali e KENGERI
Thavarekere ,Bengaluru WHITEFIELD ] 4 Hosakote

STAGE 2
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/ JAYANAGAR BELLANDUR
{___ SATELLITE TOWN

HSR LAYOUT
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LAYOUT

“Jayamangala
X 207\
Kumbalgodu ~ .
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Fig 1. Locations in Bangalore from where water

samples are collected

3.1 NAME OF LOCATION
The areas from where water was collected are
divided in each zone as:
NORTH EAST REGION (zone 1)
¢ KR PURAM
e MAHADEVPURA
e KAMANAHALLI
e INDIRANAGAR
e WHITEFIELD

NORTH WEST REGION (zone 2)
e YESHWANTPUR
e RAJAJI NAGAR
e MALLESHWARAM
e MAJESTIC
e GOLF COURSE ROAD

SOUTH EAST REGION (zone 3)
e MARATHAHALLI
e DEV ANABISANAHALLI
e SARJAPURA ROAD
e HSRLAYOUT
¢ KORAMANGLA
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4.RESULT AND DISSCUSSIONS

were

to 20)

collected from the bore-wells which included hand

Twenty groundwater samples (1

pumps, piped water supply schemes. The results of
the chemical analysis are presented in the critical
parameters along with the permissible limits for

these parameters.

» Odour of sub surface water is agreeable but 6
surface water samples out of 20 samples are non-
agreeable due to decomposition of organic matter
and not fit for domestic and other purpose.

» Taste at all point of sample collection (100%) is

non-agreeable hence objectionable.

The following values of parameters have come after
performing experiments in each of them with

various water sample collected
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Table 3. Results on quality of water has shown
during February -March 1016

& S TOTAL DISSOLVE | CHLORIDE| IRON | SULPHATE| NITRATE | TDS
NAME PH i
Mg/ Mg/l Mg/l | oxvGeN |IN wATER| mg/i| Mg/ Mg/t |mgn
vg/t_ | wgn
ZONE-1
KRPURAM | 7.3 12 350 175 525 01 | 40587 | 15| 297 | 101 |2500)
WHITEFED | 6.9 0.9 76 250 326 05 | 899 | + | 9 312000
MAHADEVPURA | 6.9 1 635 129 764 01 | 26092 | 14| 320 | 1056 2850
INDRANAGAR | 7 0.9 75 165 240 1 7975 | 05| 8 22__[144g]
KAMIVANARALL | 7.1 038 125 189 314 12 | 11796 08| 10 33 [1855)
ZONE-2
\aneerl | 7.1 06 149 186 335 21 | 11396 06| 8 31 [1807]
BANASHANKARI | 5.6 0.4 25 238 263 18 | 10096 | 05| 20 29 [2202]
PNAGAR | 5.9 0.9 20 240 250 16 | 1069 06| o 28.6_[1907]
JANAGAR | 7.3 038 195 130 325 23 | 7597 |os| 10 25 [1920)
o™ | 68 0.9 155 181 336 18 | 16894 [ 05| 17 29.8 |1800
ZONE-3
VESWANTPUR |7 11 192 139 331 02 | 20993 | 1 | 3306 | 81 |2500
A 7.4 1 55 214 269 1| 20294 [ 07| 2342 | 556 |2350
MALLESHWARAM | 8.1 1 166 128 204 12 | 3251 o8| 85 35.7_|2401]
vaEsTc | 66 0.9 235 120 355 02 283 | 12| 159 | 556 |2471
GOLF couRsE_| 7.2 0.9 50 170 220 19 | 7497 |oa| s 17.5_|1200
ZONE-4
HsRLavouT | 7.3 0.7 63 185 248 15 | 952 |o6] 6 201796,
oevanasisaaLL | 7.1 0.4 105 203 398 01 | 3605 [12] 20 38.2 |1850
oRAvANGLA_ | 6.9 0.7 75 205 280 15 | 29522 |08 | 14 28__[1700)
SARIAPUR ROAD | 7 05 200 120 320 12 | 2979 | 1 13 331989
MARATHARALL | 7.4 05 160 240 400 01 | 3601 |09| 14 435 _[2201]
BIS:105001991 53‘2' s 75 30 300 = 250 |03 150 45 | s00
WHO:2011 Z“r; 12 75 s0 - 4 250 | 03| s00 50 [1200
9
8
7
6
5
u PH
4
B CONDUCTIVITY
3
2
1
T [ll Lk
1357 91113151719

Fig-2 Number and percentage of samples obtained in
each range of PH, CONDUCTIVITY from each Meta

regions

DISCUSSION: PH of few areas have come less due to
present of carbon dioxide in water samples of those
areas which is due to industrial waste water in their
ground water beds and conductivity have come less
in few water samples due to presence of very less
ions of alkali, chlorides are found in their ground

water beds.
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Fig-3 Number and percentage of samples obtained in
each range of CA HARDNESS, MG HARDNESS and
TOTAL HARDNESS from each Meta regions

DISCUSSION: Calcium hardness

samples we have seen have to increase due to more

in few water

industrial waste in ground water table of those areas
and due to this total hardness of those areas will also
increase and Magnesium hardness of this areas

though increase in very less amount.

i

123 48567 89 1011121314151617181920

W CHLORIDE IN WATER mg/|

BTDSmgil

Fig-4 Number and percentage of samples obtained in
each range of CHLORIDE IN WATER, TDS from

each Meta regions

DISCUSSION: Chlorides in water increases when
more salt is present in ground water table and due to
industrial wastes in water found in those areas
ground water table, so chlorides in few industrial
areas have increased as seen and TDS is increased in
few water samples have increased due to high
correlation factors in those samples. Sometimes it is
due to presence of inorganic compounds in their

ground water beds.
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400

300

200 ® SULPHATE mg/

100 ® NITRATE mg/I
o MdRaladatall i aadddl]

1357 91113151719

Fig-5 Number and percentage of samples obtained in
each range of SULPHATE, NITRATE from each

Meta regions

DISCUSSION: Sulphates in few water samples have
increased due to present of sulphur in ground water
table due to industrial wastes in ground

water and similarly Nitrates have also found high in
those water samples where more industrial waste

water flows.

2.5
2
1.5 m DISSOLVED
OXYGEN mg/I
1 r ® [RON mg/!|
0.5 +
0 .

1 35 7 91113151719

Fig-6 Number and percentage of samples obtained in
each range of DISSOLVED OXYGEN, IRON from

each Meta regions

DISCUSSION: Dissolved oxygen in few water
samples have come less due to low amount of oxygen
present in those waters which is because of more
impurities are found in those ground water table and
Iron in few water samples have increased due to
presence of more iron component in those ground

water table.

Volume 4, Issue 9, November-December-2019 | www.ijsrcseit.com

Borewellsin BWSSB zone
North
16126

15%

 North
South
32593

31%

7206

W West

= South_East

W East

West
27675
6%

m Central

m South

7%

East _East
9346 12555
9% 12%

Fig 7. Total no. of bore wells in Bangalore city

5. CONCLUSIONS

e The analysis of groundwater and the surface
water samples from the Bangalore area has
shown that almost 30% of the samples are
unfit for drinking purpose.

e The analysed data clearly indicates that the
groundwater is getting polluted at an
alarming rate due to rapid industrialization.

e Most of the samples were found to be
potable, yet a considerable percentage in all
the meta divisions especially South-east
showed a significant non-potability for each
of the parameters.

e pH, as one of the quality assessment
parameter, contributes to the occurrences of
eye and gastrointestinal irritation leading to
severe health concerns.

e Onset of cardio-vascular diseases as well as
renal complications is enhanced by the
presence of several inorganic and organic
ions comprising TDS.

o Therefore, in order to reduce the propensity
of morbidity, regular scrutinization and
treatment of the contaminated drinking
water such as use of neutralizer filter for pH,
reverse osmosis, deionization, distillation,

carbon filtering etc.

the

occurrences of such deadly diseases in the

e Most importantly awareness about

end users are of profound importance.
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In addition to it, assigning a particular water
quality index for ground water, e.g. Universal
Water Quality Index (UWQI) developed for
surface water quality assessment, will also
help in representing the complex ground

water quality data in a simpler way, which

will  facilitate an  easier  analysis,
interpretation and  further treatment
measures.

There are existing treatments and intense
research works being organized all over the
world to treat all such lethal diseases,
predominantly, diarrheal complications
occurring due to the consumption of enteric
pathogen contaminated water, but are yet to
be mastered from aspects such as availability,
expensiveness in an epidemic setting.

Hence; considering prevention as a better
combating these

measures against

morbidities, it is strongly suggested to
analyse and treat the drinking water at the
point of use in a regular basis. From a social
point of view, a better city foundation plan
including proper water supply throughout
the peripheral regions and better sanitary
establishments will certainly complement
the cause.

Replacing of the damaged pipelines and
lining of sewer drains is necessary to prevent
the leakage of sewage in pipes and seepage
through unlined channels and to prevent the
mixing or leaking of sewage with
groundwater.

Water treatment facility shall be designed in
order to provide potable water to the
residents of the area. To meet the ever
increasing need of Potable groundwater and
surface water, the best way is to collecting
the groundwater by protecting it from
the

groundwater resources by recharging it

pollution and augmenting it with
through rainwater harvesting.
This study is carried out during pre-monsoon

season. It was observed that the main causes

Volume 4, Issue 9, November-December-2019 | www.ijsrcseit.com

of deterioration in water quality were high
interference of anthropogenic activities, lack
of proper sanitation, and industrial and

inflow. A

management plan involving all stakeholders

domestic wastewater specific
will help
improve and maintain the river water

quality

6. RECOMMENDATIONS

From the present scenario it is quite evident that our
dependency on surface/ground water is going to
increase with every passing day. In the view of this
growing demand and deterioration in the quality of
ground water there is an urgent need to take up
effective measures for conservation management and
augmentation of ground/surface water resources. A
comprehensive ground/surface water management
plan involving ground/surface water scientists, city
planners, land use exports, environmentalists and

general public should be drawn.

The majo