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Abstract— The side stand is used for supporting a parked
motorcycle. If the rider may forget to retract the side stands before
riding, then the undistracted stand hitting the ground and affected
the riders control during the turn.
Now a day’s sensor are used for ensure that the stand is in
released condition. The motorcycle side stand consists of a
metallic rod and helical spring which is offset from the centre.
Some side stand retract automatically when the motorcycle is
lifted up the support some other are fit with electrical interlocks ,
warning devices or special retracting mechanism. In this paper
there is possibility to reduce the evident which is takes place by the
side stand.
Side stand in two wheelers function the entire weight of the
vehicle when it is parked. They are perfect on quick stop when one
need to leave the vehicle for short while. They are provided with
the spring that pulls it back into position to ensure extra safety.
The presented mechanism consists of D.C. motor powered by
motorcycles battery. Connected to the worm and worm gear
mechanism for reduction of speed of motor and multiply the
torque. The motor is actuated by the Rotation sensor which is
mounted on the front of the wheel.
Keywords- D.C

I. INTRODUCTION

In all over world everywhere motorcycle are used. The side
stand plays major roll while the vehicle is in rest position. But
it has some disadvantages takes place as while the driver
starting the motorcycle, there may be possibility of forget to
release the side stand this will caused to unwanted troubles.
This is a new type of side stand which is automatically
retracting the side stand through some mechanical and
electronic arrangement. In this system microcontroller, speed
sensor, dc battery is used. Through the speed sensor, sensor
sense the rotation of the wheel and sends the signal to the
microcontroller which is actuate the dc motor which is caused
the disengage the stand from the road.
A motorcycle side stand is nearly universal method of
allowing a motorcycle rider to park his vehicle easily. If this
stand is in the park position while the motorcycle is ridden
through left turn a serious hazard exists. A new type stand
side stand which is automatically retracting side stand is
invented to prevent such type of accidents. Side stand
mounted behind bottom bracket and can be bolted on either
clamping the chain stays, or welded in to place as an integral
part of the frame.
The motorcycle side stand consists of steel rod held in both
park and stopped position by an over centered spring. It is to
provide the stand stability and a support to the motorcycle.
Many side stand designs, attachments, mechanisms and rider
warning system. Some side stand retracts automatically when
the motorcycle is lifted off the support. Some retract if they
contact the ground when the motorcycle is moving. Many
different concepts have been applied for this hazard.

II. LITERATURE REVIEW: Rohith A N, Moneeth kumar B,
Thyagaraju B M, Praveen C, has worked on automatic side stand. If the
rider may have forgot to retract the side stand before riding, then
undistracted stand hitting the ground and effected the rider control during
the turn and this will have caused to unwanted troubles.
In this paper the presented mechanism consists of D.C. motor powered by
motor cycle battery which is connected o the worm and worm gear
mechanism for reduction of speed of motor and multiplying the torque
then the motor is activated by micro controller circuit. We observe that
from the design and analysis D.C. motor and other components like micro
controller circuit, switch is occupying less space and this space is easily
available into the mechanical frame of the motorcycle. After analysis of
torque the required torque to rise the side stand is 6070 Nm and the power
required to stand which is 19.078 W. has worked on sprocket side stand
retrieve system it is based on the working principle of two wheelers. In
motor bike power is transmitted from engines pinion to rear wheel, the
linear motion of the chain is obsorbed b rear wheels spocket and converted
into rotary motion. That rotary motion of the rear wheel makes the bie to
move. This system could be used in all type of two wheelers for retrieving
side stand and to control accident due to side stand problem and protected
the careless rider. Rohith A N, Moneeth kumar B, Thyagaraju B M,
Praveen C has worked on automatic side stand retrieve system, this system
is based on working principle of two-wheeler. The power is generated in
the engines and it transmit power to the pinion and it to rotate the pinion
transmits power to the rear wheels Pinion and makes vehicle to move, the
objectives of the system is to provide a device responsive to an operating
condition of the engines of the motor cycle for moving the stand to its
raised position when motor cycle is in its running position.

III. COMPONENT OF SYSTEM

1) Battery
2) Servo Motor
3) Push button
4) Micro controller (Arduino Controller)
5) Side stand
6) Buck convector
Dry cell Battery -
A dry cell uses a paste electrolyte, with only enough moisture
to allow current to flow. Unlike a wet cell, a dry cell can
operate in any orientation without spilling, as it contains no
free liquid, making it suitable for portable equipment. By
comparison, the first wet cells were typically fragile glass
containers with lead rods hanging from the open top and
needed careful handling to avoid spillage. Lead–acid
batteries did not achieve the safety and portability of the dry
cell until the development of the gel battery. A common dry
cell is the zinc–carbon battery, sometimes called the dry
Leclanché cell, with a nominal voltage of 1.5 volts, the same
as the alkaline battery (since both use the same
zinc–manganese dioxide combination). A standard dry cell
comprises a zinc anode, usually in the form of a cylindrical
pot, with a carbon cathode in the form of a central rod. The
electrolyte is ammonium chloride in the form of a paste next
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to the zinc anode. The remaining space between the
electrolyte and carbon cathode is taken up by a second paste
consisting of ammonium chloride and manganese dioxide,
the latter acting as a depolarizer. In some designs, the
ammonium chloride is replaced by zinc chloride.

Servo Motor -
Servo motor is designed for two speed operation. It consists of
three brushes namely: common, low speed, high speed. Two
of the brushes will be supplied for different made of
operation. The DC motor does not oscillate back and forth, it
rotates continuously in one direction like most others motors.
The rotational motion is converted to the back and forth
wiper motion by a series of mechanical linkage. This type of
motor is called a gear head or motor end has advantage of
having lots of torque. The dc motor works on 12volt D.C.
battery.

Powering the motor -
Voltage- the standard voltage requirement for the motor is
12v DC. The electrical system in a running automobile
usually puts out between 13 and 13.5 volts, so it’s safe to say
the motor can handle up to 13.5 volts with no problem. I
wouldn’t recommend any voltages higher than that.
Current -
The minimum required current for the motor is 1.6 amps 70
rpm, 0.9 amps at 41 rpm. These current ratings are for the
motor spinning with no load. As you add mechanical load,
these numbers can increase dramatically, doubling or even
tripling under a heavy load. This factor must be taken into
account when selecting a power supply. Since the motor will
only use what it needs when it comes to current, it’s best to
provide a source with a higher current rating than you think
you might need.

Switch Button -
In electrical engineering,a switch is
an electrical component that can break an electrical circuit,
interrupting the current or diverting it fromone conductor to another.
The most familiar form of switch is a manually
operated electromechanical device with one or more sets
of electrical contacts, which are connected to external
circuits. Each set of contacts can be in one of two states:
either "closed" meaning the contacts are touching and
electricity can flow between them, or "open", meaning the
contacts are separated and the switch is nonconducting. The
mechanism actuating the transition between these two states
(open or closed) can be either a "toggle" (flip switch for
continuous "on" or "off") or "momentary" (push-for "on" or
push-for "off") type.
A switch may be directly manipulated by a human as a
control signal to a system, such as a computer keyboard
button, or to control power flow in a circuit, such as a light
switch. Automatically operated switches can be used to
control the motions of machines, for example, to indicate that
a garage door has reached its full open position or that a
machine tool is in a position to accept another workpiece.
Switches may be operated by process variables such as
pressure, temperature, flow, current, voltage, and force,
acting as sensors in a process and used to automatically
control a system. For example, a thermostat is a
temperature-operated switch used to control a heating
process. A switch that is operated by another electrical circuit
is called a relay. Large switches may be remotely operated by
a motor drive mechanism. Some switches are used to isolate
electric power from a system, providing a visible point of
isolation that can be padlocked if necessary to prevent
accidental operation of a machine during maintenance, or to

prevent electric shock.
An ideal switch would have no voltage drop when closed, and
would have no limits on voltage or current rating. It would
have zero rise time and fall time during state changes, and
would change state without "bouncing" between on and off
positions.
Practical switches fall short of this ideal; they have
resistance, limits on the current and voltage they can handle,
finite switching time, etc. The ideal switch is often used in
circuit analysis as it greatly simplifies the system of equations
to be solved, but this can lead to a less accurate solution.

Micro controller (Arduino Controller) -
A micro controller (sometimes abbreviated μC, uC or
MCU) is a small computer on a single integrated circuit
containing a processor core, memory, and programmable
input/output peripherals. Program memory in the form of
NOR flash or OTP ROM is also often included on chip, as
well as a typically small amount of RAM. Microcontrollers
are designed for embedded applications, in contrast to the
microprocessors used in personal computers or other general
purpose applications. Microcontrollers are used in
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automatically controlled products and devices, such as
automobile engine control systems, implantable medical
devices, remote controls, office machines, appliances, power
tools, toys and other embedded systems. By reducing the size
and cost compared to a design that uses a separate
microprocessor, memory, and input/output devices,
Micro controllers make it economical to digitally control even
more devices and processes. Mixed signal micro controllers
are common, integrating analog components needed to
control non-digital electronic systems.

Side Stand -
A Side stand is a device on a bicycle or motorcycle that
allows the bike to be kept upright without leaning against
another object or the aid of a person. A "smaller, more
convenient" kickstand was developed by Joseph Paul Treen,
the father of former Louisiana Governor, Dave Treen. A
kickstand is usually a piece of metal that flips down from
the frame and makes contact with the ground. It is generally
located in the middle of the bike or towards the rear.
Some touring bikes have two: one at the rear, and a second in
the front.

Fig 2.2 - Side stand
A side stand style kickstand is a single leg that simply flips
out to one side, usually the non-drive side, and the bike then
leans against it. Side stands can be mounted to the chain
stays right behind the bottom bracket or to a chain and seat
stay near the rear hub. Side stands mounted right behind the
bottom bracket can be bolted on, either clamping the chain
stays or to the bracket between them, or welded into place as
an integral part of the frame.

Buck convector -

A buck converter (step-down converter) is a DC-to-DC power
converter which steps down voltage (while drawing less average
current) from its input (supply) to its output (load). It is a class
of switched-mode power supply (SMPS) typically containing at
least two semiconductors (a diode and a transistor, although modern
buck converters frequently replace the diode with a second transistor
used for synchronous rectification) and at least one energy storage
element, a capacitor, inductor, or the two in combination. To reduce
voltage ripple, filters made of capacitors (sometimes in combination
with inductors) are normally added to such a converter's output
(load-side filter) and input (supply-side filter).[1] It is called a buck
converter because the voltage across the inductor “bucks” or
opposes the supply voltage.

Switching converters (such as buck converters) provide much
greater power efficiency as DC-to-DC converters than linear

regulators, which are simpler circuits that lower voltages by dissipating
power as heat, but do not step up output current.

The efficiency of buck converters can be very high, often over 90%,
making them useful for tasks such as converting a computer's
main supply voltage, which is usually 12 V, down to lower voltages
needed by USB, DRAM and the CPU, which are usually 5, 3.3 or 1.8 V.

The conceptual model of the buck converter is best understood in
terms of the relation between current and voltage of the inductor.
Beginning with the switch open (off-state), the current in the circuit is
zero. When the switch is first closed (on-state), the current will begin
to increase, and the inductor will produce an opposing voltage across
its terminals in response to the changing current. This voltage drop
counteracts the voltage of the source and therefore reduces the net
voltage across the load. Over time, the rate of change of current
decreases, and the voltage across the inductor also then decreases,
increasing the voltage at the load. During this time, the inductor stores
energy in the form of a magnetic field.

If the switch is opened while the current is still changing, then there
will always be a voltage drop across the inductor, so the net voltage at
the load will always be less than the input voltage source. When the
switch is opened again (off-state), the voltage source will be removed
from the circuit, and the current will decrease. The decreasing current
will produce a voltage drop across the inductor (opposite to the drop at
on-state), and now the inductor becomes a current source. The stored
energy in the inductor's magnetic field supports the current flow
through the load. This current, flowing while the input voltage source
is disconnected, when appended to the current flowing during on-state,
totals to current greater than the average input current (being zero
during off-state).
Toggle Switch -

In electrical engineering, a switch is an electrical component that can
disconnect or connect the conducting path in an electrical circuit,
interrupting the electric current or diverting it from one conductor to
another.[1][2] The most common type of switch is an electromechanical
device consisting of one or more sets of movable electrical
contacts connected to external circuits. When a pair of contacts is
touching current can pass between them, while when the contacts are
separated no current can flow.
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Switches are made in many different configurations; they may
have multiple sets of contacts controlled by the same knob or
actuator, and the contacts may operate simultaneously,
sequentially, or alternately. A switch may be operated manually,
for example, a light switch or a keyboard button, or may function
as a sensing element to sense the position of a machine part,
liquid level, pressure, or temperature, such as a thermostat. Many
specialized forms exist, such as the toggle switch, rotary
switch, mercury switch, push-button switch, reversing
switch, relay, and circuit breaker. A common use is control of
lighting, where multiple switches may be wired into one circuit
to allow convenient control of light fixtures. Switches in high-
powered circuits must have special construction to prevent
destructive arcing when they are opened.
III STEP INVOLVED FOR MAKING AUTOMATIC
SIDE STAND FOR TWO WHEELER
STEP1 - CONSTRUCTION OF FRAME
Firstly we are made a general layout of side stand frame
according to dimension given in present time of two wheeler.
for making frame, we are used mild steel rod and with the
help of manufacturing process be prepare a rectangular frame
the manufacturing process include for making side stand
frame are cutting, welding , grinding ,and super finishing .this
figure shows the mild steel rod for making side steel frame.
STEP 2 - MAKING PLATE FOR PIVOTED SIDE STAND
FROM FRAME
In this stage we are made plate on which side stands are
pivoted. The dimension of this plate is given according to
motorcycle specification. The plate consists of hole for bolted
the side stand and a upper hook are welded to connect the one
end of the spring. This plate is welded with the frame inclined
to the frame axis.
STEP 3 – MAKING A TENSION SPRING
In this step we take a spring wire and with the help of lathe
machine we form a tension spring. The material of the tensile
spring is stainless steel. After lab test we found the stiffness
of spring. 1.732 N/mm.
STEP 4 – MAKING A MECHANICAL BUSH
In this step we make we make a mechanical bush from a solid
rod of stainless steel with the help of of the lathe machine.
Firstly we have done turning operation for finding the desire
dimension and after that we have made a hole with the help of
drill bit. The main function of mechanical bush is to connect
the motor shaft to the pivoted bolt of side stand.
STEP 5-FINAL ASSEMBLY
In this step all the component of side stand are assembled in
proper manner.
the presented mechanism consist of a D.C motor powered by
motorcycle’s battery ,connected to the side stand through a
worm and worm gear mechanism to gain speed reduction of
motor and multiply the torque . The motor is actuated by the
sensor mounted on the front wheel through the
Micro controller. A presser switch is also mounted on the
stand bracket to sense full disengagement of stand. When the
vehicle starts moving the sensor on front wheel sends a signal
to the micro controller to actuate the motor causing them to
move disengaged position. When the stand is fully
disengaged it presses the pressure switch which again sends a
signal the micro controller which stops the motor.

Fig -final assembly

IV. SYSTEM ANALYSIS
Calculation -
Wire diameter = 3 mm = 0.003 m
Coil outer diameter (d) = 27 mm = 0.027m
Coil inner diameter = 21mm = 0.021m
No. of coils (n) = 17
Free length of spring (L) = 휋dN
3.14x0.027x17=1.44126 m
Span weight = 0.056+0.400 kg
= 0.456 kg
F = K × X
F = 1.732x1.21536
F = 2.105 N

TORQUE –
T = FXR
T =2.105X0.11
T =0.2315 N-m
Torque due to stand weight
Stand weight = 400 gm
Spring weight = 56 gm
Combined weight of spring and stand = 400+56 gm

= 0.456 kg
Force due to stand weight =

mg sin θ = 0.456x9.81xsin500
= 3.4267 N

Torque due to stand weight
= F x R
= 3.4267x0.11
= 0.3769471

Total torque (Ta)
= 0.2315+0.376947
= 0.6087 N-m
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IV. CONCLUSION
We observe that from the design and analysis Servo motor and
other component like as micro controller and speed sensor
,switch are occupies less space and this space is easily
available into the mechanical frame of the motorcycle . After
analysis of torque the required torque to raise the side stand is
6076 N-m. So after calculation of torque we determined the
power required to raise the side stand which is 19.078 Watt.
So we design automatic side stand for maximum frictional
torque. Hence we used 12V DC geared motor which draws 2
amp current and 24W power.
Automatic stand is presently in use and quite successful.
Although it has certain disadvantages

When the rider pushes the button then the kick stand is
disengage from the road.
And secondly the stand is not engage with road by the
use of push button.
We are working to remove this two disadvantages. For
removing these two disadvantages we use the speed sensor
and micro controller and push button, when bike take some
RPM then the sensor sense the signal and sends to the
Micro controller and according to the C programming the
Micro controller actuate the DC motor, and the dc motor
automatically disengage the side stand from the road.
Through this arrangement the both disadvantages are
removed.
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Abstract - Agriculture plays breath taking role 

during pandemic situations, what human 

community is facing and experiencing in 2020.  

Crop yielding depends on several parameters 

which is nothing but data.  When the data is more 

or big, it helps in analysis and decision making 

process. In this case farmers take decisions based 

on various data available to them. To make 

farmers life easy, data analytics plays a vital role 

and big data technology is the key technology to 

be used. Along with this, Artificial intelligence 

can be used to analyse various parameters 

helping farmers in completing the process of 

cultivation with good and accurate results. 

In this work, we study on various approaches of 

implementing big data and Artificial technology 

to address problems faced by farmers and find 

out solutions by defining problems which can be 

implemented practically. We also try to find out 

the challenges, tools to face challenges and 

solutions for these challenges. 

 

Key words: 

 Big data, ArtificialIntelligence(AI), Agriculture,    
crop development 

     
       

I. INTRODUCTION   
 

Approximately 26.5% of the world’s population 
work in agriculture. 

The agricultural industry is looking at different 
solutions to meet these challenges, one of which 
is data analytics. Big Data analytics is seen as the 
fourth technological revolution in agriculture and 
it is hoped that it will provide a solution to our 
growing food demands 

Big Data today dominates many fields, but 
scientists at the science congress think agriculture 
will also soon be driven by data analytics and 
artificial intelligence (AI). 

Agricultural Big Data analytics is the analysis of 
large datasets from a wide range of re-sources, 
often using artificial intelligence (AI) techniques . 
“With advancement of satellite and drone 
technology, agriculture is entering the domain of 
big data,” said Partha P. Banerjee, Asia Pipeline 
Lead, Bayer Crop Science Ltd., delivering a 
plenary lecture at ISC 2020 on Tuesday. 
Incidentally, the State government has already 

begun experimenting with drone technology for 
farm data collection and crop pattern analysis. 

“From mobile phones to satellites, we are 
producing data on the farms everyday. If tillers are 
fit with sensors, we can analyse the soil nutrient 
conditions of every inch of the farm and its 
applications are immense. Drone technology and 
data analytics are already being used to 
recommend advanced water irrigation strategies 
and diagnose disease on the farm in real time. This 
will help farmers understand which part of the 
farm needs more water or where the disease is 
spreading from, so that it can be tackled,” he said. 

Yield of a crop is a function of seed and plant 
genetics, environment and climate, and farm 
practices. To each of these, we have data layers, 
for instance, soil health, temperature, humidity, 
and rainfall for climate input. We have identified 
40 key decisions a farmer makes from sowing to 
harvest. Data analytics can help farmers make 
informed decisions based on three larger 
parameters the yield is a function of,” he said. “We 
are still in the prescriptive analytics stage and 
science will move towards predictive analytics,”. 

           II. Role of data analysis in agriculture 

Application of science and new technologies is 
currently lacking within this space. Many 
companies and start-ups are looking to fill this 
information gap. If Big Data has made serious 
advancement in fields like information technology, 
healthcare, education and even sports, there is an 
obvious need for it in the agricultural industry too. 
While the vast majority of farmers and ranchers 
did great work for maintaining and increasing soil 
health using conservation practices alone, 
measurement tools will be instrumental in ensuring 
a sustainable farming future. 
To maintain yields and meet the food demands of a 
growing population while also protecting natural 
resources required, making additional changes and 
data tools can help determine what these changes 
should be. 
The end result of gathering data is to analyse it and 
come up with actionable solutions with better 
results. For example, a satellite image of a plot of 
land has several layers of data embedded into a 
single spectrum giving us a tonne of information to 
analyse. The geospatial approach and satellite 
monitoring of farms have led to major 
advancement in how farmers and companies make 
their decisions. 
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   III.    AI in Agriculture – An Overview 

Essentially, AI in agriculture is segmented into 
robotics, soil and crop management, and animal 
husbandry, and is designed to make farming 
easier, more accurate, more profitable, and more 
productive for the farmer. It is estimated that AI 
and connected farm services can impact 70 
million Indian farmers by 2020, thereby adding 
US$ 9 billion to farmer incomes. In 2017, the 
global AI in agriculture market size was US$ 240 
million, and is expected to reach US$ 1.1 billion 
by 2025 (Maher, 2018). Furthermore, issues such 
as population growth, climate change, and food 
security   demand innovative ways to improve 
crop yield. Therefore, understanding the use of AI 
in agriculture becomes compelling 
 
  IV . Applications of AI in Agriculture 

to farmers in efficiency gains and higher incomes. 
The world needs to produce 50% more food by 
2050. However, only 4% of additional land will 
come under cultivation to meet this demand 
(Bagchee, 2018). AI holds the promise of driving 
an agricultural revolution at a time when the 
world must produce more food using fewer 
resources. This essay briefly discusses key 
applications of AI in agriculture along different 
stages of the cropping cycle that have the 
potential to pay dividends 

 Soil Analysis and Monitoring 

AI can be used to monitor soil health with the 
help of sensors, cameras, and infrared rays that 
scan the soil for its nutritional properties 
(Sennaar, 2019; Baruah, 2018). This also helps in 
understanding the reaction of specific seeds to 
different soils, the impact of weather changes on 
the soil, and the probability of the spread of 
diseases and pests (Irimia, 2016). With such data 
in hand, the efficiency of crop inputs is improved, 
leading to cost savings and productivity gains for 
farmers. Currently, an average of 207.56 kg of 
chemical fertilisers are used per hectare in 
Haryana annually (one of the highest among 
Indian states). Besides being costly for farmers, 
fertilisers also introduce harmful substances into 
the food chain through crops and the water table 
(Indian Fertiliser Scenario, 2013). 

Case Study: AI-backed soil health monitoring 
used in Raleigh, North Carolina, USA, led to 
huge efficiency gains in the use of agro-inputs by 
cutting the use of chemical fertilisers by nearly 
40% (Sennaar, 2019). Furthermore, the spatial 
analysis capabilities of geographic information 
system (GIS) technologies helps in efficient water 
management during irrigation. For instance, in 

Alfalfa in Riverdale, California, GIS technologies 
in irrigation helped  to increase the per acre crop 
output by  up to 37.5%, and reduced water usage 
by 20% (Fictchett, 2013). 

Therefore, AI in analysing and monitoring soil 
health helps to improve the sustainability of a 
given piece of arable land. 

 Crop Sowing 

AI in crop sowing is used essentially to drive 
predictive analytics to determine when and how to 
sow. It helps in making predictions on the right 
time to plant, apply fertilisers, harvest, bale, till, 
etc. based on climate data, historical conditions, 
market conditions for 
 
 Case Study: In 2016, Microsoft, in partnership 
with ICRISAT (The International Crop Research 
Institute for the Semi-Arid Tropics), initiated a 
pilot project in DevanakondaMandal in the 
Kurnool district of Andhra Pradesh. The pilot had 
a sample base of 175 farmers who were alerted on 
their mobile phones about suitable cropping dates, 
land preparation, and soil test-based fertiliser 
utilisation. This helped increase crop output by 
around 30%. In 2017, this project was expanded to 
cater to approximately 3,000 farmers in Karnataka 
and Andhra Pradesh during the Kharif cycle for a 
host of crops like groundnut, ragi, maize, rice, and 
cotton, among others. The increase in crop yield 
following the AI intervention ranged from 10-30% 
across all crops (Nagpal, 2017). 

 Therefore, AI in crop sowing has the potential to 
increase per acre crop output as well as decrease 
input costs for farmers. 

 Weed and Pest Control 

Average losses of up to 90% of the total crop 
production have been reported due to the 
infestation of weed (Meena, 2015). Similarly, 
average losses of up to 19% have been reported     
due to pests (Dhaliwal et al., 2015). This leads to a 
greater use of pesticides, further contaminating the 
soil and groundwater. 

As of today, there are 250 identified species of 
weeds which have become completely resistant to 
herbicides (Sennaar, 2018), presenting a severe 
threat to the sustainability of crop production. 
Pesticide resistance is also on the rise. The 
purchase of insecticides and pesticides contribute 
approximately 5% to the total cost inputs in 
agriculture, and this cost is on rise both in 
percentage and absolute terms (Price Policy 
for Kharif crops, 2017-18; Price Policy 
for Rabi Crops, 2014-15). 
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Case Study: AI helps to optimise on weed and 
pest management by reducing up to 80% of 
weedicides and pesticides used currently 
(Sennaar, 2019). According to a Bloomberg 
report (2018), a project was undertaken by the 
Blue River Technologies (now under John Deere 
& Co.) to evaluate the effectiveness of AI-
supported weed controlling technologies. The 
‘See & Spray’ technology tested under this 
project in Marianna, Arkansas, USA, reduced the 
expenditure on weedicides by around 90% 
reducing the need for weedicides used per acre 
from 20 to just 2 gallons (Little, 2018). 

 Therefore, AI finds great application in precision 
weed and pest management. 

 Crop Harvesting 

An estimated 40% of annual agriculture costs go 
into the employment of labour, predominantly for 
sowing and harvesting (Sennaar, 2019). AI-
enabled robots for harvesting can lead to huge 
cost savings by reducing the need for 
approximately 4 agricultural labourers per acre of 
land (Panpatte, 2018). Furthermore, crops can be 
sorted according to pre-identified grades at the 
time of harvest, saving time and enhancing the 
quality of crops. However, AI is likely to change 
the way labour is employed in agriculture. 
Although conventional manual jobs will be 
replaced, AI presents new opportunities for job 
creation. 

Case Study: AI-enabled robots are being widely 
deployed on tomato farms in Japan, and have 
reduced the on-field labour time by 20% 
(Panasonic, 2018). 

Therefore, AI-enabled robots for crop harvesting 
save the resources of labour and time for farmers. 

     V. Supply Chain Management 

Policymakers have not yet been able to tackle the 
agricultural supply chain challenge. On the one 
hand, farmers either do not receive a suitable 
price for their produce that continues to rot 
in mandis (or marketplace), and on the other, food 
consumers either end up paying exorbitant prices 
or are malnourished. Although AI in agricultural 
supply chain management is yet to make major 
inroads, its informed application in supply chain 
planning and optimisation, including demand 
forecasting and logistics, can lead to huge cost 
savings for farmers, and solve the information 
asymmetry problem for buyers. 

Case Study: Platforms like Jivabhumi’s 
‘Foodprint’ aggregates and traces farm produce, 

and offers a digital marketplace. It uses blockchain 
technology to connect farmers and institutional 
buyers via an efficient and traceable supply chain 
(Baruah, 2019). 

 Therefore, AI has the potential to improve the 
agricultural supply chain efficiency and reduce 
spoilage. 

 Big data can help in Agriculture to increase 

   the   production  By 

1) Boosting productivity and innovation 

2) Managing environmental challenges 

3) Cost savings and business opportunities 

4) Better supply chain management 

 

  VI.   Advantages of data analysis in agriculture 

Data helps debt-laden farmers, insurance agencies, 
loan banks, seed companies, machine industry and 
every big and small player. Data analysis not only 
creates greater awareness and more accurate 
knowledge, but it can also plug the lacunae in the 
supply and marketing chain of the industry. 
Information is power, and the industry can now 
have access to it for more informed decision 
making. These are the ways in which data analysis 
can help: 
Development of new seed traits - Access to the 
plant genome with new ways to measure, map and 
drive information betters products. 
Precision farming - Big data takes advantage of 
information derived through precision farming in 
aggregate over many farms. The resulting 
analytics, insights and better decisions can then be 
deployed through precision farming techniques 
Food tracking - Use of sensors and analytics to 
prevent spoilage and food-borne illnesses 
Effect on supply chains - Seismic shifts in the 
supply chain of seed, crop inputs and food driven 
by the democratisation of technology and 
information 
The big data revolution is in its early days and 
most of the potential for value creation is still 
unclaimed. But it has set the industry on a path of 
rapid change and new discoveries. Stakeholders 
committed to innovation will likely be the first to 
reap rewards. If the farmers would have been 
concerned about the infirmities in terms of data-
based farming, production could be increased. 

 

   VII.   Big Data Applications in Agriculture 

Let's look at a real-life example of the 
application of big data. Yanmar, a Japanese 
manufacturing company, set out to create a 
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sustainable 'smart' greenhouse infrastructure 
to increase process efficiencies .Cameras 
objectively track plant growth. Yanmar then 
utilizes Amazon Web Services to document, 
track, and analyze this video feed to 
understand the various stages of a crop's 
progress. Once certain growth milestones are 
achieved, Yanmar uses its newly found data 
intelligence to intuitively adjust the water and 
nutrient balances that the plants receive to 
optimize their overall growth. This pattern of 
growth tracking and nutrient balancing allows 
Yanmar to create tangible data around which 
method of agricultural nurturing is best and 
develop new methodologies for farming 
specific types of plants while maintaining 
resource-conserving practices. 
 

  VIII.  Conclusion 

 

 Big data and artificial intelligence are in a 
mutually exclusive relationship — as one 
advances, the other benefits. As it benefits, it 
progresses, and the cycle continues to evolve 
both technologies. In more applicable terms, 
the use of big data collecting activities in 
smart agriculture will create more resilient 
and useful AI models, as with Blue River 
Technologies. The deployment of these 
models will create more efficient methods of 
smart agriculture processes, as we see with 
companies such as Yanmar. That, in turn, will 
generate more data to be understood and 
optimized.  
The implementation of big data and AI in 
smart agriculture has already had profound 
effects on a small scale, and its global impact 
will assuredly be even more insightful in 
years to come. 
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Abstract - The mechanical area is enhancing day with 

the aid of using day. Lots of modern thoughts are 

stepping into the area. This task file is certainly to 

endow with a comprehensive examine of the technical 

and theoretical factors of “Blind spot monitoring” all of 

the subjects blanketed on this file are critical for the 

entire know-how and survey of the title “Blind spot 

monitoring”. In the task we've studied and changed the 

product. The reports engrosses different chapter and 

every layout is in the prepared style. Covering primary 

introduction, specification, application, and its makes 

use of in numerous industries. 

 

 

I. INTRODUCTION 

To remove blind spots caused by the A-pillar in an 

automobile, we  placed a digital camera on the automotive 

below the hood of the vehicle  that feeds live pictures to 

a projector placed simply in front of the driver on the 

dashboard or on top of the driver's head when the steering 

is rotated to a certain angle. The projector projects the 

image on to the the screen on the dashboard or that is 

placed over the driver, which can also line with a retro 

reflective fabric. When the steering is rotated to a certain 

angle , it triggers the Arduino which in turn activates the 

sensors attached to the camera which further sends the 

signal to the display placed on the dashboard in front of 

the driver by which the driver can track the real time road 

path more efficiently. The illustration shows the yellow 

car turning right at a T-junction with the red shaded 

 areas representing the blind spot areas caused as a 

result of the  A-pillars. 

                     

                               Figure: Blind Spot View 

 

II. MATERIALS AND METHODS 

A model that we are building with a pure intention to find 

an alternate for the blind spot caused by the A-pillar in an 

automobile. This mainly consists of a night  vision camera 

with an exclusive built quality which can sustain extreme 

weather conditions, a display that receives signals from 

the camera placed a under the bonnet outside the vehicle, 

an Arduino that triggers based on the rotation of the 

steering to a certain angle, angle sensors that will be 

attached to the steering rod in the steering hub.The 

display which we use can be the inbuilt one which comes 

with the car (for certain cars) , or a new display can be 

fixed on the dashboard according to the need of the 

driver.It can be done for both left and right views but the 

actual problem arises from the one pillar which is nearer 

to the driver. 
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Flowchart: Methodology 

 

 

III. WORKING 

To get a proper output from this project, we can make use  

of two approaches. These two approaches are as follows: 

1. By steering rotation angle method 

2. By indicator switch method 

In order to obtain highly efficient blind spot removal 

process, in this project we are making use of steering 

rotation angle method. For successful working of this 

project we made use of angle sensor along with Arduino. 

When the driver makes a turn rotating the steering, at 

certain angle (which can be fixed according to the 

steering ratio) ,at which the driver actually gets the blind 

spot the monitor gets activated. The angle sensor fixed at 

the steering hub base senses this critical angle and sends 

signal to the Arduino. The Arduino is programmed 

according to the need. As the Arduino gets the signal from 

the angle sensor it activates the camera which is fixed 

outside of the A-pillar or at the front end of the car.  This 

camera which must have night vision capabilities, to 

make it efficient during night time, in turn gives the view 

for the blind spot through the display present in the car. 

But a monitor on the right end of the dashboard is more 

preferred in order to get the driver the vision more 

naturally without having to turn his head away losing 

control. 

              

Figure: Blind Spot Monitoring 

 

IV. APPLICATION 

Blind-spot monitoring (BSM) does exactly what it sounds 

like: it monitors the area just outside your vehicle's rear 

quarters. Because many drivers incorrectly set their 

outboard mirrors, these blind spots can conceal a vehicle 

approaching in an adjacent lane. As a result, merging into 

that lane frequently results in a crash. According to the 

National Highway Traffic Safety Administration 

(NHTSA), changing lanes or merging causes 

approximately 9% of all reported vehicle crashes each 

year. When BSM detects a vehicle about to enter a blind 

spot, it alerts you that an adjacent lane is not clear. The 

warning light is usually located somewhere on the 

outboard rear view mirror on whichever side of the 

oncoming car is involved. Instead, it could be displayed 

on your vehicle's A-pillar (the pillar between the 

windshield and either front door), driver-information 

display, or head-up display. 

 

   

V. CONCLUSION 

Within the confines of our limited knowledge, this project 

has provided us with a plethora of opportunities and 

experiences. It not only enlightened us with theoretical 

knowledge, but it also instilled practical knowledge in us 

Steering rotation

Angle Sensor Actuation

Arduino Stimulation

Camera Activation

Display Blind Spot View
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about planning, purchasing, assembling, and machining. 

It is a source of great joy and pride for us to have 

completed this project successfully in such a short period 

of time. We accomplished everything in the best way 

possible by overcoming various constraints and utilising 

all available amenities. 
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Abstract 

The present study is to investigate the 

mechanical properties of glass fiber 

reinforced polymer composites (GFRPCs).  

Glass fibers and graphene have reinforced 

into epoxy matrix to prepare the composites 

by hand lay-up technique. The mechanical 

properties have been studied through tensile, 

flexural and hardness test as per ASTM 

standards. The results have been shown that 

mechanical properties are increased with 

increase in the percentage of glass fiber in 

epoxy matrix. 

Keywords: Glass Fibres, Graphene nano 

particles, Epoxy matrix and mechanical 

properties. 

1. INTRODUCTION 

Recently, fiber reinforced polymer 

composites (FRPC) have been considered as 

the most promising structural materials in 

the sustainable engineering technology on 

account of high strength-weight ratio, higher 

stiffness, cost effectiveness and good 

reproductively. In FRPCs, high strength 

fibres are reinforced into low modulus 

continuous polymeric matrix to make the 

composites [1,3 &5]. In the case of FRPCs, 

reinforcement may be either synthetic fibres 

(glass, carbon, aramid or basalt) or natural 

fibres (banana, jute, sisal, hemp, bamboo, 

coir, kenaf and so on), while matrix 

materials may be thermosets, thermoplasts 

or bio polymers. Fibres are the backbone of 

the FRPCs and verify the strength of the 

composites [2 &4]. The properties of FRPCs 

mainly depend upon strength and stiffness of 

fibres, polymer matrices, fibres loading, 

fibres sizes, fibres orientations, adhesion 

between fibres and polymeric matrices [6].  

Glass fibres are being used in many 

industries such as automotive, aerospace, 

construction and military due to their unique 

properties such as lightweight, high strength 

and modulus, good availability, 

recyclability, high strength and toughness, 

and ease of processing . Glass fibres are the 

most frequently used reinforcement for 
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polymeric matrix to prepare its composites. 

The E-glass and S-glass are the most 

common and commercially used glass 

fibres. E-glass is the least expensive than 

other glass fibres and having a wide range of 

applications in plastic industry. On the other 

hand, S-glass shows the higher tensile 

strength and modulus than E-glass. 

However, E-glass fibre is very popular as 

compare to S-glass due to its low cost. 

Alkali-resistant glass fibres have a small 

amount of zirconium which helps to prevent 

corrosion by alkali attacks. Nowadays, 

GSRPCs have been used in electronics parts 

such as circuit board, televisions, radios, 

computers and phones [7, 8 & 9]. 

Epoxy resin is one of the most used 

thermosets polymers due to its excellent 

properties such as good interface, low curing 

time, high stiffness, better mechanical 

properties, lower moisture absorption and 

ease processing at room temperature. They 

are transparent, light amber color and have 

very little shrinkage [10].  

2. MATERIALS AND METHODS 

2.1 Materials 

 Woven glass fibers are used as 

reinforcement and epoxy resin as a matrix in 

this work. Glass fibres and epoxy matrix 

were purchased from the local resource. 

Epoxy resin refers to a type of reactive 

prepolymer and polymer containing epoxide 

groups. These resins react either with 

themselves in the presence of catalysts, or 

with many co-reactants like amines, phenols 

etc. it was manufactured by araldite with 

commercial name Epoxy LY 556 (Epoxy 

Monomer) and Hardener HY-951.were 

Supplied by zenith industrial supplier, 

Bengaluru . Graphene nano particles were 

supplied by Ultra nanotech Pvt ltd. 

Bengaluru their purity was higher than by 

99%. The average Size of Nano particles is 

5nm. The details of epoxy matrix and 

grapheme reinforcements have given in  

Table 2.1 & Table 2.2. 

Table: 2.1 

Details of Epoxy Matrix 

Material -Epoxy LY 556 

Aspect (visual)  Yellow viscous liquid 
Viscosity at 25 
°C 10000 – 12000 [MPa s] 

Density at 25 °C 1.15 – 1.20 [gm/cm3] 
 

Table: 2.1 

Details of Graphene 

Material –Graphene 
Purity Greater than 99% 
Thickness 5–10 nm 
Length  5-10 micron 
Density 3.1 g/cm3 
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2.2 Methods 

In this study, manual hand layup method is 

used for preparing composite laminates as 

shown in Fig. 2.1. First of all, a release gel 

is sprayed on the mould surface to avoid the 

sticking of epoxy to the surface. Thin plastic 

sheets are used at the top and bottom of the 

mould plate to get a good surface finish of 

the product. Reinforcement in the form of 

Graphene nano particles .Then epoxy in 

liquid form is mixed thoroughly in suitable 

proportion with a prescribed hardener 

(curing agent) and poured onto the surface 

of mat already placed in the mould. The 

epoxy is uniformly spread with the help of 

the brush and a roller is moved with a mild 

pressure on the Graphene-epoxy layer to 

remove any air trapped as well as the excess 

epoxy present.  After placing the plastic 

sheet, release gel is sprayed on the inner 

surface of the top mould plate which is then 

kept on the stacked layers and the pressure is 

applied. After curing either at room 

temperature or at some specific temperature 

at 60˚C - 80˚C, the mould is opened and the 

developed composite part is taken out and 

further processed. For epoxy based system, 

normal curing time at room temperature is 

24 - 48 hours. 

 

 

Fig. 2.1 Hand Layup Fabrication. 

2.3 Testing of Composites 

The tensile test is done by cutting the 

composite specimen as per ASTM: D638 

standard (sample dimension is 216 × 19 × 3 

mm3). A universal testing machine (UTM) 

(Model: KIC-2-1000-C) is used for testing 

with a maximum load rating of 100 KN. 

Composite specimens with different fiber 

combinations are tested, which are shown 

in Figure 2.31. In each case, three samples 

are tested and the average is determined and 

noted. The specimen is held in the grip and 

load is applied and the corresponding 

deflections are noted. The load is applied 

until the specimen breaks and break load, 

ultimate tensile strengths are noted. Tensile 

stress and strain are recorded and load vs 

length graphs are generated. 
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Figure 2.2 3Schematic diagram of Tensile test 

sample 

 
The flexural test is done in a three point 

flexural setup as per ASTM: D790 standard 

(sample dimension is 150 × 12.7× 10 mm3). 

When a load is applied at the middle of the 

specimen, it becomes bends and fractures as 

shown in Figure 2.32. This test is carried out 

in the UTM from which the breaking load is 

recorded and load vs length graphs are 

generated. 

Fig. 2.3Schematic diagram of Flexural test 

sample 

Hardness is the resistance to permanent 

indentation or penetration. Hardness of 

materials like polymer, elastomer and 

rubbers is measured by Shore D scale. 

Durometer has an indenter loaded by a 

calibrated spring. The hardness is 

determined by the penetration depth of the 

indenter under the load. Hardness test is 

done by preparing the specimen as per 

ASTM: D2240 standard. 

3. RESULT AND DISCUSSION 

ASTM standard specimens were prepared 

for tensile testing and the average values of 

calculated tensile strength of different 

samples were tabulated in Table 3.1 

Table 3.1 

Tensile Test results 
Sl.

No 
Sample 

Tensile 
Strength 
(N/mm2) 

1 Epoxy 34.6 

2 
98% Epoxy +1% Glass Fibers+ 

1% Graphene 
22.99 

3 
96% Epoxy +2% Glass 

Fibers+2% Graphene 
27.84 

4 
94% Epoxy +3% Glass Fibers+ 

3% Graphene 
30.60 

 

From the results, it was observed that the 

Graphene nano particle and Fiber reinforced 

with Epoxy specimen possessed higher 

tensile strength than that of plain Epoxy 

specimen. It is also concluded that tensile 

strength of the polymer composite  

increases with the increase in reinforcement 

material. 
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Fig. 3.1: Variation of Tensile Strength with 
reinforcement 

It was also seen that the specimen had the 

peak value of tensile strength obtained at 2 

wt % of Reinforcement as shown in Figure 

3.1. 

Flexural strength is the ability of composites 

or materials to resist bending deflection 

when energy is applied to the structure.  

Table 3.2 

Flexural Test results 

Sl.No Sample 
Flexural 
Strength 
(N/mm2) 

1 Epoxy 37.2 

2 
99 % Epoxy+0.5% Glass Fibers 

+0.5% Graphene 
56.23 

3 
98 % Epoxy +1% Glass Fibers+ 

1% Graphene 
61.58 

4 
97 % Epoxy +1.5% Glass 

Fibers+1.5% Graphene 
63.4 

5 
96 % Epoxy +2% Glass Fibers+ 

2% Graphene 
67.6 

 

 

Fig. 3.2: Variation of Flexural Strength with 
reinforcement 

It was also seen that the specimen had the 

Flexural strength obtained at 2 wt % of 

Reinforcement as shown in Fig. 3.2.  

Hardness number is resistance to 

penetration, indentation or abrasion when 

load is applied on the materials. The 

increase in the hardness number of the 

material shows the resistance to penetration. 

Table 3.3 

Hardness Test results 

Sl. 

No 
Sample 

Shore 

Hardness 

Hs 
1 Epoxy 59 

2 
99 % Epoxy+0.5% Glass Fibers 

+0.5% Graphene 
75 

3 
98 % Epoxy +1% Glass Fibers+ 

1% Graphene 
82 

4 
97 % Epoxy +1.5% Glass 

Fibers+1.5% Graphene 
84 

5 
96 % Epoxy +2% Glass Fibers+ 

2% Graphene 
78 
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Fig. 3.3: Variation of Hardness with 
reinforcement 

It was seen that hardness number did not 

much increase with increase of 

Reinforcement content.. Higher hardness 

number 84 was obtained at 1.5 wt % of 

Reinforcement as shown in Figure. 

4. CONCLUSIONS 

The prepared glass composites are tested for 
water absorption, mechanical and thermal 
properties and following conclusions are 
drawn: 

1. The mechanical properties such as 
tensile, found to be maximum for 
glass Fiber Reinforced composite 
with maximum % wt of glass fibres. 

2. The mechanical properties such as 
flexural strength, found to be 
maximum for glass Fiber Reinforced 
composite with maximum % wt of 
glass fibres. 

3. The mechanical properties such as 
Hardness, found to be maximum for 
glass Fiber Reinforced composite 
with maximum % wt of glass fibres. 
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Abstract - Self-compacting concrete (SCC) is considered 

as a concrete which can be placed and compacted under 

its self-weight with little or no vibration effort and which 

is at the same time cohesive enough to be handled 

without segregation or bleeding of fresh concrete. This 

study presents an experimental investigation on Self-

Compacting and Self-Curing Concrete (SCCM) with 

fine aggregate replacement of a M-Sand (0, 10, 20, 30, 

40%) with 10% and 15% LWA constant and addition of 

mineral admixture Fly Ash. Mix proportions of SCCM 

for M40 grade concrete were arrived. For each concrete 

mix nine 150×150×150 mm cubes, 150×300 mm cylinders 

were cast and left for Self-Curing for 7, 28 and 56 days 

and results are compared with Self-Compacting 

Concrete (SCC). The Slump Flow, J-Ring, U Box, L-Box 

and V- Funnel test is carried out on the fresh properties 

of SCCM and in harden concrete Compressive Strength, 

Split Tensile Strength were determined. The flow 

properties on SCC with cement, Fly Ash as additional for 

cementitious material and various proportions of M-

Sand has been performed and found that the values of 

Slump flow, V-Funnel, U-Box, L-Box and J-Ring were 

within the limits prescribed by EFNARC. From overall 

study, it was concluded that SCC with Quarry Dust 

found satisfactory. 
 

Keywords - Self Compacting Concrete (SCC), Fly 

Ash, Light Weight Aggregates and M-Sand. 
 

I. INTRODUCTION  
The self-compacting concrete (SCC) is the newest 

innovating category of high-performance concrete, 
characterized by its ability to spread and self-consolidation 
in the formwork exhibiting any significant separation of 
constituents. Elimination of vibration for compacting 
concrete during placing with the use of SCC leads to 
substantial advantages related to better homogeneity, 
enhancement of working-environment and improvement in 
the productivity by increasing the speed of construction. One 
of the disadvantages of SCC concrete is its cost, associated 

with the use of high volume of Portland cement and use of 
chemical admixtures. One alternative to reduce the cost of 
SCC is the use of mineral admixtures such as fly ash, which 
is finely, divided material added to concrete during mixture 
procedure. When this mineral admixture replaces a part of 
the Portland cement, the cost of SCC will be reduced 
especially if the mineral admixture is waste or industrial by-
product. Moreover, the use of mineral admixture in the 
production of self-compacting concrete not only provides 
economic benefits but also reduces heat of hydration. SCC 
is not a new material, but rather new and improved way of 
executing the concreting operation. SCC, similar to CVC 
(conventional vibrated concrete), has a wide variety of 
properties to achieve specific targets. A wide number of 
definitions can be found in the literature, but all of them 
describe SCC in the common way: SCC is a concrete that is 
able to flow under its own weight and completely fill the 
formwork and encapsulate the reinforcement, while 
maintaining homogeneity and can consolidate without the 
need for vibration compaction. The use of SCC offers 
benefits in the key areas such as construction process, 
concrete quality, energy conservation, health and safety. 
There are many advantages of using SCC especially when 
the material cost is minimized. These include: 

1. Reducing the construction time and labour cost. 
2. Eliminating the need for vibration. 
3. Reducing the noise pollution 
4. Improving the filling capacity of highly congested 

structural members. 
5. Facilitating construability and ensuring good 

structural members. 
SCC consists of the same components as conventionally 

vibrated concrete, which are cement, aggregates and water, 
with the addition of chemical and mineral admixtures in 
different proportions. 
 

II. OBJECTIVES OF STUDY  
1. To study the fresh properties for all mix 

proportions such   as: 
Slump Flow 
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J-Ring Test 
U-Box Test 
V-Funnel 
L-Box 
 
 To determine the different strength parameters 

such as compressive strength, split tensile strength of the 
Self-Compacting and Self-Curing Concrete (SCCM) in 
comparison to Self-Compacting Concrete (SCC). 

Some of the terms frequently used in the present 
investigation are defined as follows: 

Self-Compacting and Self-Curing Concrete (SCCM). It 
is the self-compacting and self-curing concrete produced by 
replacing coarse aggregate with 10% and 15% of light 
weight aggregate (LWA) and fine aggregate by 0, 10, 20, 30 
and 40% of M-Sand. 

Self-Compacting Concrete (SCC): It is a composite 
product produced by mixing cement, fine aggregate, coarse 
aggregate and water in suitable proportions. 

SCCM0: It is the self-compacting and self-curing 
concrete produced by replacing coarse aggregate with 10% 
of light weight aggregate (LWA). 

SCCM1: It is the self-compacting and self-curing 
concrete produced by replacing coarse aggregate with 10% 
of light weight aggregate (LWA) and fine aggregate by 10% 
of M-Sand. 

SCCM2: It is the self-compacting and self-curing 
concrete produced by replacing coarse aggregate with 10% 
of light weight aggregate (LWA) and fine aggregate by 20% 
of M-Sand. 

SCCM3: It is the self-compacting and self-curing 
concrete produced by replacing coarse aggregate with 10% 
of light weight aggregate (LWA) and fine aggregate by 30% 
of M-Sand 

SCCM4: It is the self-compacting and self-curing 
concrete produced by replacing coarse aggregate with 10% 
of light weight aggregate (LWA) and fine aggregate by 40% 
of M-Sand. 

SCCM5: It is the self-compacting and self-curing 
concrete produced by replacing coarse aggregate with 15% 
of light weight aggregate (LWA). 

SCCM6: It is the self-compacting and self-curing 
concrete produced by replacing coarse aggregate with 15% 
of light weight aggregate (LWA) and fine aggregate by 10% 
of M-Sand. 
     SCCM7: It is the self-compacting and self-curing 
concrete produced by replacing coarse aggregate with 
15% of light weight aggregate (LWA) and fine aggregate 
by 20% of M-Sand. 
     SCCM8: It is the self-compacting and self-curing 
concrete produced by replacing coarse aggregate with 
15% of light weight aggregate (LWA) and fine aggregate 
by 30% of M-Sand 
     SCCM9: It is the self-compacting and self-curing 
concrete produced by replacing coarse aggregate with 
15% of light weight aggregate (LWA) and fine aggregate 
by 40% of M-Sand. 
 

Self-curing or internal curing is a technique that can be 
used to provide additional moisture in concrete for more 
effective hydration of cement and reduced self-
desiccation. There are two major methods available for 
internal curing of concrete. The first method uses 
saturated porous lightweight aggregate (LWA) in order 

to supply an internal source of water, which can replace 
the water consumed by chemical shrinkage during 
cement hydration. The second method uses poly-ethylene 
glycol (PEG) which reduces the evaporation of water 
from the surface of concrete and also helps in water 
retention. In the present study the first method is being 
adopted. The use of fly ash, blast furnace slag and silica 
fume in SCC reduces the dosage of superplasticizer 
needed to obtain similar slump flow compared to 
concrete mixes made with only Portland cement. 
 

 

 

III. EXPERIMENTAL PROGRAM 
In this investigation 99-cube, 99-cylinders are tested to 
investigate concrete compressive strength and split 
tensile strength of SCC with the combination of M-
Sand Fly Ash and light weight aggregate. All test 
specimens of cube with 150 mm size and cylinders 
with diameter 150 mm and 300 mm in length. 

 

IV. MATERIALS USED IN THIS EXPERIMENT 
1) Cement (C) 

In this experimental study, Ordinary Portland Cement 
conforming to IS: 8112-1989 was used. The physical 
and mechanical properties of the cement used are shown 
in Table 1 
 

TABLE-1: PROPERTIES OF CEMENT 

 

2) Light Weight Aggregate (LWA) 

It is highly porous light weight aggregate. Its density 
is approximately 0.25g/cm3. It is typically light 
colored and translucent bubble walls. 
3) FLY ASH 

Fly ash or pulverized fuel ash is the residue of the 
combustion of finely ground coal used in thermal 
power plants. It is removed by the dust collection 
system as fine particle residue from the flue gases 
before they are discharged into atmosphere. These 
micron-sized earth elements consist primarily of silica, 
alumina and iron. When mixed with lime and water the 
fly ash forms a cementations compound with 
properties very similar to that of Portland cement. 
Because of this similarity, fly ash can be used to 
replace a portion of cement in the concrete, providing 
some distinct quality advantages. Fly Ash is also 
known as Coal Ash, Pulverized Fuel Ash and 
Pozzolana. Fly Ash is the most commonly and 
abundantly available artificial pozzolana. Large 
proportion of fly ash, which is produced in India, can 
be advantageously used in cement and concrete. It is 
the most widely used pozzolanic material all over the 
world. The importance and use of fly ash in concrete 
has grown so much that it has almost become a 
common ingredient in concrete, particularly for 

Physical properties Results 

Fineness 2% 
Normal consistency 31% 

Vicat initial setting time (minutes) 30 
Vicat final setting time (minutes) 400 

Specific gravity 3.1 
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making high performance and SCC. 

4) AGGREGATES 

Locally available natural sand with 4.75 mm maximum 
size was used as fine aggregate (FA). Coarse aggregate 
(CA) of maximum 
12.5 mm was used. Table-3 gives the Physical properties 
of fine & coarse aggregate. 

5) SUPER PLASTICIZER (SP) 

Master glenium-Ace 30(JP) from BASF Bangalore was 
used. 
 
TABLE-2: PHYSICAL PROPERTIES OF FINE & COARSE AGGREGATE 

 
6) M-SAND  

Basalt fines, often called quarry or rock dust are by 
products of the production of concrete aggregates 
by crushing of rocks. The addition of quarry dust to 
normal concrete mixes is limited because of its high 
fineness. The addition of quarry dust to fresh 
concrete increases the water demand and 
consequently the cement content for given 
workability and strength requirement however 
potential benefits to using quarry dust is the cost 
having, because the material cost varies depending 
on the source. 

7) WATER 

Ordinary portable water is used. 
 

V. SCC MIX DESIGN 
Several methods exist for the mix design of SCC. 

We have adopted Nan-Su method. Mixing procedure for 
SCC is described as follows: 
 Binder and aggregates are mixed for one minute. 
 The 1st part (70%) of water was added and mixed for 

two minutes. 
 SP and VMA along with 2nd part (30%) of water 

was added and mixed for two minutes. 
 The mix was stopped and discharged for SCC tests. 

 
 
 
 
 
 
 
 
 
 
 

 

VI. RESULT AND DISCUSSION 
This chapter consists of test results and discussions on 
workability, compressive strength, split tensile 
strength Self-Curing Concrete (SCCM) for different 
fine Aggregate (Natural Sand) and coarse aggregate 
(LWA) replacement levels. The test results are 
compared with Self Compacting Concrete (SCC). 
A) Properties of Fresh state SCC 
The workability is measured by flow properties as per 
EFNARC. The values of flow properties with constant 
water/binder ratio for Self-compacting self-curing 
concrete for different mixes were measured. 
B) Properties of hardened SCC 
The properties of hardened SCC were measured in 
terms of Compressive Strength obtained from 
Compression test confirming to IS 516-1959.Tests 
were conducted at different curing periods of 7, 28 and 
56 days. The tensile strength is one of the basic and 
important properties of concrete. Hence, the tensile 
strength of concrete is obtained indirectly by 
subjecting concrete cylinders to the action of 
compressive force along two opposite generators of a 
concrete cylinder placed with its axis horizontal 
between the compressive platens. Due to the 
compression loading a fairly uniform tensile stress is 
developed over nearly 2/3 of the loaded diameter as 
obtained from the elastic analysis. The split tensile test 
is carried out as per IS: 5816-1970. The magnitude of 
tensile stress was evaluated using the relation σSP = 
2P/ πDL = 0.637P/DL. The results of variation in 
compressive strength and tensile strength with various 
curing periods are as shown in table and figure. 

 
 
 

 
 
 

Property 
Fine Aggregate 

(FA) 

Coarse 

Aggregate (CA) 

Specific gravity 2.5 2.84 
Fineness 
modulus 

3.37 7.1 

Surface texture Smooth -- 
Particle shape Rounded Angular 
Crushing value -- 17.4 
Impact value -- 12.5 

ICGCP-2022 Sapthagiri College of Engineering

ISBN: 979-88-35073-61-0 22



 
TABLE-3: DETAILS OF SELF-COMPACTING AND SELF-CURING CONCRETE (SCCM) AND SELF-COMPACTING CONCRETE (SCC) 

SPECIMENS CONSIDERED FOR STRENGTH PARAMETERS.
 

 
 

Sl 
no 

 
Type of concrete 

 
Designation 

Cementitious 
material 

Fine aggregate 
contents 

Coarse aggregate 
conctents 

Cement 
Fly 

Ash 
Sand 

Quarry 

Dust 
CA LWA 

1 Self-Compacting Concrete SCC 79% 21% 100% 0% 100% 0% 
2  

 

 
 

Self-Compacting and Self-
Curing Concrete (SCCM) 

SCCM0 79% 21% 100% 0% 90% 10% 
3 SCCM1 79% 21% 90% 10% 90% 10% 
4 SCCM2 79% 21% 80% 20% 90% 10% 
5 SCCM3 79% 21% 70% 30% 90% 10% 
6 SCCM4 79% 21% 60% 40% 90% 10% 
7 SCCM5 79% 21% 100% 0% 85% 15% 
8 SCCM6 79% 21% 90% 10% 85% 15% 
9 SCCM7 79% 21% 80% 20% 85% 15% 

10 SCCM8 79% 21% 70% 30% 85% 15% 
11 SCCM9 79% 21% 60% 40% 85% 15% 

 
TABLE-4: COMPRESSIVE STRENGTH OF SCCM CONCRETE AND SCC 

 

Sl 
no 

 
Designation 

Fine aggregate 
contents 

Coarse aggregate 
contents 

Average compressive strength, N/mm2 at 
Different ages 

Sand M-Sand CA LWA 7 Days 28 Days 56 Days 

1 SCC 100% 0% 100% 0% 26.8 46.4 51.2 
2 SCCM0 100% 0% 90% 10% 27.2 46.6 51.7 
3 SCCM1 90% 10% 90% 10% 28.1 46.8 52.3 
4 SCCM2 80% 20% 90% 10% 31.0 48.1 54 
5 SCCM3 70% 30% 90% 10% 32.3 50.2 54.5 
6 SCCM4 60% 40% 90% 10% 32.1 50 53 

 

 

Sl 
no 

 
Designation 

Fine aggregate 
contents 

Coarse aggregate 
conctents 

Average compressive strength,N/mm2 at Different 
ages 

Sand M-Sand CA LWA 7 Days 28 Days 56 Days 

1 SCC 100% 0% 100% 0% 26.8 46.4 51.2 
2 SCCM5 100% 0% 85% 15% 27.3 46.8 52.7 
3 SCCM1 90% 10% 85% 15% 28.5 48.0 54.1 
4 SCCM2 80% 20% 85% 15% 31.8 48.6 54.8 
5 SCCM3 70% 30% 85% 15% 33.3 50.8 56.1 
6 SCCM4 60% 40% 85% 15% 32.7 50.0 54.1 
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VII OBSERVATION AND DISCUSSION 

1. By increasing the percentage of M-Sand, the 
compressive strength goes on increasing at all levels. 
The maximum strength is observed for 30% 
replacement of M-Sand in both cases 10% LWA and 
15% LWA replacements to CA internally cured and 
were water sprinkled. 

2. It observed that the strength increases up to 30% 
replacement of M-Sand. Three standard cubes each 
for various mixes were tested to determine 7 days, 28 
days and 56 days compressive strength. 

3. The increase in the compressive strength which is 
maximum for SCCM3 concrete is 21%, 9% ,7% at 7, 
28, 56 days respectively in comparison to that of 
SCC (water cured) at laboratory condition. 

4. The increase in the compressive strength which is 
maximum for SCCM8 concrete is 24%, 9%, 9% at 7, 
28, 56 days respectively in comparison to that of 
SCC at laboratory condition. 

 

 
 

5. The decrease in the compressive strength was 
generally 2-3% was observed in the compressive 
strength for 40% Replacement of quarry dust for 
SCCM9 and SCCM4 as compared to that of SCCM3 
and SCCM8. 

6. This shows that it is possible to use M-Sand in place 
of natural sand up to 40% if Cement is supplemented 
by the addition of fly ash and also subjected to 
internal curing at the point of scarcity of water and 
sprinkling of water by replacing with appropriate 
percentages of coarse aggregate with that of light 
weight aggregate. 

7. The compressive strength substantially increased 
made with combination of Light Weight Aggregate 
and Normal Weight Aggregate. 

8. The amount of increase in Compressive Strength 
substantially increases with increasing the portion of 
Normal Weight Aggregate. 

 

TABLE-5: SPLIT TENSILE STRENGTH OF SCCM CONCRETE AND SCC 

Sl 
no 

 
Designation 

Fine aggregate 
contents 

Coarse aggregate 
conctents 

Average Split tensile strength, N/mm2 at 
Different ages 

Sand M-Sand CA LWA 7 Days 28 Days 56 Days 

1 SCC 100% 0% 100% 0% 2.6 3.2 3.9 
2 SCCM0 100% 0% 90% 10% 2.63 3.27 3.92 
3 SCCM1 90% 10% 90% 10% 2.68 3.30 4.0 
4 SCCM2 80% 20% 90% 10% 2.71 3.48 4.14 
5 SCCM3 70% 30% 90% 10% 2.8 3.61 4.20 
6 SCCM4 60% 40% 90% 10% 2.69 3.60 4.19 
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Sl 
no 

 
Designation 

Fine aggregate 
contents 

Coarse aggregate 
conctents 

Average Split Tensile strength,N/mm2 at Different 
ages 

Sand M-Sand CA LWA 7 Days 28 Days 56 Days 

1 SCC 100% 0% 100% 0% 2.6 3.2 3.9 
2 SCCM5 100% 0% 85% 15% 2.71 3.43 3.93 
3 SCCM1 90% 10% 85% 15% 2.77 3.47 4.13 
4 SCCM2 80% 20% 85% 15% 2.83 3.60 4.23 
5 SCCM3 70% 30% 85% 15% 2.87 3.66 4.27 
6 SCCM4 60% 40% 85% 15% 2.81 3.60 4.20 
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     VIII OBSERVATION AND DISCUSSION 
1. By increasing the percentage of M-Sand, the split 

tensile strength goes on increasing at all levels. The 
maximum strength is observed for 30% replacement 
of M-Sand in both cases 10% LWA and 15% LWA 
replacement to CA. 

2. It can be seen that strength increases up to 30% 
replacement of M-Sand. Three standard cubes each 
for various mixes were tested to determine 7 days, 28 
days and 56 days split tensile strength. 

3. The increase in the split tensile strength which is 
maximum for SCCM3 concrete is 7%, 13% ,8% at 7, 
28, 56 days respectively in comparison to that of SCC 
for 10% coarse aggregate replaced by LWA subjected 
to internal curing at laboratory condition. 

4. The increase in the split tensile strength which is 
maximum for SCCM8 concrete is 10%, 15% , 10% at 
7, 28, 56 days respectively in comparison to that of 
SCC for 15% coarse aggregate replaced by LWA 
subjected to internal curing at laboratory condition. 

5. This shows that it is possible to use M-Sand in place of 
natural sand if Cement is supplemented by the addition 
of fly ash. 

6. This shows that it is possible to use M-Sand in 
place of natural sand up to 30% if cement is 
supplemented by the addition of fly ash and also 
subjected to internal curing at the point of 
scarcity of water and sprinkling of water by 
replacing with appropriate percentages of coarse 
aggregate with that of Light Weight Aggregate. 

7. The split tensile strength substantially increased made 
with combination of Light Weight Aggregate and 
Normal Weight Aggregate. 

8. The amount of increase in split tensile strength 
substantially increases with increasing the portion of 
Normal Weight Aggregate. 

IX CONCLUSION 
The study examines the properties of freshly poured Self-
Compacting Concrete with fixed water cement ratio of 
0.45 in which cement is added with fly ash and natural 
sand replaced by various percentage quarry dust in weight 
ratios of 0, 10, 20, 30, 40% the following observations are 
made: 
1. The fresh properties of SCCM mixes in terms of 

passing ability, filling ability and segregation 
containing different proportions of quarry dust and 
light weight aggregate formed that the values are 
within the limits prescribed by EFNARC. 

2. The results showed that the slump flow varied with 
replacement ratio of M-Sand for natural sand and 
LWA 

3. The average compressive strength of SCCM having 
30% M-Sand for both 10% LWA and 15% LWA 
internally cured as compared to SCC water cured was 
increased by 9% for 28 days. 

4. The average split tensile strength of SCCM having 
30% M-Sand for  both 10% LWA and 15% LWA 
internally cured as compared to SCC water cured was 
increased by 13% and 15% for 28 days. 

5. It is been indicated that SCCM mixes at all 
replacement levels of M-Sand has higher 
compressive strength and split tensile strength 
subjected to internal curing with addition filler 

material fly ash. 
6. Hence it is possible to successively utilize waste M-

Sand and fly ash for replacement of natural sand 
and at point of scarcity of water may be subjected to 
self-curing by proper replacement of LWA due to its 
absorbed mechanical advantages. 

7. The employment of waste mineral admixture and by 
self-curing improved the economic feasibility of 
SCC production on a unit strength basis. 
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 Abstract- The solid waste land fill site 
selection is a relatively delicate process. In this 
study, the suitability of solid waste land fill site 
selection for the city of kanivenahalli pavagada 
city will help the urban local bodies’ people. 
This paper covers an introduction to project, 
study area, status of the existing solid waste 
management system and recycling of solid 
waste use in mechanical recycling techniques 
that are presented. From this study leads to the 
represents a necessary environmental 
protection as well as an economic opportunity   

                                     

1. INTRODUCTION 

Municipal Solid waste Management has always 
been a great challenge and is one of the 
important Obligatory functions of the urban 
local bodies (ULBS) in Municipal authorities. 
However, most of them are currently unable to 
fulfil their duty to ensure the environmentally 
sound and sustainable ways of dealing 

With waste generation, collection, transport, 
treatment, and disposal. The failure of 
municipal solid waste management (MSWM) 
can result in serious health problem and 
environmental degradation. Because of 
deficient services, uncollected waste often also 
mix with human and animal excreta is Dumped 
indiscriminately in the streets and in drains, 
thereby contributing to flooding, breeding of 
insect and rodent vectors, and spreading of 
diseases.  A sustainable amount of this waste is 
extremely danger to the living organisms 
including human beings. To overcome this 
problem, efficient solid waste management 
must be implemented. The objective of solid 
waste management to control, collects, process, 
utilize and dispose of solid waste in such an 
economical way which protects health of 
human being and natural environment                                            

2. STUDY AREA  

Pavagada is a town in pavagada taluk in 
Tumkur district, in the Indian state of 
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Karnataka as shown in figure 1 .It is a taluk 
headquarter. It lies between 14.1°Nand 77.27°E 
with an average elevation of 646 meters (2119 
feet).The town of pavagada has population 
34,522 and an area of 6.75KM the Pavagada 
city where it is relatively hot. The year may 
broadly be classified into four seasons. The dry 
seasons are from January to February, followed 
by hot weather from March to May. The SW 
monsoon season is from June to September and 
the NE monsoon period from October to 
December. The sum of average annual 
precipitation in pavagada city is 665mm.The 
monthly temperature for pavagada city 36°C 
during April. Similarly, the minimum 
temperature falls in the year 2021 is 17C during 
January. The following table1 shows number of 
sources and the average waste generated in 
each source based onthe waste estimation. 
Amount of waste generated from Residents 
(7.34tons), commercial establishments 
(2.10tons), markets (0.29tons), Meat/chicken 
(0.21tons), hotels and restaurants (0.32tons), 
street sweeping (1.26tons) and in 
Miscellaneous (0.34tons) and overall wastes 
generated is (11.56tons). 

 

 

Figure1. Map showing pavagada city  

TABLE l. ESTIMATION OF QUANTITY 
FROM WASTE GENERATION  

SL 

no 

Wast

e 

No 

of 

gene

Avg. 

waste 

per 

Total 

waste 

in kg 

Total 

waste 

gener

ators  

rato

rs  

day in 

kg  

in 

tons 

1 House
hold 

6699 1.0 6699 6.70 

2 Slum 
house 
hold 

709 0.9 638.1 0.64 

3 Shops 887 1.6 1392 1.39 

4 Meat 18 11.6 0.95 0.21 

5 Petty 
shop 

57 1.49 208 0.08 

6 Hotel 35 9.2 84.93 0.32 

7 Marke
ts 

1 290 322 0.29 

8 Institu
tion 

26 2.1 219 0.05 

9 Marri
age 
halls 

8 35 280 0.28 

10 Street 
sweep
ing  

    

 A 17.5 60 452.4 0.45 

 B 17.5 30 526.5 0.53 

 C 16.3 14 228.0 0.23 

 D 8.9 5.6 49.9 0.05 

11 Misce
llaneo
us 
waste 

5%  335.31 0.34 

TOTAL   11562.

24 

11.56 

 

3. METHODOLOGY: 

The pavagada town has setup municipal solid 
waste management disposing sites at 
kanivenahalli which is located 4km away from 
the town. The total area of landfill site is about 
10.27acres.This site is being is used for 
dumping of municipal solid waste generated in 
the town .The facilities has been provided with 
the security Shed, storerooms, composite pit, 
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compound wall and electricity connections. 
The disposal sites are not being provided with 
watchman and weighing bridge. The collected 
waste directly dumped into landfill site, 
presently there is no processing and handling of 
waste.  

THE RECYCLING TECHNIQUES THAT 

ARE PROPOSED: REVISED PRICE 

SCHEDULE: 

SL NO. DESCRIPTION PRICE 

1 supply of 
equipment as per 
details attached  
MSW 50 TPD  

RS.1,04,36,000/- 
 

2 Vertical baler 
machine  

R 3,15,000/- 

3 Twin shaft 
shredder Model 
250 

Rs7,25,000/- 

4 TROMMEL 
MACHINE 

RS6,50,000/- 

3A. ALFA THERM-MSW 50 TPD 

COMPOST PLANT 

 

Figure2. MSW 50 TPD COMPOST PLANT   

The weight of all incoming vehicles containing 
MSW shell be recorded with electronic weigh 
bridge at the entry gate, where after it shell be 
unloaded and tipping floor and visually 
inspected and large in at material shell be 
removed there from. Composting is one of the 
promising technologies for managing 
municipal solid waste. Though it is a natural 
process which transforms decomposable 
organic material in to carbon dioxide, water and 
stabilizes organic matter, intervention with 
specific control measure to established and 
maintains the composting process is utmost 
necessary The fermented waste is subjected to 
mechanical screening in dual rotary sieves of 
35mm and16mm screen with a set of 
conveyors-feeding, undersize and oversize the 
screen material is transferred and stacked in the 
curing section. The oversize + 35 and 16mm 
content is transferred to the land fill/RDF The 
fermented and screen waste is stacked in the 
curing section for 14days for further 
stabilization and moisture control. Additives 
can be added to improve the quality of the final 
project. The shed requires proper 
ventilation.The compost is now subjected to 
screening in a Trommel with 4mm opening 
followed by refinement removing the 
impurities like dust, stones, glass etc.in a DE 
stoner from the   finished product The high 
quality compost thus produced can either be 
packed in bags of appropriate weight, 
suggested 50kgs, or can be directly be loaded to 
tractor trolleys. Packed bag shall be sealed 
using portable stitching machine and finally 
stacked in the finished goods store room with a 
three day storage facility. The recyclable 
material shall also be stored appropriately. 

3B.VERTICAL BAILER MACHINE 
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Figure3. Waste Compactor/Bailer Machine 

Recycling and green business have been in the 
fore front of the news in the few years, and all 
corporation, large and small, are required to do 
their parts, environmental regulation 
compliance is of prime importance and also the 
need to reduce the load on the landfills. Vertical 
balers are one such technology to bale the 
material and make it economically to 
transport/store and fit and extraordinary well in 
a modern efficiency plan. A vertical baler is 
large machine that takes use amount of card 
board, plastic and paper, aluminium etc. and 
compact them together in a bale of a recyclable 
materials. This method of removals saves the 
storage space and makes the complete process 
efficient. Instead of having to analyse and place 
the recyclable material as they come in, there 
are all placed in to the baler before being 
compacted and loaded on to the trucks for the 
further transportation. This method of recycling 
can make a costly land fill process in to a 
profitable business. No one wants to see 
recyclable materials go to waste in a land fill, 
but a corporation has to deal with this large 
issue any way possible. With the use of 
recycling an vertical balers, this to goals do not 
need to be a at odd with each other. Vertical 
balers are easy to use and also help in moisture 
removal from the waste. The leachate is 
collected at the bottom of the unit in a tray. 

Power consumption is lesser and hence the 
leaching baling cost also reduces.      

3C.TWIN SHAFT SHREDDER 

CAPACITY-5 TONS PER DAY 

Figure4. Twin Shaft shredder. 

Twin shaft shredders are multipurpose 
shredders that can shred a variety of bulky 
materials in either the primary or secondary 
stages. The shredders are exceptionally tough, 
with a solid support system that can bear any 
load. Electrical and hydraulic drive systems for 
shredders are plentiful. Conveyors for feeding 
and discharging are available. The housing is 
welded together and made of solid materials. 
The bearing unit is separate and well-sealed to 
prevent damage from liquids and solids, 
extending its life. Low speed, high torque, low 
noise, low dust, and low maintenance are all 
characteristics of the shredders. When the 
shredder is overloaded and foreign objects are 
caught in the cutting unit, the rotor comes to a 
halt and slides backward before returning to its 
previous position. The twin shaft shredders are 
used for shredding of Medical Waste, 
Municipal Solid Waste, Wood, Tyres, Plastic, 
E-waste, Packing material, textile, Drum, 
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Metals,  oversize bulky waste, industrial waste, 
General Waste, Hazardous Waste, end of life 
equipment and other difficult to shred items. 
The heavy-duty shredders manufactured by us 
have capacities up to 20 tons/hr. capacity 

3D.TROMMEL SCREEN  

 

Figure5. Trommel Screen. 

A trommel screen is a rotary screen that 
separates materials based on their size. It is 
mostly employed in the solid waste processing 
and mineral processing sectors. The material 
that is oversize is separated from the material 
that is undersized. The trommel℃℃ screen is 
made out of a large cylindrical drum with 
several holes/openings of the desired separation 
size. The perforations aid in material 
classification, and when the drum rotates, only 
material that is smaller than the size of the holes 
falls through, while bigger materials flow out 
the other side of the trommel. 

4. RESULT AND DISCUSSION: 

 In this study we attempt to identify the 
land fill site using the collected data.  

 The 50 TPD compost plant helps in the 
recycling the food waste, market waste, 
yard waste, plastic products and other 
miscellaneous solid waste 

 Vertical Bailer machine which helps to 
take the huge amounts of amounts of 

cardboard, plastic and paper, 
aluminium etc. And compost them 
together in a bale recycling materials. 

 The twin shaft shedder are most used 
technique as it segregate medical waste, 
E-waste drum, metals and oversize 
bulky.   

 Trommel screen which helps to seperate 
the materials based on their size. 

 Proposed the new technics to the 
pavagada city which leads to have a 
clean environment. 

 From the proposed mechanical 
technique we can give the job 
opportunity to the un employed people   

 

5. CONCLUSION:  

The solid waste management in pavagada city 
appears to be inadequate and needs up 
gradation. The solid waste has to be disposed of 
scientifically through sanitary landfill and 
recyclable portion of the waste should be 
salvaged. Segregation of recyclable material 
would also leads to reduction in quantity of 
solid waste for final disposal. Higher priority 
needs to be assigned to the management of 
municipal solid waste by the local authority and 
a system approach needs to be adopted for 
optimizing the entire operation of SWM 
encompassing segregation at source, timely and 
proper collection, transportation routes and 
types of vehicles and development. Here we 
attempt to introduce the new technologies like 
50 TPD compost plant, Vertical Bailer, 
Trommel screen and Twin shaft shredders. 
These technologies are more convenient ways 
to the disposal of Solid waste. The selection of 
land fill site in kanivenahalli leads to a lot of 
changes to the urban local bodies, as waste will 
be not dumped in road side. This leads to have 
a better opportunity’s for the further solid waste 
management.   
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ABSTRACT — The use of recycled concrete aggregates as an 

alternative source of coarse aggregates for the production of new 

concrete can help to solve the problem of depleting natural 

resources and that of growing waste disposal crisis. There is 

recycling could be decreases the concrete performance, 

particularly for recycled aggregate. To compensate for this 

decreases, cement content can be adjusted hence, the 

environmental interest of RA (Recycled aggregate) has to be 

assessed. From the strength point of view, the uses of RA induces 

a decreases of RAC (Recycled aggregate concrete) performance, 

which is proportional to their content. This decreases can be 

compensated for by increasing cement content. For 50% of RA 

dosage, a 16% of additional cement is necessary to achieve the 

compressive strength of NAC (Natural aggregate concrete) when 

RA is used. From the research point of view granite powder as a 

cementious property hence we are using a 16% of granite 

powder to achieve workability and more over increases density, 

hence increasing the durability of concrete. 

  

 INTRODUCTION: 

Construction and demolition are the procedure that works 
simultaneously. The demolished buildings are rubble in India 
generally goes to waste in landfills. After few years buildings 
and demolition waste will be more than half of the national 
total waste in the most nations of the world so recycling of 
these concrete waste materials from building demolition can 
provide a solution to this problem. 
In construction field concrete is main construction material 
across the world and is mostly used in all type of civil 
engineering works. An aggregate represents the about 70-80% 
of concrete components so it will be beneficial to recycle the 
aggregate for construction works and also to be solve the 
environmental problems. To minimize the problem of excess 
of waste material it is good step to utilize the recycled 
aggregates provided that the desired final product will meet 
the standards. The cost of recycled concrete aggregate may be 
less than 20-30% less than natural aggregates in some regions. 
Protection of environments is a basic factor which is directly 
connected with the survival of the human race. Parameters 
like environmental consciousness, protection of natural 
resources, sustainable developments play an important role in 
modern requirements of construction works. Due to 
modernization, demolition materials are dumped on land not 
use for any purpose such situation affect the fertility of land. 
The first large scale use of demolition rubble as aggregate 
occurred after the second world war. A review of overseas 

literature carried out as part of this project, shows that 
research into using recycled concrete aggregate with granite 
powder for new concrete began in earnest in the mid to late 
1970's. Work was carried out in both North America and 
Europe. The main reasons generally given for carrying out the 
research were (Buck. 1977: Frondistou-Yannas, 1977). 
• A shortage of readily available, high grade conventional 

aggregates. 
• Environmental concerns, including lack of landfill sites 

for disposal of demolition rubble, and the environmental 
impact of transporting conventional aggregates greater 
and greater distances.  

• Economic concerns, which parallel the environmental 
concerns, As aggregate supplies and rubble disposal sites 
become more scarce, the cost of these services increases, 
making recycling a cost effective option. 

Stringers are attached to the top and bottom skin panels 
and run through the span-wise direction of the wing. Stringers 
stabilize the skin against buckling by means of providing 
longitudinal stability and carry bending stresses. An aircraft 
has at least two spars, front and rear spars, which run through 
the span of the wing and from top to bottom. Spar acts as an 
end member for the wing box and carries wing bending loads.  

 
Figure 1. Granite powder 

METHODOLOGY: 

 
 Plain cement concrete and reinforce cement concrete 

is collected from sites.  
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 This collected material is crushed by hammer to 
separate the aggregates and reduce their sizes in 
smaller fraction. 

  On these separated aggregates various testes are 
conducted in laboratory as per Indian Standard code 
& their results are compared with natural aggregates. 

  Recycled aggregate reduces the impact of waste on 
environment. By using some percentage in 
construction sector, cost is saved, due to reduction of 
transportation and manufacturing process.  
 
TESTS ON MATERIAL 

 Tests on cement 
a. Field test 
b. Laboratory test 
   1. Normal consistency  
   2. Specific gravity. 
   3. Initial & final setting time 

 
 

Figure 2. Cement 
 

Test on granite powder  
a. Specific gravity test 
b. Sieve analysis 

 
 

Figure 3. Crushed granite powder 
 

Test on fine aggregate  
a. Specific gravity test  
b. Sieve analysis 
 

 

Figure 4. Fine aggregate 
 

Test on Coarse aggregate  
 a. specific gravity test  
 b. impact test  
 c. abrasion test  
 d. crushing test  
 e. water absorption test 
 

 

      Figure 5. Coarse aggregate 
       MIX DESIGN FOR M25 GRADE CONCRETE : 

(According to IS: 10262 2009) 
 • Stipulations for proportioning 

1. Grade designation : M 25 
2. Type of cement – 1989: OPC 43 grade conforming 
IS: 8112 
 3. Maximum nominal sine of aggregate: 20 mm 
(Table 5 of IS: 456-2000)  
4. Minimum cement content   : 250Kg/m3  
(Table 5 of IS: 456 -2000) 
 5. Maximum water-cement ratio:0.45 (Table 5 of IS: 
456 —2000)  
6. Workability: 100 mm (slump)   
7. Exposure condition: Mild (for reinforced concrete)   
8. Method of concrete placing: Conventional. 
9. Degree of supervision: Good 
10. Type of aggregate: Crushed angular aggregate  
11. Maximum cement content: 450 Kg/m3 
 

Test data for materials  

 i Cement used : : OPC 43 grade conforming  
IS: 8112 -1989  
 ii. Specific gravity of cement : 3.04  
 iii Chemical admixture :Super-plasticizer 
(conplast SP430 DIS)  
 iv. Specific gravity  

a. coarse aggregate : 2.77 
b. Fine aggregate : 2.69  

                v. Water absorption 
                    a. Coarse aggregate: 0.88%  
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                    b. Fine aggregate: 1.00%  
               vi. Free (surface) moisture  
                      a. coarse aggregate  : Nil 
                      b. Fine aggregate Sieve analysis: Nil 
 

 
 

      Figure 6. Cubes casted at laboratory 
CONCLUSION 

 
 The possible outcomes is based on the test results 

obtained. 
 Depending upon the compressive strength achieved for 7 

days,14 days ,21 days & 28 days of the concrete cube 
mould with addition of crushed aggregate. 

 For what percentage of recycled aggregates is added and 
amount of granite powder the compressive strength is 
achieved. 

 It is observed that compressive strength of concrete 
reduces with the recycled aggregate percentage 
increases.  

 Percentage of granite powder increases compressive 
strength also increases. 

 For the percentage of granite powder increases, the 
workability of concrete decreases. 
 

 It is observed that concrete produce by replacing natural 
sand by demolition waste exhibit higher shear strength 
has compared to concrete produce by natural sand. This 
is true for all percentage replacement level. This is due to 
fact that recycled aggregate observes more water results 
in the low workability. 
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Abstract  

Translucent concrete allows light to pass through it because 

of the presence of optical fibre within the opaque concrete 

wall. Light is transmitted from one surface of the said wall 

to the other, because of the presence of optical fibre strands 

along the width of the wall, which allows light to pass 

through. The work presented in this project reports an 

investigation on the behaviour of concrete and mortar with 

optical fibre. Concrete and mortar cube are casted with 

fibres to study the properties and to compare the 

compressive strength between normal mix concrete with 

optical fibre and normal mortar with optical fibre. 

 

I. INTRODUCTION 

Translucent lightweight Concrete is a new material with 
various applications in the construction field, architecture, 
decoration and even furniture. As can be imagined, concrete 
with the characteristic of being translucent will permit a better 
interaction between the construction and its environment, 
thereby creating ambiences that are better and more naturally 
lit, at the same time as significantly reducing the energy 
consumption. India consumes 20% of total electrical energy for 
lighting the buildings. At present, green structures are greatly 
focusing on saving energy with indoor thermal systems. 
However, in area of illumination field, there is little research 
offering relevant solution. Research on intrinsic characteristic 
material which transmit the light from one surface to another 
surface is used as construction material which transmit the light 
from one surface to another surface is used as construction 
material, known as optical fibres. Due to its outstanding light 
guiding and sensing advantages, such as anti-electromagnetic 
Interference capability, small dimensions, distributed 
measurement   and anticorrosion characteristics, optical fibres 
have been widely  adopted in the communication and sensing 
fields. 

II. METHODOLOGY 

 

 

Material Specification 

The basic material used for manufacture of transparent 
concrete are cement, aggregate and optical fibre  

Material Specifications 

1.Cement 53 Grade 
2.Fine aggregate Passing through 2.36mm sieve 
3.Optical fibre 2% - 4% 

In the process of making light transmitting 
concrete, the first step involved is preparation of 
mould. The mould required for the prototype can be 
made with different materials which can be of either 
tin or wood. In the mould preparation, it is important 
to fix the basic dimensions of mould. The standard 
minimum size of the cube according to IS 45 2000 is 
l5cm x l5cmx l5cm for concrete. In the mould,  
markings are made exactly according to the size of the 
cube so that the perforated plates can be used. Plates 
made of sheets which are used in electrical switch 
boards is used which will be helpful in making 
perforations and give a smooth texture to the mould, 
holes are drilled in to the plates .The diameter of the 
holes and number of holes mainly depends on 

percentage of fibre used. 

 

Figure 1 Optical fibres 
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The manufacturing process of transparent concrete is almost 
same as regular concrete. Only optical fibres are spread 
throughout the aggregate and cement mix. Small layers of the 
concrete are poured on top of each other and infused with the 
fibres and are then connected. Thousands of strands of optical 
fibres are cast into concrete to transmit light, either natural or 
artificial. Light transmitting concrete is produced by adding 2% 
to 4% optical fibres by volume into the concrete mixture. The 
concrete mixture is made from fine materials only it does not 
contain coarse aggregate. Thickness of the optical fibres can be 
varied between 2 μm and 2 mm to suit the particular 
requirements of light transmission. Automatic production 
processes use woven fibres fabric instead of single filaments. 
Fabric and concrete are alternately inserted into moulds at 
intervals of approximately 2mm to 5mm.Smaller or thinner 
layers allow an increased amount of light to pass through the 
concrete. Following casting, the material is cut into panels or 
blocks of the specified thickness and the surface is then 
typically polished, resulting in finishes ranging from semi-gloss 
to high-gloss 

III.TEST CONDUCTED 

A.Compressiontest 
By definition, the compressive strength of a 
material is that value of uniaxial compressive stress 
reached when the material fails completely. The 
compressive strength is usually obtained experimentally by 
means of a compressive test. The compressive strength of the 
concrete is determined by cast the cubes of size 150mm 
x150mm x150mm.   

Compressive strength = load/area 

IV. RESULT 

Table 1 

 

Table 2 

 

APPLICATIONS 

 Transparent concrete blocks suitable for floors, pavements and 
load-bearing walls. 
 Facades, interior wall cladding and dividing walls based on thin 
panels. 
 Partitions wall and it can be used where the sunlight does not reach 
properly. 
 In furniture for the decorative and aesthetic purpose. 
 Light fixtures. 
 Light sidewalks at night. 
 Increasing visibility in dark subway stations. 
 Lighting indoor fire escapes in the event of a power failure. 
 Illuminating speed bumps on roadways at night. 

Advantages and Disadvantages 
The main advantage of these products is that on large scale 
objects the texture is still visible - while the 
texture of finer translucent concrete becomes indistinct at 
distance. 
 When a solid wall is imbued with the ability to transmit 
light, it means that a home can use fewer lights in 
their house during daylight hours. 
 It has very good architectural properties for giving good 
aesthetical view to the building. 
 Where light is not able to come properly at that place 
transparent concrete can be used. 
 Energy saving can be done by utilization of transparent 
concrete in building. 
 Totally environment friendly because of its light 
transmitting characteristics, so energy consumption can be 
reduced. 
 The main disadvantage is these concrete is very costly 
because of the optical fibres. 
 Casting of transparent concrete block is difficult for the 
labour so special skilled person is required. 

 

V. CONCLUSION 

Translucent concrete blocks can be used in 
many ways and implemented into many forms and be 
highly advantageous. Yet, the only drawback would 
be its high cost. That doesn’t stop high class architects 
from using it. It’s a great sign of attraction and artistic 
evolution. Any structure with a small hint of translucent 
concrete is bound to make heads turn and make them stand in 
awe. The compressive strength of Light transmitting concrete 
is equal to the strength of the ordinary concrete and it has the 

Ratio Compressive strength 

 

1:2 

7 
days 

Normal concrete Translucent concrete 

 

15.08 N/mm2 

 

14.05  N/mm2 

Ratio Compressive strength 

 

1:2 

28 
days 

Normal concrete Translucent concrete 

 

24.15 N/mm2 

 

24.03  N/mm2 
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property to transmit light. If the percentage of the optical fibres 
increased than the strength of the concrete starts decreasing so 
we can conclude that the strength of translucent concrete is 
inversely proportional to light transmittance. Only fine 
aggregates are used because if we use coarse aggregates then it 
may destroy the optical fibres and changes their properties. 
Transparent concrete achieves maximum effect when used in 
an environment with a high degree of light 
contrast, such as this illuminated table in a dimly lit room. 
The strength results of decorative concrete are correlated with 
results of ordinary plain cement concrete. The results evidently 

show that the decorative concrete also performance based on 
the strength aspect is also considerably high. Hence the 
application of optical fibre will make the concrete decorative as 
well as can make the concrete structural efficient 
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Abstract - Inadequate and improper management of 
municipal solid waste disposal sites poses serious 
environmental threats to their surrounding and nearby 
residents due to groundwater contamination, pollution issues, 
and health risks. The current investigation was carried out to 
assess groundwater contamination caused by waste dumping 
at a landfill site in the Tumkur district's Ajjagondanahalli 
region, by water quality index. The ground water samples 
were tested for physicochemical parameters such as Calcium, 
Magnesium, Chloride, Sulphate, Total Hardness, Fluoride, 
Nitrate, Total Dissolved Solids, Alkalinity, pH, Biological 
oxygen demand, dissolved oxygen, iron, zinc, color and odour. 
The samples were collected from 16 different locations 
surrounding the  the dump site. Water quality index (WQI) is a 
valuable and unique rating that depicts the overall water 
quality status in a single term, which aids in the selection of 
appropriate treatment techniques to address the issues at 
hand. The findings revealed that many water samples were 
contaminated. As a result, this landfill poses a risk to the 
environment as well as to the local community and the 

government. 
 
Key Words:  water quality index,landfill,geospatial 
technique,groundwater quality,physicochemical 
 

1.INTRODUCTION 
 
Water state under earth’s surface is referred to as 
groundwater quality. Groundwater can collect between soil 
particles and in fissures in subterranean rocks. There is a 
risk of contamination with harmful substances because 
certain compounds can dissolve in water and others can be 
suspended in water. Petroleum, hydrocarbons, insecticides, 
minerals, and disease-causing microbes are only a few 
examples.(jameel et.al) 

Because toxins must transit through the earth to reach the 
water, groundwater is less susceptible to contamination than 
surface waterways such as streams, rivers, and lakes. 
Contamination can still happen, especially if there are 
fissures in the surrounding soil and rock that allow 
poisonous substances to flow more easily. (przydatek et.al) 

Groundwater in India is getting poisoned as a result of 
different human activities. Improper management of solid 
waste is the most valuable drivers of contamination, with 
groundwater quality around landfills worsening (ayeni et.al). 

2. STUDY AREA 
Ajjagonadanahalli, a 40-acre municipal solid waste disposal 
site in Tumkur district. It's located between the north 
latitude of 12048′39.63′′ and the east longitude of 
76000′24.22′′. 76000′24.22′′ Tumkur is a Karnataka 
administrative district. It is 70 kilometres to the north west 
of Bangalore and is located on National Highway No. 4. 
Figure 3.1 depicts the situation.  
The MSW management activities in all 35 wards of Tumkur 
City Municipal Council (TCMC) have been outsourced. Street 
cleaning, debris collections, primary transportation, bulk 
garbage collection, and supplementary transportation are 
among the activities that have been outsourced. The primary 
collecting of MSW is done by SHGs. Dumping MSW into RCC 
bins / masonry bins and on the roadside (open collection 
sites) is a frequent practice in Tumkur. TCMC uses open 
dumping as a method of disposing of MSW.  
Under the Karnataka Municipalities Act, 1964, the Town 
Municipal Councils are required to handle MSW. The MSW 
Rules also make it essential for an urban local government to 
process and dispose of MSW in a scientific manner.  

 

 
Fig -1: tumkur city map 
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Fig 2: Location of sampling points 

 

3. MATERIALS AND METHODOLOGY 
 
SAMPLING   
 
Samples were collected from borewells in one litre plastic 
bottles as per standard procedure (is 3025 part 1).samples 
collected 
 
3.2 Water quality index 
 
The common index of water quality technique is created by 
choosing characteristics with considerable care, establishing 
a standard tables, and allocating weights. The National 
Sanitation Foundation (NSF) took the efort, in way to 
compute the index quality of water of several highly 
contaminated bodies of water. Temperature, pH, turbidity, 
faecal coliform, dissolved oxygen, biochemical oxygen 
demand, total phosphates, nitrates, and total soids are 
among the nine water quality indicators in technique for 
distincting the aquatic quality of different aquatic locations. 
The information on aquatic quality is taken down and 
exported to a curve of weighing table, from which a worth 
for Qi is calculated.The mathematical formula is given by, 
 

 

 
Qi = quality parameter of water of sub-index Qi or ith;  
Wi= quality parameter of water associated with weight;  
n = quality parameters numbers 
 
The quality rating scale (Qi) for each parameter is calculated 

by using this expression:  

 

Vi is estimated concentration of ith parameter in the 
analysed water  
Vo is the ideal value of this parameter in pure water  
Vo = 0 (except pH =7.0 and DO = 14.6 mg/l) 
Si  is recommended standard value of ith parameter The unit 
weight (Wi) for each water quality parameter is calculated 
by using the following formula:  

 
Where,  
K= proportionality constant and can also be calculated by 
using the following equation: 

 
 

4. Results and discussions 
the physical and chemical parameters of 16 bore wells that 
encompass the study region have been determined using 
standard methods in order to expose the water quality. In 
table 4.0, they have been listed in a systematic manner. The 
physical characteristics of the ground water under the study 
region are determined by the metrics pH, total dissolved 
solids, turbidity, and electrical conductivity. The parameters 
total hardness, total hardness, iron, fluoride, nitrate, calcium, 
chloride, sulphate, and alkalinity are used to determine the 
chemical properties of the ground water in the research 
region. 
 
 
Ground water quality 
pH 
The pH of the sub surfacewater is neutral or close to it, 
ranging from 6.9 to 7.8, which is within the allowed limits of 
6.5-8.5 set by Indian Standards and also meets the WHO 
guideline of 7.0-8.0. One of the important goals of pH 
management is to create aqua that is resistant to both 
corrosion and incrustations. Comosite interaactivitybetween 
pH and other several factors , such as dissolved particles, 
disolved gases, hardnes, alkaliniity, and temperature, occur 
in these method, which can create significant harm to aqua 
delivery process. Figure 4.1 depicts the pH changes over the 
research period. 
 
Turbidity 
The research area's groundwater levels turbidity ranges 
from 0.4 to 1.8 NTU. As depicted in Figure 4.3. Turbidity is a 
metric for how cloudy water is. It is used to indicate the 
quality of the water as well as the performance of the 
filtration system. Increased levels of turbid are linked to 
higher numbers of illness microorganisms such viruses, 
parasites, and bacteria. 
 
TDS 
The level of sub surface aqua of total dissolved solids 284-
807 mg/L, it is higher than 500 mg/L an 1000 mg/L. Tds a 
term that refers to the inorganic compounds that are the 
quality of potable water are determined by the quantities of 
its constituents. Mineralized water is characterised by 
excessive hardness, taste, mineral depositions, and 
corrosion. Figure 4.4 shows the total dissolved solids 
changes across the study period. 
 
 
Conductivity 
The conductivity of groundwater in study ranges from 614 -
933 s/cm.it can be used as indicator of other quality of water 
issues because it so easily measured. It as high contents of 
mineral has a higher conductivity, it is a sign that the water 
has a high dissolved solid concentration. As a result, 
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conductivity measurements can be used to discover 
potential water quality issues quickly. Figure 4.2 depicts the 
changes in electrical conductivity across the research period. 
 
Total hardness 
As CaCO3, total hardness ranges from 340 to 458 mg/l. 
hardness ratings for research region was found to be difficult 
in all areas, and they were found to be on the higher end of 
the WHO guideline and Indian requirements. Figure 4.6 
depicts the changes in total alkalinity and total hardness 
across the course of the study. 
Total alkaliniyy 
The samples alkalinity varies from 338 to 447 mg/l. All the 
samples collected have significant alkalinity values, 
preventing acidification of a groundwater samples. Figure 
4.7 depicts the changes in total alkalinity and total hardness 
over time. 
 
calcium 
Calcium in water is a result of its passage through limestone, 
dolomite, gypsum, and calcium rocks. It is an important 
nutrient for the aquatic ecosystem. its carbonate in small 
amounts forms a protective layer on steel pipes, preventing 
corrosion. However, as the temperature rises, a higher 
concentration of calcium precipitates, forming damaging 
scales in boilers, pipelines, and kitchenware. Calcium has an 
allowance of 200 mg/l .Calcium concentrations ranges from 
42 -198 mg/l in this investigation. Calcium variation in the 
studied area is shown in figure 4.8. 
 
Chlorides 
 
Chloride levels in groundwater sources tests range from 295 
to 62 mg/l, greater the limit of 250 mg/l by Indian and WHO 
guidelines. Chloride is a widely dispersed element that can 
be found in various forms in all sorts of rocks. It has a strong 
affinity for salt. As a result, it has a high concentration in sub 
surface water where the temperature is more and rain is 
low. The porous and perm of the soil may play a role in the 
accumulation of chlorides. Figure 4.9 depicts the fluctuation 
in chlorides across the period of the study. 
 
Sulphates 
The content of sulphate in obtained groundwater samples 
varied between 30-48 mg/l, well within the allowed 200 
mg/l under norms and 250 mg/l. Concerns about sulphate in 
drinkable water are being raised in light of reports linking 
diarrhoea to the consumption of water having high amounts 
of sulphate. Figure 4.10 represents the variation in Sulphate 
across the observation period. 
 
Nitrates 
 
Nitrate levels in the study region varies from 4.0 to 13.0 
mg/l, within which the allowed value of 45 mg/l under 
norms and 50 mg/l under guidelines. The capacity of these 
to infiltrate groundwater is determined by the soil and rock 
present, as well as the depth and structure. Figure 4.11 
depicts the variance in Nitrate over the course of the study. 
 
Fluorides 
 
Fluoride values in underground tests ranging from 0.4-0.92 
mg/l, which would be significantly less than the permitted 

value of 1 mg/l set by Indian regulations. The time period of 
low temperature with soil conditions, rainfall, and the 
chemical reaction. Figure 4.12 depicts the Fluoride 
fluctuation over the observation period. 
 
Total iron 
 
Groundwater in the research area have iron concentrations 
ranging 0.3-0.84 mg/l, with desirable level of 0.3 mg/l and 
permitted to 1.0 mg/l for iron in potable water (BIS, 1991). 
As a result, is well within the permitted range. Figure 4.13 
depicts the iron fluctuation across the course of the study. 
 
D O 
The levels of dissolved oxygen ranges from 4.1-5.7 mg/l. 
Figure 4.14 shows how dissolved oxygen concentrations 
varied minimally between locations in the current 
investigation. The greatest concentration of dissolved 
oxygen was 5.7 mg/L, while the lowest was 4.1 mg/l. most 
essential in determining quality of water is dissolved oxygen, 
which represents the biological and physical activities taking 
place in the water. For aquatic life and the chemical features 
of the environment, dissolved oxygen is critical. 
 
B O D 
 
BOD levels varies from 2.6 to 3.5 ppm. BOD is an amount of 
consumption oxygen utilized by pathogenic organisms 
during the degradation of biological matter in aerobic 
circumstances at a specific temperature the samples 
analyzed for heavy metals like zinc and chromium in which 
they are characterized as an undesirable in the subsurface 
water as there concentrations availed to be below the 
standard range. This shows that these can be absorbed by 
the soil or organic matter. 
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CONCLUSIONS 
 
According to the results of the current study of physico-
chemical examination of subsurface water in the vicinity of 
municipal solid waste dumping sites, seven of a sixteen 
locations have good water quality and the others have poor 
water quality.Some of the metrics exceed the limitations set 
by the Indian Standard for Drinking Water (BIS- 
10500:1991) and the World Health Organization. The 
greater TDS concentration indicates that landfill leachate has 
gotten into the subsurface water and polluted it. As a result, 
we may conclude that landfill has a negligible effect on the 
quality of groundwater water at the moment. 
 Even though the water performance is improved, it must be 
protected in the future against pollution caused by municipal 
solid waste dumping sites. To reduce ground water 
pollution, more focus will be placed on improving waste 
management techniques and constructing appropriately 
managed landfill site. 
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Abstract: ETABS stands for Extended Three-Dimensional 
Analysis of Building Systems. The most purpose of this 
software is to design a multistoried structure in a veritably 
methodical process. The effective design and construction 
of structures have great significance far and wide in the 
world. This design presents a multistoried residential 
building anatomized and designed using ETABS. This 
design is meant as per INDIAN CODES- IS 1893-
part2:2002, IS 456:2000.  
 
Keywords: ETABS Software Tool, Multi-Storied Residential 
Building 
 
INTRODUCTION 
ETABS is that the present-day leading design software within 
the request. Numerous design companies use this software for 
their project design purpose. So, this paper substantially deals 
with the relative analysis of the results attained from the 
analysis of a multi-storied building structure when anatomized 
manually and using ETABS software. Structural response to 
earthquake depends on the dynamic characteristics of the 
structures and intensity, duration, and frequency content of 
being ground stir. Structural analysis means a determination of 
the overall shape and all the specific confines of a particular 
structure so that it performs the function for which it is created 
and will safely repel the influences which will act on it 
throughout its useful life. 
This design presents the analysis and design of multi-storied 
residential structures using ETABS software. This design is 
designed as per INDIAN CODES- IS 1893-part2:2002, IS 
456:2000. The structure is proposed to have an Ordinary RC 
moment-defying frame and the Response Reduction Factor(R) 
is 3.0 Design illustration of a six-storey structure: In this paper, 
from the plinth to the certain height of the building the column 
size may differ that is it would be more when compared to the 
upper columns because to reduce the failure in the structure. 
The diaphragm is rigid. The main beams rest on the columns to 
avoid local eccentricity. As the load is more at the bottom when 
compared to the top floors, there is no need of furnishing large 
sizes at the top. Scrimping the column by means of column 

exposure in a longer span longer direction will reduce the 
quantum of bending, as a result, there are of the steel is reduced. 
 
DESCRIPTION OF THE STUDY MODEL  
 Project Details  
1. Purpose of the building: Residential 
2. The shape of the building: Regular (rectangular)  
3. No. of stories: (G+5)  
4. Type of wall: Solid concrete block wall 
5. Height of stories: 3m. (Similar stories) 
6. Depth of foundation: 1.5m. 
7. Area of plot: 24.5m (80’5”) x 12.3m (40’6”) = 301.35m² 
(7215.5ft²)  
 
Material Properties: 
Grade of concrete: M25 
Grade of steel: Fe 500 
 
Column and beam dimensions: 
Beam size:  
i. 150mm x 450mm  
ii. 200mm x 450mm 
iii. 200mm x 600mm 
iv. 450mm x 150mm (Concealed beam 1) 
v. 600mm x 150mm (Concealed beam 2) 
Column size:  
i. 150mm x 600mm  
ii. 200mm x 600mm 
iii. 200mm x 750mm 
 
 Description of Loads  
• All moving loads come under live loads. 
Live load (on floors): 2kN/m², (IS 875:1987 – Part -2)  
Live load (on the roof): 1.5kN/m², (IS 875:1987 – Part -2)  
• Floor finishes are the superimposed dead loads.   
 Floor Finishes: 1.5kN/m 
• Wall loads are loads of bricks used in construction.  
For an 8” wall (External wall): 10.59kN/m²  
For a 6” wall (Inner wall): 7.94kN/m² 
Parapet wall: 3.97kN/m² 
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AutoCAD plan: 

     
Ground Floor Plan 

The dimensions of the building are 23.0m x 12.0m. 
Consists of 12 Car parking space. 

 
 

 
Typical Floor Plan (5 Floors) 

All the floor consists of 3 Flats of 2BHK. 

 
Centerline Column layout 

 

 
Beam Layout 

 
Modelling in Etabs: 
Modelling is done by importing the drafted AutoCAD plan into 
Etabs. 

 
3D Model  

 
 

ICGCP-2022 Sapthagiri College of Engineering

ISBN: 979-88-35073-61-0 45



 
Assigning of loads: 
 

 
 
Load Combinations: 

1. DL 1.5 + LL1.5  
2. LL 1.5 
3. DL 1.6 + LL 1.2 
4. LL 1.4 
5. DL 1 + LL 1 
6. LL 1.2 
7. LL 1.4  

 
 

 
Deflection Diagram 

 
 
 
 

 
Shear Force Diagram 

 

 
 
 

 
Bending Moment Diagram 

 
 
 
 

 
Axial Force Diagram 

 
 
 
 
Reinforcement Details: 
 
Column Reinforcement Details: 

 
C/S of Columns 
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Beam Reinforcement Details: 

 
C/S of Beam 

 
 
Slab Reinforcement Details: 
 

 
Slab Reinforcement Plan 

 
 
 

 
Staircase Reinforcement Details:  
 

 
 

C/S of Staircase 
 
 

Isolated footing Reinforcement Details: 
 

 
 C/S of Isolated Footing 

 
 
Combined footing Details:  
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CONCLUSION 

1. The structure is designed according to IS Codes based 
on Etabs. 

2. AutoCAD is used for drafting the plan.   
3. The designed structure provides acceptable strength, 

serviceability, and durability besides economy. 
4. All the reinforcement details of Beams, Columns and 

Slab has been verified.  
5. The displacement, shear force, bending moment 

variations has been shown. 
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Abstract — The world's population continues to grow, especially 
in cities and metropolitan areas. The increase in population and 
the proliferation of urban centers leads to an increase in vehicle 
ownership and an increase in the need for mobility for a variety 
of purposes. We cannot leave the car on the road or in unsafe 
places. Proper parking of the vehicle if not used "parking" is 
required. There were more than 80 lakh registered vehicles in the 
southern city of Bengaluru at the end of the 2019 financial year. 
Due to the increase in the number of vehicles especially cars in 
Bangalore city, it needs more parking so it can be controlled by 
building a multi-level car park near the designated areas. 
 
High-quality parking comes with many advantages as it has 
many advantages such as efficient use of spaces, so that drivers 
are comfortable as the pressure to struggle for the parking space 
is removed and added security. 
 
The project introduces an analysis and design of a multi-level car 
park (G + 3) to reduce road challenges in public places. The total 
area of the building is 40mX60m (2400 m2). The program was 
originally developed using AutoCAD and 3D modeling was done 
using REVIT Software. The design approach involves analyzing 
the entire structure in ETABS. The ramp, stairs, and isolated 
footing are designed manually. The design approach involved in 
ETABS is limit state design confirming to IS codes of practice. 
 

Keywords - Multi-level car parking, Analysis, Design, ETABS, 
REVIT and Ramp. 

I. INTRODUCTION  
Nowadays every day the number of vehicles on the road 
increases. It is very difficult to park a car on the road or when 
a vehicle is moving. But, when the car stops, we can't leave 
the car on the road either an unsafe place. For proper 
maintenance of the car if not used 'parking space' is required. 
For everyone storage space is important both where you are 
going and where you are staying. When the one has to stop on 
the road for some reason other than traffic, the car needs to 
stop in that location, without interfering with traffic flow. 
Such place is called parking lot. It is also noteworthy that a 
private car travels about 2 to 3 hours a day, while the 
remaining time is 'parked' at the residence or destination and 
sometimes on the road.  With the growth of ownership and use 
of private cars, parking has become a staple in recent years, 
especially in urban areas Thus, with the increase in 
population, the demand for cars increases and we need more 

parking so the controlling space by building a multi-level car 
parking.  

 

II. OBJECTIEVES 
1. To reduce the parking space by providing a multi-

level car parking structure. 
2. To provide a safe and secure environment for parked 

vehicles. 
3. To reduce the traffic congestion. 
4. Proposing a multi-level car parking in Bangalore 

region. 

 

III. LITERATURE  REVIEW 
1. Design and Analysis of Multistory Parking  

B Vamsi, Dr. Dumpa Venkateswarlu, Dr. D V Rama Murthy 
[Ijrsae]. 
This project aims to design an effective parking system and it 
helps to reduce parking in the city. To control parking 
problems they suggested a parking lot for many issues in this 
area. This multi-story parking lot provides power parking, and 
thus reduction environmental degradation. Here, they have 
provided parking of 277 cars according to design. To 
determine the Requirements for such a parking system, they 
were designed for G + 3 floor structure. 
 

2. A Study of Analysis and Design of Multilevel parking  

Upendra singh dandotia , Rakesh Gupta, Mukesh Pandey 
[Ijedr] 
In this research paper they have built a parking space for a 
capacity of 600 cars and 550 bicycles. Multilevel parking 
consisting of G + 2 + 2 Basement with 13 story’s on the 
ground floor and its structure is based on a framed building. In 
this work they designed various multi-level parking 
components namely raft foundation, retaining walls, beams, 
column and flat slab using STAAD-Pro, portable foundations 
and AUTO-CAD software for creating various architectural 
drawings. 
 

3. Analysis and Design of Multi-level car parking 
structure using seismic zone III  
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Babitha Rani.H, Voleti Vyshnavi [Ijirt] 
In this study paper, the construction of Multi-Level Car 
Parking involving G + 4 floors is modeled, modified and 
designed in such a way that each floor can accommodate 46 
cars. The multi-level car parking system is developed using 
AutoCAD and the structure is analyzed to determine the 
seismic behavior of the building under zone III and is 
designed using STAAD PRO software. The design was based 
on the standard Indian code IS 456: 2000. 
 

4. Analysis of Multi-storied parking building using 
STAAD PRO software 

Patil.S.S , Devtale.M.K, Jadhav Bhushan D, Navadkar Sunil 
R, Jadhav Santosh L, Patil Amrutrao E, Kalam Akshay A  and 
Pawar Govind M [Ijmter] 
In this paper an analysis of the multi-story G + 1 building used 
for the parking system. They discussed the problems faced 
during parking, and then offered a solution to the Parking 
Problem. In the study of seismic load analysis and rear load 
analysis according to the IS seismic code 1893 (Part1): 2002 
performed. In buildings, the asymmetric in the structure of the 
G + 1 building compares the conditions in which building 
column numbers and the effort are made to study the impact 
of earthquake loads on them and determine the duration of 
exercise, base shear and time using response spectrum 
method. 

IV. METHEDOLOGY 
 

The process was as follows: 
1. First the plan is prepared using AutoCAD. 
2. External 3D modelling is performed using REVIT 

software by importing the model from ETABS. 
3. Analysis and design is done using computer software 

ETABS 2018 except footing. The building was 
modelled and analysed. 

4. After analysis the detailing was done using AutoCAD. 

 

 

 

 

 

 

 

 

 

 

 

 

V. PLANNING IN AUTOCAD 

 
 

Fig1. Ground floor plan 
 

 

 
 

Fig2. Plan of 1st, 2nd and 3rd floor 
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VI. EXTERIOR MODELING IN REVIT 
 
 

 
 

Fig3. 3D Modeling in Revit 

 
 
Bay Size: 
The car bay dimension is rated 5.5m x 2.8m. 

  
Head room: 
The recommended minimum length is clear either  headroom, 
normal height measurement for vehicles is 2.10m. Additional 
permissions are usually required on gradient changes as 
ramps. The floor height is considered as 3.5m which is 
satisfactory minimum height recommended for headroom 
which includes ventilation, lighting, obstacle controls and 
other possibilities ratings. 

  
Parking angle: 
Placing bays at associate degree at angle less than 90° is very 
convenient for drivers but exact 900 may be a convenience for 
drivers since it facilitates entry and exit. This successively 
improves the ‘dynamic and turnover capacity’ of the aisle. 
Here parking angle is of 90o 
 
Car parking gridlines: 
This building contains 4 spans of 10-meter in X-direction and 
11 spans of 6-meters in Y-direction. For the ramps we have 
provided a projection of 3.75m from the beginning and end of 
the width in the x-direction. The total height of the building is 
14m. The building plan measures 40m x 60m as shown in fig 
(4). 
 

 
Fig4. Grid lines of parking building 

 

VII. ANALYSIS IN ETABS 
 
Design information: 
 The building was built in line with the Indians Standard 1893 
(Part I): 2002 (Indian Decision Code Earthquake Resistance). 
And IS: 875 Part III (Wind load consideration). Story height is 
considered to be 3.5m. The buildings are to be fixed at the 
base. The floor of all the buildings acts as the diaphragms are 
sturdy and they are analyzed and designed by using ETABS 
v18.0.2 software of the city of Bengaluru (i.e. Zone II). 
      
The material grades taken are M30 for concrete and Fe 415 for 
steel. Live load is taken as 5 KN/m2 and floor finish as 1 
KN/m2. Thickness of slab is calculated as per clause 23.2.1 of 
IS 456: 2000 and also sizes of beams and columns are decided 
by using criteria as per IS 13920: 1993 (Ductile Detailing of 
Reinforced concrete structures) Sizes of the column is taken as 
(750X750) mm. For the ramp column size is taken as 
(300X750) mm. 
 
According to IS 1893(Part1): 2016 and IS 875 (part III): 2015 
Load combinations used are: 
 
1. 0.9DL-1.5EQX 
2. 0.9DL-1.5EQY  
3. 0.9DL-1.5WLX 
4. 0.9DL-1.5WLY 
5. 0.9DL+1.5EQX 
6. 0.9DL+1.5EQY 
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7. 0.9D+1.5WLX 
8. 0.9DL+1.5WLY 
9. 1.2(DL+LL+EQX) 
10. 1.2(DL+LL+EQY) 
11. 1.2(DL-LL-WLX) 
12. 1.2(DL+LL+WLY) 
13. 1.2(DL+LL-EQX) 
14. 1.2(DL-LL-EQY) 
15. 1.2(DL-LL-WLX) 
16. 1.2(DL+LL-EQY) 
17. 1.5(DL+EQX) 
18. 1.5(DL+EQY) 
19. 1.5(DL+LL) 
20. 1.5(DL+WLX) 
21. 1.5(DL+WLY) 
22. 1.5(D-EOX) 
23. 1.5(DL-EQY) 
24. 1.5(DL-WLX) 
25. 1.5(DL-WLY) 
26. 1.5DL 

 
As per IS 1893 (Part I): 20016 
 
Natural Time Period: Ta = (0.09*h) / √d  
In X-direction, Tax = (0.09 * 14) / √40 = 0.213 sec.  
In Y-direction, Tay = (0.09 * 14) / √60 = 0.174 sec.  
Importance Factor: I = 1.0  
Response Reduction Factor:  R= 5.0  
Soil Type = medium  
Zone Factor:  Z = 0.1 (Zone II). 
 
 
As per IS 875 (part III): 2015 
Basic wind speed, Vb = 33 m/s 
Risk coefficient, k1 = 1 
Terrain roughness and height factor, k2= 0.8 
Topography factor, k3 = 1 
Importance factor for the cyclonic region, k4 = 1 
Design wind speed (Vz) = Vb*k1*k2*k3*k4 = 33*0.8*1*1 = 
26.4m/s. 
 
 
 
 
 
 
 
 
 
 
 
 

Analysis results: 
 

 
Fig5. Displacement due to combinations of load 

 
Fig6. Shear force diagram 

 
Fig7. Bending moment diagram 

 
Fig8. Axial force diagram 

 
 

Fig9. Resultant bending moment of the Ramp 
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VIII. DESIGN OF SLAB 
 

Slab dimension: 10m x 6m 
Concrete grade: M30 
Steel used: Fe 415 

 
Fig10. Reinforcement details of Two-way Slab 

IX. DESIGN OF BEAM 
Beam dimension: 450mm x 700mm 
Concrete grade: M30 
Steel used: Fe 415 
 

1. For 10m span 

 
Fig11. Reinforcement details of beam for 10m span 

 

 

 

 

2. For 6m span 

 
Fig12. Reinforcement details of beam for 6m span 

X. DESIGN OF RAMP 
 
Ramp slab dimension: 3.75m x 6m 
Slope: 1: 10.3 
M30 concrete & Fe 415 steel used   
 

 
Fig13. Reinforcement details of Ramp 

 

XI. DESIGN OF INCLINED BEAM FOR RAMP 
 
Beam dimension: 300mm x 500mm 
Concrete grade: M30 
Steel used: Fe 415 
 

 
 

Fig14. Reinforcement details of Inclined Beam 
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XII. DESIGN OF COLUMN AND FOOTING 
 

1. Column: 750mm x 750mm 
Footing: 3m x 3m 
M30 concrete & Fe 415 steel used   

 
Fig15. Reinforcement details of footing 

 

 

 

2. Column: 350mm x 750mm 
Footing: 1.75m x 2.8m 
M30 concrete & Fe 415 steel used  

  
Fig16. Reinforcement details of footing 

 

XIII. DESIGN STAIRCASE 
M30 concrete & Fe 415 steel used   

 
Fig17. Reinforcement details of Doglegged Staircase 

XIV. CONCLUSION 
From our present parking studies the traffic congestion 
problem can be regulated by providing multi-level car parking  
 
at BENGALURU. We hope this project will serve as a 
solution to various traffic congestion problems and can be 
used as a model in the development of multi-level car 
parking’s. We have designed the multilevel parking building 
consisting of G+3 which will survive the purpose of traffic 
congestion. In ground floor having a car parking capacity of 
63 and the 1st, 2nd and 3rd floor having a capacity of more 
than 75 cars each. This system can help in economy and  

 
security based aspects for the society. It is a currently, 
management information system play an important part in the 
life, however many of the rules are poor and need to be 
progress. This project has been focus on improving the 
Bangalore parking system to be suitable for the life style. 
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ABSTRACT- urban runoff from traffic area is major source 

of pollution that degrades the quality of adjacent surface 

waters. Green infrastructure provided by the substantial 

amount of road side land at the urban fringe areas can be 

used to better manage and infiltrate this urban runoff. For 

the urban green areas, recycled materials should be 

preferred in order to achieve economically feasible and 

environmentally responsible solutions. 

 
I.INTRODUCTION 

  
Bengaluru capital also known as Silicon Valley of India is 
failing to cope with the inexorable urbanization and population 
growth. Failing to cope with the inexorable urbanization and 
population growth. Unplanned urbanization, land development 
through filling encroachment of water bodies and lack of 
maintenance is changing the ecological balance of the city). 
Inhabitants of Bengaluru are paying the price of rampant 
unplanned urbanization in form of Insufficient coverage and 
delivery of urban facilities like water supply, garbage disposal 
and proper drainage sewar logging in Bengaluru IS one of the 
adverse pieces of evidence of unplanned urbanization which IS 
getting hilarious day by day. This study focuses on the pluvial 
flooding or water logging which is induced by high intensity 
rainfall runoff in the urban area Extensive impervious surface, 
inadequate drainage channels, lack of drainage system 
maintenance and encroachment of wet lands and natural 
drainage system, reduce the runoff concentration period and 
increase the peak flow which cause severe water logging This 
complex issue cannot be solved in blink of Various 
governmental organizations. urban designers and landscape 
architects have much more to contribute to the city rather than 
mere beautification.   
 

II.CAUSES 

Population growth, unplanned development and 

encroachment 

Ever increasing population has led to unplanned urban land 
development and unauthorized land filling that results the  

disappearance of natural drainage pattern. This phenomenon 
interrupts the drainage network and reduces detention basins, 
which have aggravated the water logging problem. 

A natural drainage system consists of canals, ponds, lakes and 
reservoirs. Unplanned development and encroachment of 
natural water bodies make the remaining canals and ponds to 
quickly transform into black and smelly waters- To improve the 
environmental and traffic condition, many of these canals were 
transformed into box culverts and connected to underground 
drainage network. 

Small drainage sections In Inlets and outlets without appropriate 
lining of slopes in storm sewer network reduce the drainage 
capacity and cause the long-term pluvial flooding situation for 
BANGALORE. Due to the limitation of resources and proper 
waste management system. Rainwater washes away the wastes 
and creates gridlock situation in the inlets of surface drains  
 

Disappearance of soak able green areas 
Unplanned development and encroachment are making 
Bangalore a concrete ungle with very little green space and 
soil. As a consequence, rainwater remains on the surface and 
takes a long time to penetrate into the ground.  

 
 

Figure 1. Topograhy  
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Due to the topographic condition, the rainwater cannot 
discharge to the lakes, canals, retention areas and surrounding 
rivers smoothly and remains stagnant in low lying areas. 
Moreover, people have a tendency to develop comparatively 
in higher ground through raising the ground level. This keeps 
the existing road networks in lower level which receive the 
rainwater from the surrounding areas. 

 Impacts of water logging 

Impacts of water logging range from interruption of day-to-day 
life to the extent of severe damage to resources. The associated 
impacts of water logging on urban life are discussed below, 

Disruption of Traffic-flow 

Rapid urbanization causes unbearable traffic congestion In 
BANGALORE even in the dry season, the situation Becomes 
worst when it rains heavily. The victims of this phenomenon 
are not only the pedestrian users but also  
 
 Impairment of structures and infrastructure 

 

Prolonged water logging and water infiltration decreases the 
longevity of the floor and walls, brick foundations! and 
substructures of the buildings in low lying areas: It also causes 
the problem of subsidence, dampness and other damage of 
infrastructure and impairs underground utility services such as 
water, gas, sewerage pipelines etc. Moreover, roads are 
damaged which lead to movement problem even after the water 
has subsided. 

 
Contamination of water bodies and transmission of 

water borne diseases 

 

Strom water is often contaminated by mixing with the wastes 
from hospitals, Industries and overflowing latrines as well as 
garbage in the streets and drams. This polluted storm water 
runoff contaminates ground water and the receiving water 
bodies like the canals, rivers and detention areas. This 
stagnant polluted water results in Inconvenience, odour, 
breeding sites for disease vectors, water borne diseases, skin 
diseases and sometimes disruption of blood transmission and 
therefore triggers health hazards and misery). 

Damage to Flora and Fauna 

Prolonged stagnant water and continuous release of wastewater 
causes harm to the habitat of flora and faunas Contaminated 
storm water imbalances the ecology of the habitat by polluting 

the soil and water bodies This causes depletion in the quantities 
of trees, aquatic plants and animals. 

 

Rise of construction and maintenance cost 

 
Water logging not only exerts the physical, social and 
environmental problem, but also become a massive economic 
burden. Damage of infrastructure such as road, service utilities 
not only hamper the regular life of citizen, but also demand an 
enormous or the replacement and maintenance of the damaged 
amenities: Owner of the households faces huge financial losses 
due to the damage of substructure. brick foundations, local 
house. During the water logging 
 

Decrement of income potential 

 
The deleterious effects of water logging include direct financial 
costs, loss of Income potential in various ways During the water 
logging disaster commercial activities nearly come to a 
standstill in BANGALORE. Shopping malls, restaurants even 
the banks have least customers and witness unusually low 
transaction. Poor people are the worst sufferers as Inundated 
roads directly disrupt livelihood of the poor people. The income 
of rickshaw puller, street vendors and daily labour greatly 
depends on the weather condition since people avoid moving in 
knee-deep water level without emergency. 
 
III INCLUSION OF LANDSCAPE DESIGN AS A 
PROBLEM-SOLVING TOOL 

Micro Scale Solution: 

Since macro scale intervention is a long-term expensive 
process, urban designer can contribute greatly to micro scale 
solution These solutions are comparatively less expensive and 
can be implemented immediately  
Due to rapid urbanization and population growth, 
BANGALORE public space is diminishing gradually. 
Protecting these open spaces not only contributes to the 
physical and mental health of the citizen but also solves the 
water logging problem. These green spaces infiltrate the water 
into the ground. Parks, wet lands, open fields can serve as 
detention ponds if these are preserved and designed properly 
During the heavy rainfall a concave section of the green open 
field will retain water for a while which will alleviate burden 
on urban drainage.  

These seasonal detention ponds during the monsoon can also 
serve as public space re-establishing the human-water 
relationship. 
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To solve the water logging problem, pipe should be continued 
underneath the footpath to the green parks. 100mm rainfall 
infiltration through green or infiltration wells that can greatly 
lessen the pressure on urban drainage 

Banks of canal and lake have to be widened up to 2-3 meters 
with pedestrian path ways, greenbelts and tree plantation. 
Pedestrian walkways around the water bodies will help to 
protect them from encroachment and these have to be 
constructed with permeable material such as permeable surface 
bricks, tiles avoiding the present trend of using impermeable 
materials. Excavation of the canal and raising the bank of the 
water bodies are two main ways to protect the city from water 
logging. Two sides of the canals should have green and 
permeable surface, if the sides are made with hard surfaces 
eventually it becomes drain. 
The approaches like rain water harvesting, roof gardening, 
water plazas, rain garden, grassed swales can be easily adopted 
in community or individual level to alleviate water logging 
problem. These approaches not only improve the water logging 
situation but also enhance the environmental quality. Ram 
water harvesting can contribute both ways: reduce the water in 
street and this harvested water can be used for household 
activities, car washing, and gardening. But ram water 
harvesting has to be planned properly- green roofs can exert a 
significant Impact in minimizing pluvial flood by retaining 
rainwater. Roof gardening concept is getting popular in recent 
days as it alleviates heat stress, ameliorates air quality, 
beautifies the city, and increases building's insulation  
 

Revival of canal networking 

 
The chief of the Biodiversity Unit of the World Conservation 
Union (IUCN) indicates that, densely populated city like 
BANGALORE requires 25 per cent wetland for ecological 
balance and sustainability of habitats. But BANGALORE has 
less than 10 per cent wetland, which too is threatened. 
Extending the connections between sewerage and drains with 
natural water bodies makes a drainage network. A canal rather 
than its retention activity, collects water from neighbour areas, 
evaporates and percolates water and is connected with the 
drainage system. Therefore, it is much needed to re-excavate 
the existing canals with proper design depth to increase its 
retention capacity and revitalize the missing connections for 
proper drainage network. 
 
Development of Retention and Detention Areas 

A wetland cannot be considered as a wasteland as it gives much 
more than money can buy. A wetland's hydrological function 
lies in serving as recharge source or discharge area of 
groundwater, flood storage and slowing drowning the erosion 

of water waves. The bigger the wetland is, the greater its water-
logging storage capacity is. Therefore, water project 
management of wetland strengthens the urban drainage 
planning, by this bangalore can be protected from frequent 
flooding. 

 

IV. CONCLUSION 

Bangalore in the process of rapid urbanization, is facing a 
massive pressure on its land and the city is trying to meet the 
demand by Initiating encroachment of water bodies, 
unplanned development and the wetlands grabbing 
According to this study, these are the main reasons behind 
water logging disaster Hence for an effective permanent 
solution, government has to take strong stand against such 
Issues. Both micro and macro solution to water logging 
disaster require a comprehensive synchronization 
government authority. Beyond the traditional measures of 
flood control, urban drainage planning strategy should 
incorporate urban design tools like roof garden, park, rain 
water harvesting which will not only contribute to the 
solutions of water logging problem but also improve the 
physical and environmental quality of the city. Therefore, 
current research recommends the solutions which require less 
resources rather more public awareness and community 
participation and above all implementation of law  
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Abstract – Cladding material is used to provide a 

degree of thermal insulation and weather resistance, 

and to improve the appearance of buildings. Bio 

medical plastic waste is incorporated with cement and 

quarry dust. 

Keywords- Biomedical plastic waste, quarry dust, 

sustainability, recycled plastic. 

INTRODUCTION 

Biomedical waste disposal into landfills 

and oceans has created serious issue in human and 

marine life. Recycling of biomedical waste 

generated from hospitals, labs, veterinary and other 

sectors have a great impact on reducing the risk of 

human health diseases, marine life and improved 

rate of sustainable development which promotes 

economy of the nation. In this report the 

importance of recycling, economic development 

rise and sustainability is discussed.  

The importance of waste disposal management is a 

very important and major part of any health care 

institute. CPCB (Central Pollution Control Board) 

is one the major recycling organization in India 

since 22 September 1974. On world environment 

day 2021 it is shown that India produced 45,308 

tones of Covid-19 bio-medical waste in from 2020 

to 2021. According to CPCB, India is been 

generating nearly 146 tones of bio-medical waste 

everyday due to diagnostic waste and treatment of 

Covid-19 patients. This biomedical waste 

generation alone has increased 17% because of 

pandemic.  There’s always room for improvement 

to reduce our environmental impact, one such is 

RECYCLING OF BIO MEDICAL WASTE IN 

INDIA. Recycling is a traditional form of modern 

waste reduction. The future of our country relies on 

innovative solution. Often the materials used on 

construction sites are a mixture of raw materials 

and a level of recycled materials. Improvement in 

wellbeing of the nation, meeting all the economic 

crisis, providing basic needs to all humans in the 

country is always a responsibility of any project. 

 

The replacement of natural fine aggregate by using 

quarry dust leads to consumption of generated 

quarry dust, the requirement of land fill area can be 

reduced and solves the natural sand scarcity 

problem. The sand availability as a fine aggregate 

at low cost which needs the reason to search as a 

alternative material. Even it causes saddle to dump 

the crusher dust at one place which causes 

environmental pollution. The chemical analysis, 

specific gravity, sieve analysis and compressive 

strength is identified for various percentage and 

grades of concrete by replacement of sand with 

quarry dust. 

 

Real-time problem faced is high disposal of plastic 

in Bengaluru, especially during the pandemic 2020-

2021. In this study we will be doing cladding 

material facade using cement as base material and 

plastic obtained from biomedical waste as 

replacement with other additives to improve texture 

and aesthetic view. Conducting physical 

characteristic tests like compression test, flexural 

strength, tension test and others to meet the 

requirements. The other objective of the study is to 

improve the ease of installation, low maintenance, 

warranty, fire resistant and increase the percentage 

of recyclability of the same material. 

The cladding material is eco-friendly and provides 

an aesthetic view. 

Achieving required strength using bio-medical 

waste as a replacement to coarse aggregate. 

 

 

 Fig1. Cladding material sample design(wall façade) 
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METHODOLOGY 

 

Procurement of materials  

Materials of the cladding materials were 

collected from the available areas and shops. 

 
Fig 2. Materials used. 

Batching of materials 

Measurements of materials for making 

cladding material is called batching. After collection 

of material unwanted waste was removed from the 

collected material and plastic was segregated 

according to the sizes required for the material.  

Mixing  

Mixing of material is essential for attaining 

uniform strength of material. The mixing has to be 

ensured that the mass becomes homogenous, 

uniform in color and consistency. Generally there 

are two type of mixing hand mixing and mechanical. 

in this project we adopt hand mixing. 

Moulding 

After completion of proper mixing we 

place mix into required mould. In this project we 

used brick size (7cm*7cm*7cm) 

. 

COMPOSITION OF MOULD 

 

The normal consistency of cement is 30%. 

The cement and quarry dust ratio in 1:3. 

Plastic percentage varying in 8%, 10%, 12%. 

The mix design is done as per the IS code book. 

 

Sl no Weight 

of motar 

cube(gm) 

Cement 

(gm) 

Quarry 

dust 

(gm) 

Plastic 

(gm) 

1 600 150 450 - 

2 600 138 414 48 

 3 600 135 405 60 

4 600 132 396 72 

 

RESULT 

 

Sl no Composition 

of mould 

No. of 

days 

Compression 

strength in 

N/mm² 

1  

 

Cement+ 

Quarry dust 

7 17.55 

2 14 20.86 

3 21 23.98 

4  

Cement+ 

quarry dust+ 

plastic 

(8%) 

7 16.56 

5 14 19.94 

6 21 20.56 

7  

 

      

      10% 

7 

 

20.00 

8 14 18.96 

9 21 17.23 

10  

 

 

      12% 

7 16.21 

11 14 15.2 

12 21 13.85 

 

CONCLUSION 

 

From the obtained result it is found that 

mortar cube with composition of quarry dust and 

cement mould has a increased amount of 

compression strength to the mortar cubes replaced 

with reusable PPE plastic in varying proposition of 

8%, 10%, 12%. 

Though strength of motar cube obtained from 

varying percentage of 8%, 10%, 12% is less but 

can be reffered to places like interior and exterior 

wall facade (cladding material), architectural 

indoor and outdoor articraft. 

The mortar cube using plastic is sustainable and 

economic. 
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Abstract-   
 
  Abstract External confinement using jackets can 
definitely growth the electricity and ductility of  
the reinforced concrete rectangular columns. This 
paper encompasses an experimental investigation for 
reading the effectiveness and suitability of concrete 
mixes as a retrofitting material and its use as jacket 
for square columns. The experimental programme 
included improvement of concrete blend and its use 
in retrofitting of square column specimens which 
have been both intact or distressed in advance to sure 
level. The experimental  
programme consisted of testing 8 control specimens, 
repairing, and retrofitting prior to trying out. The 
manage specimens had been of diameter one hundred 
fifty mm and top three hundred mm, forged in M30 
conventionally  
vibrated concrete, reinforced longitudinally with 4 
bars of eight mm diameter and five lateral ties of four 
mm diameter as transverse reinforcement. Two 
exclusive concrete mixes, had been used for jacketing 
across the columns. The jacket was bolstered with 
slight metal welded wire mesh (WWM) 50 mm × 50 
mm manufactured from 3 mm diameter cord. The 
retrofitted specimens have been tested after 7 days, 
28 days of curing. The take a look at consequences 
revealed the effective use of in part changed concrete 
as retrofitting cloth. The concrete jacket with WWM 
as reinforcement will increase the closing  

load wearing ability of column specimen. The 
ductility component is likewise calculated after the  
retrofitting with concrete mixes. 
 
INTRODUCTION: -      

The energy of constructing reduces, it may reduce 
by using overloading, herbal disaster 
(earthquake/floods), hearth environmental 
consequences. This leads the structure to fail. 
Failure of the maximum vital shape elements results 
in the whole fall apart of the body structure. During 
our survey at the failures leading to retrofitting of 
the member, it was noticed that the failure of 
compression member (column), because of the 
preferred compressive power of concrete was now 
not executed. Hence, selected the retrofitting of the 
column with via the RC Jacketing and have made                                                             
In case of RC columns partially or totally damaged 
a want for repair method to repair the unique 
column potential (with none increase in original 
power) is strongly wished. This technique includes 
the addition of a layer of bolstered concrete within 
the form of the jacket the use of longitudinal steel 
reinforcement and transverse steel ties outside the 
perimeter of current member. The thickness of 
jacket usually exceeds 10cm a good way to permit 
the casting of the concrete 
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MATERIALS AND METHODS: - 

The columns were retrofitted by means of 7- wire 
strands, which were placed at every 150mm, 
starting at 75mm from the column base Hollow 
steel sections (HSS 31.8x31.8x6.35mm) were 
placed on each face with three semi-circular disks 
welded on them, forming a frame around the 
column at each strand location. The height and 
location of semi-circular raiser disks were 
6calculated to make transverse forces as equally 
distributed as practically possible. The anchor was 
placed on one of the steel hallow sections, 
replacing one of the semi-circular disks, while 
enabling the prestressing of strands. 
The materials used here in this project are, Portland 
cement, M-sand, 20mm course aggregate, GGBS, 
fly-ash, zeolite. 
The first pair of columns were prepared with M30 
grade concrete mix design. The remaining 3 pairs 
of columns were casted by replacing cement by 
GGBS, fly-ash, zeolite in 5% and 10% in content. 
 

 
 
The experimental work herein aims to research the 
bonding some of the column cores and their 

jacketing and the remaining load-carrying 
potential and axial displacement of uniaxial loaded 
square RC columns repaired and strengthened the 
usage of two jacketing types with 3 techniques of 
floor roughening. The acquired effects are as 
compared with the ones of the reference columns. 
The procedure includes testing the column’s 
compressive strength prepared with concrete were 
the cement is partially replaced with GGBS, Fly-
ash and zeolite. The project also aims to prove that 
the column made of concrete, where the cement is 
partially replaced with GGBS, Fly-ash and zeolite 
have same strength has the concrete made of 
cement without replacement of other materials. 
 

PARTICULARS EXPERIMENTAL 
RESULTS 

IS LIMITS 
(IS:8112-1989) 

Specific gravity    3.14         - 
Initial setting   115 Not less than 30 

min 
Final setting   205 Not more than 

600 min 

 
 

ICGCP-2022 Sapthagiri College of Engineering

ISBN: 979-88-35073-61-0 68



  

 
    
 
METHODOLOGY: 
      

1.  Material testing 
2.  Mix design 
3.  Compressive strength of original column 

and jacketed column 
4.  TESTS ON AGGREGATES: 

• Crushing Test- to determine 
crushing strength. 

• Los Angeles Abrasion Test- to 
determine hardness. 

• Impact Test- to determine 
toughness. 

• Specific gravity Test. 
5.  TESTS ON CEMENT: 

• Fineness Test of cement. 
• Setting Test of cement. 
• Soundness Test of cement. 
• Specific Gravity Test of cement. 

6.  TESTS ON ZEOLITE: 
• X -RAY Diffraction test. 

  
 

 
Constituent Material: 
 
Concrete: - 
   Concrete is specially a mixer of 
materials composed of water combination and 
cement. Aggregates, Fine and Coarse mixed 
occupy about 70% voids in a special mass of 
concrete and residual 30% voids are occupied 
through water, cement and air voids. To acquire 
the preferred physical homes of completed 
materials, generally supplementary cementitious 
substances are brought in a concrete aggregate. 
 
Cement: - 
           Ordinary Portland cement (OPC) is 
the most favoured binder in the production of 
concrete due to its properly adhesive and 
cohesive houses that facilitate it’s bonding with 
other materials. Locally acquired Ordinary 
Portland cement of 53 grade of the ACC cement 
Branch conforming to ISI standards is used and 
fashionable exams have been performed in line 
with IS:8112-1989. The bodily and chemical 
elements of cement are given in Table 2. 
 
Ground Granulated Blast Furnace Slag: - 
    GGBS is accumulated from 
Steel Mill Karachi. Blast furnace slag is a by-
product left as a residual product after the burning 
of coke, limestone and ore of iron in an aggregate 
at 1500 C. Molten iron and molten slag are 
received after heating the mix. The low-density 
molten slag comes up on the surface and without 
difficulty separated from rest of the mass. 
Afterwards its miles cooled down through the 
action of water. The water stress during the 
cooling method breaks down the slag right into a 
length less than five millimetres. Blast furnace 
slag powder is then received via grinding the 
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dried slag mass. The chemical and physical 
houses of BBFS are proven in Table 2. 
GGBS is derived from pig iron production 
technique. When the molten slag cools, its 
adjustments right into a satisfactory, granular, 
nearly fully non-crystalline, glassy form referred 
to as granulated slag. It has latent hydraulic 
houses. The finely ground slag, when combined 
with Portland cement (PC), offers excellent 
binding houses. It has same chemical houses as 
that of cement, however it's far much less reactive 
than Portland cement (PC). It hydrates on 
including water just like the Portland cement and 
primarily in aggregate with Portland cement, 
normally within the range 60 to forty percentage 
GGBS, depending at the utility. The blends can 
both be manufacturing facility made or formed in 
the mixer by means of including Portland cement 
and GGBS each from its very own silo. Concrete 
containing GGBS/PC blend may be gradual in 
reacting than natural PC concrete, however it has 
progressed sturdiness. The chemical and physical 
homes of BBFS are proven in Table 2 

 
Table 2. Physical and Chemical Properties of 
GGBS and Fly Ash 

Properties  Cement  GGBS  Fly Ash  
Specific 
gravity  

3.16  2.78  2.41  

𝑆𝑂2		 20.1  34.9  63.4  

𝐴𝑙2𝑂3		 4.12  9.12 11.21  
𝑓𝑒2𝑂3		 3.5  2.59  5.22  
𝐶𝑎𝑂		 62.4  44.2  14.72  
𝑀𝑔𝑂		 2.42  4.53  1.82  
𝑆𝑂3		 3.21  2.36  0.38  
𝑁𝑎2𝑂		 _  0.62  0.41  
𝐾2O		 _  0.25  0.1  
𝐿𝑂𝐼		 1.81  1.33  2.22  

 
 

Fly ash: - 
   Fly Ash is the alternative choice. 
Locally to be had (Jamshoro, Pakistan) Class F 
Fly Ash became used. It was accumulated from 
Lakhra Power House, Jamshoro. It is acquired 
from coal strength flora [19]. It creates critical 
environmental, disposal and health troubles. Its 
grains are round in form and are used in aggregate 
with ordinary cement to enhance the concrete 
workability. Also, it increases durability and 
power of hardened concrete. The chemical and 
bodily houses of Fly Ash are proven in Table 2. 

 

 
 
Locally to be had river sand that is loose from 
organic impurities is used and conformed to  
      Fine and Coarse Aggregates: - 

grading zone 2 as according to IS: 2386 (Part-I – 
1963). Sand passing via sieve is 4. Seventy-five 
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mm and maintaining on IS sieve no. A hundred 
and fifty μ is used on this look at. Sieves are very 
well wiped clean earlier than use. 
The coarse combination used within the 
experiments have most length of 20 mm. IS 
383:1970 turned into used to discover the 
percentage mix of coarse aggregate, with 60% 10 
mm size and 40% 20 mm. The bodily residences 
are proven in Table 3. 
Table 3. Physical properties of Fine 
aggregate and Coarse aggregate 
Properties  Fine 

aggregate  
Coarse 
aggregate  

Specific 
gravity  

2.68  2.792  

Water 
absorption  

2.1%  1%  

Free surface 
moisture  

2.3%  Nil  

 
Water: - 
           Higher water content imparts higher 
workability to the concrete mix. When water is 
added to the concrete, hydration response takes 
place, and hardening of the paste begins, in the 
end. Water should have a pH price inside the 
variety 6-8. Water must no longer contain salt in 
it if used for strengthened concrete, because it can 
reason the reinforcement metallic material to 
corrode. 
 

                             Zeolite: - -

 
Determination of Load Carrying 
Capacity: - 
   A RC column of 300mm length 
having a move phase of a hundred and fifty×150 
mm with 1% place of reinforcement has been 
designed and its load sporting capability has been 
calculated as in line with the limit country 
technique. The strength of the column is decided 
from the following equation with admire to IS 
456:2000 phase 39.Three:  
 
         𝑃 = 0.Four × 𝑓𝑐𝑘 × 𝐴𝑐 + 0. 67 × 𝑓𝑦 × 𝐴𝑠𝑐 
(1)     Where; 𝑓𝑐𝑘: Characteristics compressive 
power of the concrete (20 MPa); 𝑓𝑦: 
Characteristic energy of compressive 
reinforcement (415 MPa); 𝐴𝑔: Gross region of 
the column (22500mm2 ); 𝐴𝑠𝑐: Area of 
longitudinal reinforcement required for the 
column (1% of 𝐴𝑔 = 900 mm2 ); 𝐴𝑐 : Area of  
concrete (𝐴𝑔 − 𝐴𝑠𝑐= 21600 mm2 ); 
Reinforcement furnished = 4 - 8𝛷, i.E..  
P = 0.Four×20×21600+ 0.Sixty seven×415×900 
= 423.Half KN Using a element of protection as 
1.5, the closing load carrying ability (𝑃𝑢) could 
be: 
 𝑃𝑢 = 1.5 × 423.1/2 = 634.56KN. 
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Design of the Jacket: - 
The design for the jacketing of the columns is 
primarily based at the provisions and 
specifications made in IS 15988:2013. The 
minimal specifications required for jacketing 
a column are: 1. Strength of the brand-new 
materials that shall be used should be as a 
minimum equal to or greater than those of the 
existing Column. The energy of latest 
concrete shall be extra than that of the present 
concrete by using as a minimum 5 MPa.  
2. For columns in which no additional 
longitudinal reinforcement is required, at 
least 12 𝛷 bars have to be furnished on the 4 
corners with 8𝛷 ties @ a hundred c/c spacing. 
 3. Minimum jacket thickness that shall be 
supplied is one hundred mm.  
4. Minimum diameter of ties that shall be 
supplied is eight mm and no longer less than 
one-third of the longitudinal bar diameter.  
5. The spacing of vertical ties must no longer 
exceed 100 mm. If viable, the spacing of ties 
shall not be greater than the thickness of the 
jacket or 2 hundred mm whichever is much 

less. The design for the jacketing of the 
columns is primarily based at the provisions 
and specs made in IS 15988:2013. 𝐴𝑐 = 𝐴𝑔 − 
𝐴𝑠𝑐 (2) But 𝐴𝑠𝑐 = 0.01𝐴𝑔; Therefore, 𝐴𝑐 = 

0.99𝐴𝑔 So: 1354.Fifty six × one thousand = 
0.41× 25 × zero.89𝐴𝑔+ 0.57 × 415 × 0.01 𝐴𝑔 
→ 𝐴𝑔 = 117920 mm2 Since the cross phase 
is a rectangular, consequently: B = D 
=√117920 mm2 = 328 mm; so, allow B = D 
= 350 mm. Therefore, thickness of the jacket 
= (350−300)/2 = 25 mm. But According to IS: 
15988-2013, Minimum thickness of the 
jacket ought to be 100 mm; i.e. B = D = 500 
mm. 𝐴𝑔𝑗 = (500 × 500) – (a hundred and fifty 
× a hundred and fifty) = 160000 mm2 𝐴𝑠𝑐𝑗 = 
zero.01𝐴𝑔𝑗 =1600 mm2. 
But as in step with IS 15988, clause 
eight.5.1.1 (𝑒); 𝐴𝑠𝑐𝑗= (4/3) × 𝐴𝑠𝑐𝑗 received 
(3) =1.33×1600 = 2128 mm2 . So, offering 
16- 14Φ bar for the main reinforcements 
(Figure 2). 𝐴𝑠𝑐 Provided = 2463 mm2 > 2128 
mm2 . (𝑃𝑢) Jacket = 0. Four × 25 × 157537 + 
zero.Sixty seven × 415 × 2463 = 2360.20 KN 
Therefore; (𝑃𝑢) Jacketed column = 𝑃𝑢 + (𝑃𝑢) 
Jacket = 1544.Fifty six KN+ 2360.20 KN = 
3764.Seventy six KN. Hence, percentage 
boom in load sporting potential is = ((𝑃𝑢) 
Jacketed−𝑃𝑢 )/𝑃𝑢×a hundred = 84.46%. 
 
Results and Discussion: - 
The statistics and results of this observe is 
provided in tabular shape. The values of final 
load ability were acquired from the simulation 
plots.  
Table 4. Percentage increase in energy after 
jacketing Load Carrying Capacity 

 
Table 4 

 
Jacketed column Percentage boom in power As 
according to Design (KN) 634.5 1171.65 804. 

Load 
carrying 
capacity 

Initial 
column 

Jacketed 
column 

Percentage 
increase in 
strength 

    
As per 
design(KN) 

634.56 1171.65 84.46 

As per 
Simulation 
(KN) 
 

936.4 1600.56 92.3 
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46% As in line with Simulation (KN) 936.1 
1600.56  92.3% 
From the above outcomes it can be talked about 
that the proportion boom in axial load carrying 
potential as in step with layout is greater than that 
received after simulation. The primary cause for 
this distinction is the impact of bonding among 
the vintage current concrete surface and the new 
jacket floor. For the layout technique the burden 
sporting capacity of the preliminary column and 
the jacket portion had been calculated one by one 
and they had been summed up assuming a really 
perfect bond among the antique and new 
surfaces. While at some stage in the simulation 
floor to floor bond between vintage and new 
concrete became mounted the use of TIE 
constraint. Since the evaluation is based on the 
assumption of a a hundred percent bond at the 
interface, the best bond among the jacket and the 
column turned into simulated by means of 
merging the nodes of existing column with the 
nodes of the jacket at the interface. 
 
Conclusion: - 
   Strengthening of column on this 
look at changed into an try to growth the burden 
carrying capacity of it in an current building that 
wishes to be retrofitted to fulfil the desired 
purpose. The energy of the column member 
subjected to concentrically axial compressive 
load will increase considerably after RC 
jacketing. As in step with effects noted in Table, 
the boom inside the load sporting potential of the 
jacketed column as according to layout is eighty 
four.46% while it is ninety two.3% as in step with 
simulation performed in ABAQUS. From the test 
performed inside the past, the growth in load 
wearing capacity was determined to be around a 
hundred and ten% under uniaxial load [14] for 50 
mm jacket thickness. So the distinction and huge 

boom within the load carrying capability for the 
existing examine can be attributed to using thick 
jackets around the four sides that is 100mm as 
well as the TIE constraint used within the 
modelling which imparts best floor to floor bond 
between the existing concrete and the jacket. 
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Abstract 

Considerable efforts are being made in every part of the world to develop new construction materials. In the 

construction industry, concrete technology is heading towards entirely new era by the use of Fly Ash, GBFS 

and Fibers like Steel Fibers in concrete. While conventional concrete has poor tensile strength, low resistant 

to tensile cracking, so its capacity to absorb energy is limited. The weakness in tension is conventionally 

overcome by strengthening their matrix with steel and more recently by reinforcing with fibrous materials. 

Concrete when mixed with fibers, give fibrous concrete. The mechanical property of fibrous concrete is 

superior to that of ordinary concrete. Fly Ash and GBFS will be evaluated for use as supplementary 

cementitious material in cement and sand based system, the performance of Fly Ash and GBFS mixtures will 

be compared to controlled mixtures and mixtures incorporating Fly Ash and GBFS as partial replacement 

for cement and sand. 
 

                     1. INTRODUCTION 
Concrete is a composite material containing hydraulic 
cement, water, coarse aggregate and fine aggregate. The 
resulting material is a stone like structure which is formed 
by the chemical reaction of the cement and water. This 
stone like material is a brittle material which is strong in 
compression but very weak in tension. This weakness in the 
concrete makes it to crack under small loads, at the tensile 
end. These cracks gradually propagate to the compression 
end of the member and finally, the member breaks. So to 
increase the tensile strength of concrete a technique of 
introduction of fibers in concrete is being used. These fibers 
act as crack arrestors and prevent the propagation of the 
cracks. Portland cement is the most important constituent of 
concrete. Unfortunately one ton of CO2 is released into the 
atmosphere during the production of 1 ton of cement. 

Thus partial replacement of Portland cement by mineral by 
products such as fly ash (FA) can significantly reduce CO2 
emission. Fly ash is used in concrete to achieve energy 
conservation and economic, ecological and technical 
benefits. It is used as pozzolanic mineral admixture in 
concrete. Fly ash is usually found to improve workability 
and contribute to strength development and hence 
considered to be an effective cementitious component of 
concrete. In India, natural river sand (fine aggregate) is 
traditionally used in concrete. The growing environmental 
restrictions to the exploitation of sand from the river beds 
has brought in severe strains on the availability of sand 
forcing the construction industry to look for an alternative 
construction material. Thus granulated blast furnace slag 
(GBFS) appear as an attractive alternative to natural fine 
aggregates for concrete. GBFS is totally different from 
natural river sand. It has been found that concrete made 
with GBFS achieved compressive strength equal to or 
higher than concrete made with natural sand, reducing the 

void content of the aggregates, there by lubricating the 
aggregate system without increasing the water requirement 
of the mixture. Most of the previous investigators were 
mainly engaged in replacing FA and GBFS with ordinary 
Portland cement. This research is an attempt on fiber 
reinforced concrete with FA and GBFS as partial 
replacement of cement and natural sand for various 
percentages 10, 20, 30 and 40 with a constant w/c ratio of 
0.35. 

                      LITERATURE REVIEW 

Mohammed Maslehuddin et. al., [1]: This research has 
Specific Significance to the Corrosion-resisting 
characteristics of concrete mixtures in which fly ash are 
used as an admixture. The date developed in this 
investigation indicates that concrete sample with fly ash as 
an admixture exhibit higher compressive strength gain and 
corrosion resistance compared to plain concrete. The 
compressive strength of 20% and 30% cement replaced fly 
ash concrete samples was higher than the plain concrete 
samples at all ages tested. The strength differential between 
the fly ash concrete samples and plain concrete samples 
became more distinct after about 28 days of curing. The fly 
ash concrete samples follow the water-cement ratio law, 
indicating that the strength contribution attributed to the fly 
ash increased as the water cement ratio was decreased. 

Vasudev R and Dr. B G Vishnu ram. [2]: This paper aims 
to have a comparative study between ordinary reinforced 
concrete and steel fiber reinforced concrete. The fibers 
which were used in the study were the hooked end steel 
fibers. The Experimental investigations and analysis of 
results were conducted to study the compressive & tensile 
behavior of composite concrete with varying percentage of 
such fibers added to it. The concrete mix adopted were M20 
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and M30 with varying percentage of fibers ranging from 0, 
0.25, 0.5, 0.75 & 1%. On the analysis of test results the 
concrete with hooked end steel fibers had improved 
performance as compared to the concrete with conventional 
steel fibers. 

Alhozaimy A.M et. al., [3]:This study carried out 
experimental investigations on the effects of adding low 
volume fractions (<0.3%) of calculated fibrillated 
polypropylene fibers in concrete on compressive and 
impact strength with different binder compositions They 
observed that polypropylene fibers have no significant 
effect on compressive strength, while flexural toughness 
and impact resistance showed increased values. They also 
observed that positive interactions were also detected 
between fibers and pozzolans. 

L. Zeghichi et. al., [4]: Experimented on substitution of 
sand by GBF crystallized slag. Tests carried out on cubes of 
concrete showed the effect of the substituting part of sand 
by granulated slag (30% & 50%) and the total substitution 
on the development of compressive strength. Compressive 
strength test results at 3, 7, 28, 60 days and 5 months of 
hardening concluded that the total substitution of natural 
coarse aggregate with crystallized slag affects positively on 
split tensile, flexural and compressive strength of concrete. 
The partial substitution of natural aggregate with slag 
aggregates permits a gain of strength at long term but entire 
substitution of natural aggregates affects negatively the 
strength (a loss in strength of 38%). 

M.S. Rao et. al., [5]: This paper highlights a case study of 
Granulated Blast Furnace Slag (GBFS/GBS) sand 
application as a partial substitute of Crushed Stone Sand 
(CSS) in cement concrete. Laboratory Studies were 
conducted for different grades of concrete viz. M30 to M70 
using blend of crushed stone sand and granulated slag sand 
in the ratio of 50:50 of total fine aggregate in concrete. 
From this study it is observed that GBS sand and CSS blend 
could be used as alternative construction material for 
natural sand in cement concrete applications. 

OBJECTIVES 
The objectives of this research project are: 
1. The objective of the present investigation is to find the 
optimum mix design for M30 grade concrete with regards 
to the amount of material constituents. 
2. To study the workability of concrete for various 
replacement level of FA and GBFS. 
3. To investigate the strength characteristics such as 
compressive strength, split tensile strength and flexural 
strength for concrete mixes of grade M30 by replacing FA 
and GBFS as a partial replacement of cement and sand 
respectively with addition of 0.5% steel fibers  
4. Compare the strength properties of steel fiber reinforced 
concrete with various percentage replacement levels of FA 
and GBFS with conventional concrete. 
5. Compare the durability properties of steel fiber 
reinforced concrete with various percentage replacement 
levels of fly ash and GBFS with conventional concrete. 

6. To determine the usage level of industrial wastes such as 
fly ash and GBFS. 

                         METHODOLOGY 
The aim is to determine the characteristics of constituent 
materials and strength of concrete produced by replacing 
cement by FA and natural sand by GBFS with the addition 
of steel e fibers. Several experimental works are carried out. 
Thus work study is laboratory oriented. 
1 The materials such as fly ash, GBFS, fine aggregate, 
coarse aggregate, super plasticizer, M30 grade concrete and 
required slump are chosen. 
2. The materials have been collected from a specific 
location and properties have been studied. 
3. Using these properties, mix design is carried out with 
suitable w/c ratio of M30 grade concrete. 
4. Required slump is obtained experimentally by slump 
cone test. 
5. Concrete cubes were casted to study the compressive 
strength of concrete. Then the cubes were tested in 
compression testing machine. 
6. The compressive strength of the concrete will be 
determined by using 150mmconcrete cubes specimens. The 
specimens will be tested at 7 and 28 days age, in200tons 
capacity hydraulic type compression-testing machine. The 
cube compressive strength will be obtained by considering 
the average of three specimens at each age. 
7. Cylinders of size 150mm by 300mm cylinders were 
casted to study the split tensile strength of concrete. The 
specimens were tested at 7 and 28 days age, in 200tons 
capacity hydraulic type compression-testing machine. The 
tensile strength will be obtained by considering the average 
of three specimens at each    age. 
8. Beams (150mm×150mm×700mm) were casted to study 
the flexural strength of concrete. 
9. Then the beams were tested in single point loading and 
deflections under the load points will be recorded. 
10. All the beams will be tested in a universal testing 
machine of 1000kN capacity at a constant rate of 
displacement. 
11. The density of FA and GBFS concrete will be observed 
and compared. 
12. Using these test results suitable graphs is plotted. 
13. Conclusions are drawn based on test results. 

CHARACTERIZATION OF CONSTITUENT 

MATERIALS 

Ordinary Portland Cement 
The cement used in this experimental investigation is Birla 
Super 53 Grade OPC conforming to IS: 12269-1987. 

Table 1 Physical properties of cement 

Properties 
Obtained 

Values 

Requirements as per 

IS: 12269-1987 

Fineness 4.8% Not more than 10% 

Soundness 1mm Not more than 10 mm 

Initial setting 
Time 

48min Not less than 30 min 

Final setting 
Time 

240min Not more than 600min 

Standard 33% - 
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Consistency 

Specific 
Gravity 

3.14 - 

 

Fine Aggregate 
The material have used as fine aggregate in this project is 
locally available clean river sand passing IS Sieve No.480 
(4.75mm) have been used with water absorption of 1.5%. 
The results of sieve analysis conducted concluded is 
tabulated in Table 4.3 and it confirms to Zone II as per the 
specifications of IS: 383-1970 (Reaffirmed 2007). 

Coarse Aggregate 
The material whose particles are of size as are retained on 
I.S Sieve No.480 (4.75mm) is termed as coarse aggregate. 
The size of coarse aggregate depends upon the nature of 
work. The coarse aggregate used in this experimental 
investigation are of 20mm, 12mm sizes, crushed angular in 
shape having water absorption of 0.5%. The aggregates are 
free from dust before used in the concrete. The sieve 
analysis of combined aggregates confirms to the 
specifications of IS: 383-1970 (Reaffirmed 2007) for 
graded aggregates.  

Water 

Water is an important ingredient of concrete as it actively 
participates in the chemical reaction with cement.  

Fly Ash 
Fly ash is an industrial by-product, generated from the 
combustion of coal in the thermal power plants. The size of 
fly ash particle is largely dependent on the type of dust 
collection equipment.  

GBFS 
The physical and chemical properties of GBFS are verified 
.It contains more calcium oxide (CaO) compared to fly ash. 
Since it contains aluminum oxide and silica oxide. Specific 
gravity of GBFS 2.785 is used for this investigation work 

Table 2Physical properties of GBFS 

Properties Results 

Color Light gray 

Form Granular 
Plasticity Non plastic 

Specific gravity 2.88 

  

Chemical Admixture 
Super plasticizer GLENIUM 8233 of M/s. BASF 
Construction Chemicals (I) Pvt. Ltd, confirming to IS: 
9103: 1999 has been used. 

EXPERIMENTAL INVESTIGATIONS 

Workability Test 

 
Slump Test: Slump test is the most commonly used method 
for measuring consistency of concrete which can be 
employed either in laboratory or at site of work. It is not a 
suitable method for very wet or very dry concrete. It is used 

conveniently as a control test and gives an indication of the 
uniformity of concrete from batch to batch. 
 
Table.3 Workability Test Results of M30 Grade Concrete 

Mix 

Proportions 
Slump Values Using 

0.5% SF (mm) 
CC 100 
FRC 10% 100.80 
FRC 20% 99.80 
FRC 30% 98.71 
FRC 40% 97.61 

 

 

Split Tensile Test 

FRC cylinders of size 150mm (dia) x 300mm (height) 
casted and test results are compared with that of 
conventional concrete. 
Where, 
P is the compressive load on the cylinder 
l is the length of the cylinder 
d is diameter of the cylinder. 

Table 4 Split Tensile Strength of M30 SFRC for 7 Days in 

N/mm² 

SL.

No. 

%Variation 

of FA and 

GBFS with 

0.5% SF 

Split Tensile 

Strength for 7 

Days (N/mm) 

1 CC 2.09 

2 10% FA & 
10% GBFS 2.64 

3 20% FA & 
20% GBFS 2.33 

4 30% FA & 
30% GBFS 1.93 

5 40% FA & 
40% GBFS 1.40 

 

Table 5 Split Tensile Strength of M30 SFRC for 28 Days 

in N/mm² 

SL. 

No. 

%Variation of 

FA and GBFS 

with 0.5% SF 

Split Tensile 

Strength for 28 

Days (N/mm2) 

1 CC 3.43 

2 10% FA& 10% 
GBFS 

3.63 

3 20% FA & 20% 
GBFS 

3.34 

4 30% FA & 30% 
GBFS 

           3.00 
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  5 40% FA & 40% 
GBFS 

           2.60 

 
 

Cube Compression Test 
This test was conducted as per IS 516-1959. The cubes of 
standard size 150x150x150mm were used to find the 
compressive strength of concrete. Specimens were placed 
on the bearing surface of CTM, of capacity 200tones 
without eccentricity and a uniform rate of loading of 
140kg/sqcm per minute was applied till the failure of the 
cube. The maximum load was noted and the compressive 
strength was calculated for normal concrete mix and fiber 
reinforced concrete mixes with FA and GBFS at 7 and 28 
days. The results are tabulated in Table 6 and 7 and has 
been graphically represented in figures  

Cube compressive strength (fc) in N/mm2 = P/A 
Where, 
P= Cube Compression Load in kN 
A= Area of the Cube on Which Load is Applied (150 x 150 
= 22500 mm2) 

Table 6Compressive Strength of M30 SFRC for 7 Days in 

N/mm² 

Sl. 

No. 

% Variation of 

FA and GBFS 

with 0.5% SF 

Compressive 

Strength for 7 

Days (N/mm2) 

1 CC 25.14 

2 10% FA & 10% 
GBFS 25.92 

3 20% FA & 20% 
GBFS 24.84 

4 30% FA & 30% 
GBFS 23.20 

5 40% FA & 40% 
GBFS 20.22 

 

Table 7 Compressive Strength of M30 SFRC for 28 Days 

in N/mm² 

Sl. 

No 

% Variation of 

FA and GBFS 

with 0.5% SF 

Compressive 

Strength for 28 

Days (N/mm2) 

1 CC 42.04 

2 10% FA & 10% 
GBFS 43.00 

3 20% FA & 20% 
GBFS 41.15 

4 30% FA & 30% 
GBFS 38.62 

 
 

Flexural Strength 
The test results of flexural strength of design mix M30 on 
standard 150x150x700 mm beams (with and without 
reinforcement) at 28 days age obtained are tabulated and 
the results are graphically represented for fly ash and GBFS 
concrete with addition of steel and polypropylene fibers. 

Table 8 Flexural strength of M30 FRC without 

reinforcement for 28 days in N/mm2 

% 

Replacement 

of FA & GBFS 

Addition of 

fibers in 

(%) 

Flexural 

Strength 

(N/mm2) 

CC 
0.5% steel 

fiber 5.40 

10% FRC 
0.5% steel 

fiber 5.52 

30% FRC 
0.5% steel 

fiber 4.86 

40% FRC 
0.5% steel 

fiber 4.21 

 

Conclusion 
Based on the results of the investigation conducted on fly 
ash and GBFS based concrete made with various levels of 
cement and sand replacement and cured for various curing 
periods 7 and 28 days, the following conclusions can be 
drawn: 

1. The fiber reinforced concrete mix with addition of 
mineral admixtures has shown considerable improvement 
in all the properties of concrete when compared to 
conventional concrete. 
2. The workability of fiber reinforced concrete has been 
slightly reduced with increase in the percentage of FA and 
GBFS. 
3. Fly ash and GBFS based steel fiber reinforced concrete 
mix having various cement and sand replacement level upto 
30% exhibited satisfactory results for both compressive and 
split tensile strength. 
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4. The optimum FA and GBFS content is observed to be 
30% of cement and sand. 
5. By analyzing the experimental results of fiber reinforced 
concrete it has been observed that there is an appreciable 
improvement in flexural strength when steel reinforcements 
are used while comparing it with the beams without steel 
reinforcement. 
6. Use of high volume fly ash and GBFS in any 
construction work as a replacement of cement and sand 
provides lower impact on environment (reduce CO2 
emission) and judicious use of resources (energy 
conservation, use of by-product) 
7. Use of fly ash reduces the amount of cement content as 
well as heat of hydration in a concrete mix and the use of 
GBFS as a partial replacement of sand overcome the 
problem arise due to sand scarcity. Thus, the construction 
work with fly ash and GBFS based concrete becomes 
environmentally safe and also economical. 
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INTRODUCTION 

                          Cement products make up 
almost all of the man-made products and 
are therefore the most important design 
products, in fact they are likely to continue 
to have the same value in the future. 
However, these products and anatomist 
products need to meet new and larger 
needs. As soon as you are fighting 
production problems, the whole economy, 
high quality and suspension, weather 
resistance takes other design products such 
as plastic goods, building materials and 
timber. The only place in this development 
is usually to self-compacting concrete 
(SCC), a type of improved product that will 
pass, and incorporate intoxication by its 
body weight. 

                             It should find non-
compliant housing with a large circulation 
capacity and a strong level of resistance to 
resistance. That consistency is due to the 
effect of dissolving a high-pressure water-
cooled mixture (super plasticizer) mixed 
with a mixture produced by high 
concentration of allergies in additional 
filling products. The key elements that 
control this fine-tuning are often in line 
with local physics and chemistry which is 
why, SCC is often heavily influenced by 
game combinations, as well as the large 
available space for written content for 
payments. The new SCC, like all cement 
products, is the formation of medium 

particles and a range of measuring particles 
(from 10- so you can reach 25 mm target 
concrete). This allergy is influenced by a  

combination of complex particles 
electronic.  

ABSTRACT: 

Self-adhesive concrete is a liquid mixture 
that is suitable for depositing in structures 
with high density without vibration. The 
self-adhesive concrete development should 
ensure a good balance between deformity 
and stability.  Also, cohesion is affected by 
the properties of the materials and the 
dimensions of the mix; it becomes 
necessary to change the SCC hybrid design 
process. The paper introduces the 
experimental process of designing concrete 
mixtures that combine them. A coarse 
surface found in the area of 20 mm and 12.5 
mm, sand M as the ideal amount used in this 
exploration activity. The water 
concentration was adjusted to 0.31. 
Alccofine is used as a cement substance 
over cement. Different track combinations 
were fixed with C. A: F. A separate and add 
a growing percentage of super plasticizer to 
obtain a better SSC mix. Test results for 
concrete acceptance signals such as 
downhill, V-funnel and L-Box are 
displayed. Examples of cube sizes 
150mmX150mmX150mm are prepared for 
pressing concrete mixtures. Strength is 

ICGCP-2022 Sapthagiri College of Engineering

ISBN: 979-88-35073-61-0 80



limited to 7 years and 28 days of treatment 
period. 

It is very liquid and is able to pass through 
the affected areas and fill all the nooks and 
corners without the risk of mud or other 
external fragmentation ingredients, at the 
same time there are no air pockets or closed 
stones. This type of concrete mix does not 
they require any congestion and save time, 
labor and energy. 

Bonding Concrete. 

The impact of fly ash (FA) on compound 
concrete (SCC) materials is being 
investigated. Portland Cement (PC) was 
replaced by 0–80% FA. The water level in 
the binder was kept at 0.36 in all mixtures. 
Properties included performance, 
compressive power, ultrasonic pulse speed 
(V), absorption and shrinkage. The results 
show that high volume FA can be used in 
SCC to produce high strength and low 
shrinkage. Replacing 40% of PCs with FA 
resulted in power over 65 N / mm2at 56 
days. Higher absorption rates are achieved 
with a growing FA value, however, all FA 
concrete shows less than 2% absorption. 
There is a systematic decrease in fat as FA 
content rises and with FA content of 80%, a 
56-day decrease is reduced by two-thirds 
compared to controls. The linear 
relationship exists between a 56-day 
reduction and FA content. Increasing the 
admixture content above a certain level 
leads to a decrease in energy and an 
increase in absorption. The relationship 
between energy and absorption indicates a 
significant decrease in energy as absorption 
increases from 1 to 2%. After 2% 
absorption, the energy decreases by a very 
slow rate. 

MATERIALS AND METHODS 

Cement, sand, course aggregates, V funnel 
fly ash, L box, U box research work related 
to the various uses and methods used to test 
Concrete made from different cement 
materials and mixtures is discussed. This 

chapter provides a comprehensive review 
of the work done by various researchers in 
the field of Self-compacting Concrete. 

EXPENDITURE 

 CEMENT 

The bond is a fine, dark powder. It is 
compacted with water and building 
materials, for example, sand, stones, and 
pebbles to form concrete. Bond and water 
are a layer of glue that holds other things 
together as the cement hardens. Normal 
concrete consists of two basic fixes 
especially argillaceous and calcareous. In 
the structures of argillaceous mud is 
abundant and in shiny materials calcium 
carbonate prevails. The basic part of the 
bond is shown in. 

LIMITS OF FORMATION OF PORTLAND 
CEMENT 

The Ultra Tech Grade 43 bond was used to 
throw shapes and chambers into every solid 
combination. The concrete had the same 
shade, i.e. black and light green shade and 
had no solid bumps. Highlights of the 
various bond-led assessments are provided 
under Table. 

GOOD AGGREGATES 

The sand used for the exploration program 
was purchased locally and complied with 
the standard Indian IS: 383-1970. The sand 
was first filtered through a 4.75 mm filter to 
remove any particles larger than 4.75 mm 
and then washed to remove dust. The 
properties of the positive amount used in 
the experimental work are drawn in Table. 
The aggregates are filtered through a set of 
filters to obtain a filter analysis and the 
same is shown in Table. Penalty rates were 
for grade III sinners. 

SOLID INTEGRATION 

Items stored in IS sieve no. 4.75 is called a 
strong aggregate. Crushed stone is 
commonly used as a coarse stone. The 
quality of the work determines the 
maximum size of the solid aggregate. A 
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coarse amount of locally available 10 mm 
was used in our work. Aggregates were 
washed to remove dust and dirt and then 
dried to make them appear dry. Aggregates 
tested as per IS: 3831970. The results of 
various tests performed with solid 
aggregate are given in Table 3.5 and Table 
3.6 shows the results of filter analysis. 

 WATER 

Generally, drinking water is good for 
concrete use. Water from lakes and streams 
containing seafood is generally suitable. If 
water is available from the above sources, 
no sampling is required. If it is suspected 
that water may be sewage, mine water, or 
waste from industrial plants or tins, it 
should not be used in concrete unless the 
test shows that it is satisfactory. Water from 
such wells should be avoided as the water 
level may change due to the groundwater or 
tap water used for pumping. 

 COMBINATION 

Complast SP430 complies with IS: 9103: 
1979 and BS: 5075 Phase 3 and ASTM-C-
494 Sort "F" as the maximum width of the 
dehydration compound. Conplast SP430 is 
available in light Sulphonated Napthalene 
Polymers and is supplied as a cocoa liquid 
that dissolves rapidly in water and is 
specifically described as providing a 25% 
reduction in water loss without loss of 
performance, Special Gravity 1.22 to 1.225 
At 30 ° 

 

U-BOX APPARATUS 

  

SLUMP CONE 

 

V FUNNEL 

METHODOLOGY 

Checked that the SCC flows alone under its 
dead weight to the level, being affected 
externally and compacting itself without the 
passage of additional density and without 
unknown separation. Due to the  

high powder content, SCC may show more 
plastic wrinkles or abrasion than 
conventional cement mortar. These views 
should therefore be considered between 
defining and determining the SCC. The 
knowledge of Ebb and the flow of these 
angles is restricted and this area mandates 
further research. The solid compound 
should be called Self-adhesive cement if the 
requirements of all three components are 
met. 

  • Completion capacity: The ability to 
complete a form function entirely under its 
own weight. 

 • Passing Ability: Ability to overcome 
obstacles under its own weight without 
interruption. Obstacles e.g. little support 
and openness and more. 

 ACCEPTANCE CRETERIA FOR SELF 
COMPACTING CONCRETE: 
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 In a situation where a test result is not 
achievable, there may be different reasons. 
The unthinkable reason can be found with 
more certainty by looking at the quality of 
other testing systems and independently 
evaluating performance characteristics. By 
following these lines the best unimaginable 
problem-solving work can be achieved. 
Table 2.3 and Table 2.4 provide a list of 
possible activities and the most frequent 
impacts of cement. It is clear that the impact 
depends on the size of the work and on the 
actual performance and creation of the solid 
compound. Each task can have a positive or 
negative impact on a variety of strong 
qualities. 

 In the event that test results between 
different piles or loads change significantly, 
the reason may be varied: 

 Attributes of cement 

 Additional attributes 

 Aggregate moisture content setting, 

 Temperature 

 The process of integration 

 Test time 

Test Methods: -An existing test of new SCC 
Mixes: 

      U-Box Test: 

U-Box Testing: Of the many test methods 
used to test personal cohesion, the U-sort 
test (Fig 4.3.1) proposed by Taisei 
combination is the most suitable, due to the 
small amount of cement used, compared to 
others (Ferraris, 1999). In this test, the level 
of storage capacity can be determined by 
the condition the cement reaches after 
going through the obstacles. Concrete with 
a filling stem greater than 300 mm can be 
judged as a joint for you. A few 
organizations consider a solid bond around 
you if the filling stem is more than 85% of 
the maximum length imaginable. 

 

The Slump Flow Test: 

The critical gear used is the same with 
respect to the standard Droop test. The test 
system differs from the traditional way in 
which the solid template inserted into the 
skin is not folded and when the magnetic 
cord is removed the sample collapses. The 
rate of sample expansion is measured, i.e. 
the level separation is dead. set there is a 
specific split in the standard Droop test. The 
Droop Stream test can provide Proof of 
compliance, filling capacity and SCC 
performance. SCC is expected to have a 
decent filling capacity and consistency if 
the spread diameter reaches between 
650mm to 800mm. 

 

FLly Ash: 

Fly ash (FA) is the result of the burning of 
piped coal in hot power plants. It emits a 
layer that collects dust from the power 
plants of fossil fuels such as smooth, 
smooth circles from thermal gases before   
being released into the atmosphere. The 
length of the particles depends largely on 
the type of hardware that collects dust. The 
distance between the particles of flammable 
debris is flies from less than 1-150 
micrometer. For the most part it is better 
than Portland concrete. Their surface area is 
usually 300 to 500 m / kg, although some 
fly cylinders can have an surface area of up 
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to 200 m / kg and a height of 700 m / kg. 
The flammable waste is primarily a silicate 
glass containing silica, alumina, iron, and 
calcium. The relative size or specificity of 
the fly slag and the maximum width 
somewhere in the range of about 1.9 and 2.8 
and tracking a large part of the black or tans 
(Halstead, 1986). The composite form of 
fly powder is governed by the related types 
and proportions of non-combustible 
materials used in coal. The most important 
synthetic elements in fly slag are silica, 
alumina and oxides of calcium and iron. As 
a result of its fineness and pozzolanic and 
sometimes natural cement environment, fly 
slag is widely used as part of bond and 
cement. 

RESULT 

COMPRESIVE 
STRENGTH 1 

RESULT 

7 DAYS  18.9 N/mm2 

14 DAYS 27.0 N/mm2 
28 DAYS 38.9 N/mm2 
  

CONCLUSION 

It can be concluded that the SCC helps to 

improve the environment of construction 

sites (reducing the noise produced by plants 

and construction sites) and to reduce 

workers' exposure (staff reduction) when 

concrete is concrete. In other words, SCC is 

a suitable type of concrete that can be used 

for small reinforcement spaces and sections 

that require structures, or, more commonly, 

for all building applications where they 

require higher efforts to achieve sufficient 

density. In addition, it can be seen that the 

SCC offers many other precast benefits, 

compressed concrete sector and surface 

construction such as removed issues related 

to vibration, rapid construction, high 

strength gain and better concrete quality 

after hardening. 
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 Abstract— 98% highways constructed in flexible pavement 

road. Bituminous Concrete mix design emphasizes to determine 

the proportion of bitumen, filler, fine aggregates, and coarse 

aggregates to produce a mix which is workable, strong, durable 

and economical. Bituminous concrete mix is the most common 

material used for flexible pavement road construction. It 

primarily consists of bitumen binder and aggregates. Bitumen 

binder acts as an adhesive agent that binds aggregate particles 

into a cohesive mass. One thing is of major considerations in 

this regard –pavement design. Our project emphasizes on the 

mix design consideration to find out the optimum binder 

content. In this design we have studied Marshall Stability test 

method. 

Keywords— Bitumen, Aggregate, Bituminous Concrete, 

Optimum Binder Content, Marshall Stability 

 

I. INTRODUCTION  
Most of the roadways in India constructed with flexible 

pavement having surfacing course with bituminous concrete. 

Bituminous concrete should be constructed to satisfy the 

recommendation and requirements of Ministry of road 

transport and highways Section 509. This clause specifies the 

construction of Bituminous Concrete, for use in surfacing and 

profile corrective courses. During 1900’s, the bituminous 

paving technique was first used on rural roads – so as to handle 

rapid removal of fine particles in the form of dust, from Water 

Bound Macadam, which was caused due to rapid growth of 

automobiles [Roberts et al. 2002]. At initial stage, heavy oils 

were used as dust palliative. An eye estimation process, called 

pat test, was used to estimate the requisite quantity of the 

heavy oil in the mix. By this process, the mixture was patted 

like a pancake shape, and pressed against a brown paper. The 

first formal mix design method was Hubbard field method, 

which was originally developed on sand bitumen mixture. 

Mixes with large aggregates could not be handled in Hubbard 

field method. India being the second largest growing economy 

in the world, in par with other developmental activities, road 

infrastructure is developing at a very fast rate. Large scale road 

infrastructure developmental projects like National Highway 

Development Project (NHDP) and Pradhan Manthri Gram 

Sadak Yojna (PMGSY) are in progress. The spurt in the 

growth of traffic and overloading of vehicles decreases the life 

span of roads laid with conventional bituminous mixes. This 

also leads to the reduction in the riding quality resulting in 

exorbitant vehicle operating costs and frequent maintenance 

interventions due to premature failure of pavements. 

Providing durable roads has always been a problem for a 

country like India with varied climate, terrain condition, 

rainfall intensities and soil characteristics. A good amount of 

research is going on all over the country in this field to solve 

the problems associated with pavements. It is observed that 

Stone Matrix Asphalt mixture is an ideal mixture for long 

lasting Indian Highways. The literature pertaining to the 

bituminous mixtures is reviewed in this chapter with a detailed 

discussion of SMA mixtures.  

 

               II .MARSHALL METHOD  
During World War II, the U.S. Army Corps of Engineers 

(USCOE) began evaluating various HMA mix design methods 

for use in airfield pavement design. Motivation for this search 

came from the ever-increasing wheel loads and tire pressures 

produced by larger and larger military aircraft. Early work at the 

U.S. Army Waterways Experiment Station (WES) in 1943 had 

the objective of developing: 

“…a simple apparatus suitable for use with the present California 

Bearing Ratio (CBR) equipment to design and control asphalt 

paving mixtures…” 

The most promising method eventually proved to be the Marshall 

Stability Method developed by Bruce G. Marshall at the 

Mississippi Highway Department in 1939. WES took the original 

Marshall Stability Test and added a deformation measurement 

(using a flow meter) that was reasoned to assist in detecting 

excessively high asphalt contents. This appended test was 

eventually recommended for adoption by the U.S. Army because: 

1. It was designed to stress the entire sample rather than 

just a portion of it. 

2. It facilitated rapid testing with minimal effort. 

3. It was compact, light and portable. 

4. It produced densities reasonably close to field densities. 

5. WES continued to refine the Marshall method through 

the 1950s with various tests on materials, traffic loading 

and weather variables. Today the Marshall method, 

despite its shortcomings, is probably the most widely 

used mix design method in the world. It has probably 

become so widely used because (1) it was adopted and 

used by the U.S. military all over the world during and 

after WWII and (2) it is simple, compact and 

inexpensive. 

III.MARSHALL MIX DESIGN 

PROCEDURE 
The Marshall mix design method consists of 6 basic steps: 

1. Aggregate selection 

2. Bitumen binder selection 

3. Proportioning  

4. Sample preparation (including compaction) 

5. Stability determination using the Marshall stability 

6. Marshall properties calculations 

7. Optimum asphalt binder content selection 

Aggregate Selection 

Although Marshall mix design did not specifically develop an 

aggregate evaluation and selection procedure, one is included 

here because it is integral to any mix design. A typical 

aggregate evaluation for use with either the Marshall mix design 

methods includes three basic steps. 
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                        SIEVE ANALYSIS TEST RESULTS 

1. Determine aggregate physical properties: 
This consists of running various tests to determine 

properties such as: 

o Toughness and abrasion 

o Gradation and size 

o Specific gravity and absorption                                
o Cleanliness and deleterious materials                          

o Particle shape and surface texture 
2.  

     SL 

    NO 

                TEST ON COARSE AGGREGATES 

     TEST NAME TEST 

RESULTS 

STANDARD 

VALUE AS 

FOR IRC 

1 Aggregate crushing value 
   25.21%   Max 30% 

2 Aggregate impact value    17.78%   Max27% 

3 Los  Angeles abrasion value    26.4%   Max35% 

4 Water absorption   0.675   2% 

5 Specific gravity   2.76   25-30% 

6 Flakiness and Elongation   15%,17%   Max 30% 

2. Determine bitumen binder properties  

3. Bitumen Binder Evaluation 
SL 

   NO 

   Composition of bituminous concrete pavement layer 

GRADING(SIEVE SIZE) GRADE-I MID LIMIT 

     1                26.5     100        - 

  2                 19    79-100     89.5 

  3               13.2    59-79      69 

  4               9.5    52-72      62 

  5               4.75    35-75      45 

  6               2.36    28-44      36 

  7              1.18    20-34      27 

  8               0.6    15-27      21 

  9               0.3    10-20      15 

 10               0.15    5-13      9 

 11               0.075    2-8      5 

 12 Bitumen content,% weight of total mix    5.0-6.0  

 

                              Proportioning of aggregates                       

 

Figure 1. Rothfuch’s graph as per obtained sieve 

analysis results 

Material A = 22 % , Material B = 59 %  ,Material C = 

19%  

Sample preparation  

The Marshall method, like other mix design methods, 

uses several trial aggregate-asphalt binder blends 

(typically 5 blends with 3 samples each for a total of 15 

specimens), each with a different asphalt binder 

content.  Then, by evaluating each trial blend’s 

performance, an optimum asphalt binder content can be 

selected.  In order for this concept to work, the blends 

must contain a range of asphalt contents both above and 

below the optimum asphalt content.  Therefore, the first 

step in sample preparation is to estimate an optimum 

asphalt content.  Trial blend asphalt contents are then 

determined from this estimate .Based on the results of 

the optimum asphalt binder content estimate, samples 

are typically prepared at 0.5 percent by weight of mix 

increments, with at least two samples above the 

estimated asphalt binder content and two below. 

• The aggregates and filler are mixed together in desired 

proportion as per the IRC standards to produce 

specimen of 63.5mm approx. 

• A total of approx 1200g of aggregates and filler mix is 

taken and heated at a temperature of 175-190‧c 

• The bitumen binder is heated to a temperature of 120-

165‧c(till it attains pouring consistency).  

• The weighed quantity of bitumen is added to the heated 

aggregate and the mixture is thoroughly mixed at 

specified temperature (<160‧c). 

• The mix placed in pre heated mould and compacted.  

IS Sieve 

Size in 

mm 

% Passing  

  A          B         C 

37.5       100       100        100 

26.5       95        100        100 

19        -        78         100 

13.2        -        68.5         100  

4.75        -          -         56 

2.36        -          -         37.3 

03        -          -         22 

0.075        -          -         3.2 

SL 

NO 

                           TEST ON BITUMEN 

     DESCRIPTION OF TEST TEST 

RESULTS 

STANDARDS

AS PER IRC 

1    Penetration test   67   60-70 

2 Specific gravity    1.02   0.99 

3 Ductility in cm   76.3cm   45-55 

4    Softening point   47   40(min) 

5 Viscosity test   42min   40(min) 
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Compaction with the Marshall Hammer 

Each sample is then heated to the anticipated compaction 

temperature and compacted with a Marshall hammer, a device 

that applies pressure to a sample through a tamper foot (Figure 

1) Some hammers are automatic and some are hand 

operated.  Key parameters of the compactor are: 

• Sample size = 102 mm (4-inch) diameter cylinder 64 

mm (2.5 inches) in height (corrections can be made for 

different sample heights) 

• Tamper foot = Flat and circular with a diameter of 98.4 

mm (3.875 inches) corresponding to an area of 76 

cm2 (11.8 in2). 

• Compaction pressure = Specified as a 457.2 mm (18 

inches) free fall drop distance of a hammer assembly 

with a 4536 g (10 lb.) sliding weight. 

• Number of blows = Typically 35, 50 or 75 on each side 

depending upon anticipated traffic loading. 

• Simulation method = The tamper foot strikes the 

sample on the top and covers almost the entire sample 

top area.  After a specified number of blows, the 

sample is turned over and the procedure repeated. 

• The compacted specimen is allowed to dry for 24 hours 

in air and the average dia , thickness and its  weight is 

measured  

• The  specimen to be tested are  kept immersed in water 

bath maintained at 60‧c±1‧c for about 30-40min.  

 

  

                     Figure 1. Marshall drop hammers. 

 

The standard Marshall method sample preparation procedure is 

contained in: AASHTO T 245: Resistance to Plastic Flow of 

Bituminous Mixtures Using the Marshall Apparatus 

• The Marshall stability and flow test provides the 

performance prediction measure for the Marshall mix 

design method. The stability portion of the test 

measures the maximum load supported by the test 

specimen at a loading rate of 50.8 mm/minute (2 

inches/minute). Basically, the load is increased until it 

reaches a maximum then when the load just begins to 

decrease, the loading is stopped and the maximum load 

is recorded. 

• During the loading, an attached dial gauge measures the 

specimen’s plastic flow as a result of the loading (Figure 

2). The flow value is recorded in 0.25 mm (0.01 inch) 

increments at the same time the maximum load is recorded 

 

            

fig2.Marshall stability testing apparatus. 

 

              One standard Marshall mix design procedure is: 

Density and Voids Analysis 

All mix design methods use density and voids to 

determine basic HMA physical characteristics. Two 

different measures of densities are typically taken: 

1. Bulk specific gravity (Gmb). 

2. Theoretical maximum specific gravity ( Gmm). 

These densities are then used to calculate the 

volumetric parameters of the HMA. Measured void 

expressions are usually: 

• Air voids (Va), sometimes expressed as voids in 

the total mix (VTM) 

• Voids in the mineral aggregate (VMA) 

• Voids filled with asphalt (VFA) 

             Generally, these values must meet local or State criteria. 

Design Requirements of Bituminous Mixes 

for pavement layers (as per MORTH) 

1. Marshall stability value, kg(min)=900 

2. Marshall flow value, mm units=2-4 

3. Air voids in total mix, Vv%=3-6 

4. Voids filled with bitumen, VFB%=65-75 

5. Voids in Mineral Aggregates, VMA% should fulfill the 

following requirements. 

Nominal max size of 

the aggregates in the 

mix, 

Min VMA% for design 

air voids of 3-5% in the 

mix 

12.5 

19,0 

25.0 

37.5 

13-15 

12-14 

11-13 

10-12 

                     Table -5 
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Marshall Stability Test 

Bitumen 

content% 

Total air 

voids(Vv%) 

Voids filled 

with mineral 

aggregates 

VMA% 

Voids 

filled with 

bitumen 

VFB% 

4.0 3.38 12.791 73.575 

4.5 2.2 12.788 82.796 

5.0 0.99 12.75 92.235 

5.5 - 12.94 - 

6..0 - 14.11 - 

selection of Optimum Bitumen Binder Content 

The optimum asphalt binder content is finally selected 

based on the combined results of Marshall stability and flow, 

density analysis and void analysis (Figure 3).  Optimum 

asphalt binder content can be arrived at in the following 

procedure: 

1. Plot the following graphs: 

o Asphalt binder content vs. density.  Density 

will generally increase with increasing 

asphalt content, reach a maximum, then 

decrease.  Peak density usually occurs at a 

higher asphalt binder content than peak 

stability. 

o Asphalt binder content vs. Marshall 

stability.  This should follow one of two 

trends: 

o * Stability increases with increasing asphalt 

binder content, reaches a peak, then 

decreases. 

o * Stability decreases with increasing asphalt 

binder content and does not show a 

peak.  This curve is common for some 

recycled HMA mixtures. 

o Asphalt binder content vs. flow. 

o Asphalt binder content vs. air voids.  Percent 

air voids should decrease with increasing 

asphalt binder content. 

o Asphalt binder content vs. VMA.  Percent 

VMA should decrease with increasing 

asphalt binder content, reach a minimum, 

then increase. 

o Asphalt binder content vs. VFA.  Percent VFA 

increases with increasing asphalt binder content. 

Determine the asphalt binder content that 

corresponds to the specifications median air void 

content (typically this is  This is the optimum asphalt 

binder content. 

2. Determine properties at this optimum asphalt binder 

content by referring to the plots.  Compare each of 

these values against specification values and if all are 

within specification, then the preceding optimum 

asphalt binder content is satisfactory.  Otherwise, if 

any of these properties is outside the specification 

range the mixture should be redesigned. 

 

 

 

 

Marshall properties at optimum binder content 

Marshall 

properties 

 Results of BC    

grade -I 

Standard 

specification as 

per MORTH 

Optimum 

Binder 

Content% 

4.83% Min4.5% 

Stability(kg) 

12.93KN 9KN 

Flow 

value(mm) 

3.73 mm 2 to 4mm 

Bulk 

dsity(g/cc) 

2.145g/cc      - 

Air 

voids(Vv) 

3.5 3 to 6 

VMA(%) 

21.87 % Min 12.5% 

VFB(%) 

68.1 % 65 to 75% 
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 CONCLUSION 

 

On the basis of the results of this project work the following 

conclusions can be drawn: 

➢ Results of physical properties of the aggregates used 

in this study were tested and are    presented in table-

2 and test results are satisfying the requirements as 

per Table 500-8 of MoRTH(IV revision) 

specifications. 

➢ The physical properties of the plain binder used for 

this study was tested and are presented in table-3 

respectively and test results are satisfying the 

requirements as per IS: 73-2002 for plain Bitumen. 

➢ For Marshall mix design ,optimum bitumen content 

was 4.83% per BC mix and it was meeting the 

requirement as per the MORTH specifications table 

500-11. 
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Abstract -Breathe brick is a masonry system that 

filters the polluted outdoor air to improve the 

indoor air quality. This system does not use any 

filtration technique for separating suspended 

particles. The air itself creates the filtration 

effect. The brick is modified to have a faceted 

shape to direct the airflow into the brick. The 

pressure and temperature differentials are 

considered for directing the particle-laden air to 

the brick. Cyclonic separator, which is the 

cheapest and efficient type of separator is 

adopted as the major component of breath brick. 

The efficiency of cyclonic separator depends on 

particle size and velocity. It shows 70-80% 

efficiency in solid separation, if the fluid contains 

large number of solid particles the separation 

efficiency exceeds 99%. The existence of life on 

earth is impossible without air. The quality of air 

is an important factor, which requires special 

consideration in the current scenario. 

Degradation of air quality leads to many 

problems that affect humans as well as 

environment.  

INTRODUCTION 

Air has been source for our living planting to 

breathe. It is the mixture of gases that fills the 

atmosphere and gives life to plants and animals. But 

when the air is being polluted it affects larger 

proportion of our living system. Filtration of the 

breathing air has become important for the comfort 

and safety of the people inside the buildings. 

 

Breathe brick 

 By the effective utilization of technical knowledge, 

the pollution can be prevented in greater extent. 

Commercial structures such as office buildings often 

have heating and air conditioning systems that pull 

in the air from outside the building.  

Most single-family homes and many apartment 

buildings have no such air filtration systems, as 

outside air is introduced through screen windows 

which may block insect from screens. But it may be 

exposed to dust which may cause allergies. To 

prevent that these, breath bricks are introduced to the 

exterior walls of the buildings. It has a cyclone 

separator technique which separates solid particles 

from gases hence air will healthier to breathe. Hence 

this type of systems is very helpful for average 

income families living in city Centre. If this system 

is effectively taken into usage more people will be 

benefitted especially in India region where cities like 

Delhi are prone to air pollution, so people can easily 

afford since it doesn’t require electricity or other 

major energies to operate. Air filtration for domestic 

dwellings are usually carried out by pleated’’ flow 

through filter’’ system. 

PRESENT SCENARIO OF BREATHING WALL 

The countries located closer to equator have 

inherited problem of hotter climates. They also 

receive comparatively lesser rainfall. Geographical 

context and rich or poor in the economic prosperity 

framework. Changing climate resulting in global 

warming arising from extensive and uncontrollable 

use of fossil fuel has considerably magnified the 

thermal comfort problem. In winters, it is intensely 

cold and summers are intense too making newer 

hottest. The records every year passing says that, oil 

producing countries may be able to provide cheaper 

fuel to their citizens but the countries that must 

import fuel for energy are facing increasing energy 

cost thereby a difficulty to provide a comfortable 

living environment for their inhabitants. It is worth 

mentioning that extreme climates have resulted in 

many deaths all over the planet Earth. Many die due 

to lack of heating and many due to in sufficient 

cooling. Economic activity relationship is adversely 

affected by increasing fossil fuel prices. This aspect 

alone is forcing the poor communities to switch to 

alternate methods of making homes comfortable. 

Cost of energy and carbon footprint are increasing in 

the construction industry in manufacturing 

construction materials like steel, cement, glass, 

plastics and other numerous supplementary and 

complementary building materials etc. A quick look 

in the supply chain will show that before the building 

materials reach the site, much of fossil fuel energy 

has  used and consequent carbon has been produced. 
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METHODOLOGY 

 

Collection of materials 

The materials of these bricks are properly collected 

from the available areas and also shops. 

Batching of materials 

Measurement of materials for making brick is called 

batching. After collection of materials, we separate 

and remove any other waste presented in the 

collected material and check that any water content 

in sample collected. 

Mixing 

Mixing of materials is essential for the production of 

uniform and strength for brick. The mixing has to be 

ensure that the mass becomes homogeneous, 

uniform in color and consistency. Generally, there 

are two types of mixing, Hand mixing and 

mechanical mixing. In this project, we adopted hand 

mixing. Until the entire lime content required for 

water added. 

Moulding 

After completion of proper mixing we place mix into 

required mould. In these projects we use the 

different brick sizes(15x15x4 cm). After 2 days 

remove the brick from the mould and then done 

curing. 

Burning 

The test specimens after moulding were allowed to 

dry for a period of 24 hours. The specimens were 

kept in burning at 120oC and a period of 8 hours.  
 

BASIC TESTS ON LIME 

1. VISUAL TEST: It is performed from the physical 
appearance of a lime. If the lime colour is off white 

then the lime is class A lime or hydrated lime.If the 

is slightly clear than off white then it is class B 

lime. If the colour is perfectly white then the lime is 

class C lime or fat lime. 

2. BALL TEST: In a ball test, water is added in lime 

and stiff lime is formed. Then from stiff lime a ball 

of about 40mm diameter are made and kept as it is 

for 6 hours the undisturbed ball are kept in a basin 

of water. If there is slow expansion and slow 

disintegration of ball within a minute then it show 

class C lime.If there is very small or no expansion 

and numerous crack then it indicates class B lime. If 

it remains in its shape and ball crack then the lime is 

class A.   

3. SOUNDNESS TEST: Aim of the soundness test 

is to find disintegration or unsoundness of the 

lime. It is performed using Le Chatelier’s apparatus 

where lime is properly tested. Cement, hydrated 

lime and sand is thoroughly mixed in the proportion 

of 1:3:12 and then this mix is filled in a cylinder of 

a Le Chatelier’s apparatus. Cylinder is covered by a 

glass plate and kept for 1 hour and the distance 

between the two ends of indicator is properly 

measured and noted. This apparatus is kept for 48 

hours in damp air and then kept for 3 hours in steam. 

Then the temperature is cooled down to room 

temperature, The distance of the two end of indicator 

is again measured and noted down. The distance 

between the two distances is found out and it should 

not be more than 10mm. 

MIX DESIGN 

 

In order to find the breathe bricks that they possess 

high compressive strength with various mix 

proportions are made and they are tested on 

compressive testing machine (CTM). The mix 

proportions of the breathe bricks are as follows: 

 

Table no-1: Mix Proportion 

 

 

S. 

No 

 

LIME 

(Kg) 

 

WHITE 

CEMENT 

(g) 

 

CALCIUM 

NITRATE 

(g) 

 

C2H6O2 

(ml) 

 

WATER 

(%) 

1 0.5 50 50 50 250 

2 0.5 100 50 100 300 

3 0.5 150 50 150 350 

 

The polluted air enters the breath brick unit via 

coupler. The air moves through the baffles to reach 

the cyclonic chamber. The cyclonic separator with a 

cylindrical upper part(barrel) and conical lower part 

admits the particle laden air tangentially through the 

top of barrel. The air induces a swirling motion when 

it reaches the chamber. The inertial force of the gas 

particles gets transformed to centrifugal force by 

means of vortex generated by the swirling effect of 

the particles. 

 

 

Sample No. 

 

Lime 

Percentage 

 

Water 

Absorption % 

1 0 0.2 

2 5 0.12 

3 10 0.11 

4 15 0.009 

5 20 0.0073 
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As the diameter of cone decreases the velocity of 

flow of particles increases, which results in increase 

in centrifugal force. When the particle hits the wall 

of separator the particle losses their energy and falls 

down due to gravitational force.  The density of air 

get reduced as the particle is separated from the air. 

As a result the purified air moves towards the barrel 

by forming inner vortex and it is released from the 

breathe brick unit. The dust particles move through 

the dust collector shaft and it finally reaches the 

collection hopper kept at the bottom of wall. The 

hopper is cleaned periodically by sweeping or 

vacuuming. 

 

Aerodynamics of Breathe Brick 

 

RESULTS 

Table no-2: Compressive Strength Test 

 

Sample No. 

 

Normal Brick 

Strength 

 

Breathe brick 

Compressive 

strength (N/mm2) 

1 3.5 3.1 

2 3.5 3.1 

3 3.5 3.3 

4 3.5 3.3 

5 3.5 3.3 

                                                                                                      

Table no.3: Water Absorption test 

 

 

 

Chart -1: Compressive strength test  
 

 

 Chart – 2: Water absorption test  
 

CONCLUSION 

The compressive strength of these brick is equal to 

ordinary brick. The water absorption is better than 

normal brick. And the other tests like efflorescence, 

Hardness, Soundness etc., gives the same result. The 

Breath brick is a capable of capturing dust particles 

at a variety of pressure, temperature and velocity of 

air. The applications of this in those building 

systems would be in the locations where the 

currently no air filtration is used, and the removal of 

dust particles without an output of fossil fuel energy 

.Encouraged to create beauty in their dwellings, the 

chances of the surviving is improved .Enables 

natural Ventilation with improved indoor air quality 

.Environmentally friendly architecture that turns a 

building into its own air filter. 
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Abstract— Bengaluru population has been growing at a 

rate of 3.25% per year in the last decade. There has been a 

phenomenal growth in the population of vehicles as well 

especially the two and four wheelers in this period due to 

rising household incomes. The number of motor vehicles 

registered has already crossed 36 Lakhs. In the absence of 

adequate public transport system, people are using the 

personalized modes which is not only leading to congestion 

on limited road network but also increasing environmental 

pollution. An average citizen of Bengaluru spends more than 

240 hours stuck in traffic every year. Such delays result in 

loss of productivity, reduced air quality, reduced quality of 

life, and increased costs for services and goods. Road 

network capacity is inadequate. Most of the major roads are 

with four lane or less with limited scope of their widening.  

There are many high-density corridors in and across the 

Bengaluru city in which the commission has allocated to 

study the stretch of Tumkur road corridor to Gorguntepalya 

(Via Sangolli Rayanna circle, Okalipuram, Sujatha Talkies, 

Dr. Rajkumar Road, Sandal soap factory, Yeshwanthpur 

railway station, RMC Yard) which is an 9km Stretch. 

 

Keywords— Traffic congestion, road capacity, Geometric 

Features.   

 
I. INTRODUCTION  

There are social, convenience, economic, and environmental 

benefits of living in places of higher density if they are 

designed to be mixed-use, walkable, and pedestrian scale. 

Higher density is critical for creating lively places with 

many services. It allows for beautiful public spaces, for lots 

of people walking, low car use, and makes life opportune 

and enjoyable by providing many amenities within close 

proximity of each other. Having a number of good corner 

stores, restaurants, cafes, and other personal services within 

walking distance of most homes delivers a higher quality of 

life to all residents of a town or city. Increased density 

greatly reduces driving, traffic congestion, and huge 

amounts of air pollution that come with it. Nationally, there 

is a growing consumer preference for places of higher 

density providing desired urban facilities. 

The people who lived in villages had started to move to big 

cities in search of jobs. So the cities became denser. With 

increasing immigration, the quality of life in the city started 

to degrade and environmental pollution increased. The cities 

gradually became too dense and the price of land increased. 

A greater concern was the lack of necessary infrastructure to 

support the densities that occurred. Once this happened, 

people started to move outside of cities for their housing 

although they needed to be close to cities to work in 

factories. Traffic volume is the number of vehicles passing a 

given stretch of road or traffic lane in per unit time. Traffic 

volume studies are executed to determine the count, 

movement and classification of roadway vehicles at a given 

site so as to become attentive of the peak hours of the day 

when the traffic volume is highest on the road. India’s 

traffic is heterogeneous in nature and varies continuously 

during 24 hours of duration in a day. This tends to raise 

problem like congestion of traffic responsible for increase 

accidental condition during peak hours so it is necessary to 

study the junction between the moving vehicles over an 

extensive array of roadway and traffic conditions. Traffic 

volume study also considers traffic safety by examining 

sites of roadways with high accidental rate and developing 

countermeasure to reduce crashes and accidents. In Traffic 

volume study Heterogeneous traffic has been addressed by 

exchanging the different types of vehicles into equivalent 

passenger cars and expressing the volume in terms of 

Passenger Car Unit (PCU) per hour. The PCU is the 

universally adopted unit for measurement of traffic volume, 

derived by taking the passenger car as the standard vehicle. 

Traffic volume study which include traffic stream, flow rate, 

direction distribution, peak hour flow and annual average 

daily traffic (AADT) provide input for planning, design and 

operation of highway in maximum of the industrialized 

countries. If traffic volume isn’t measured continuously 

transportation system may miscarry to manage and 

additionally face a difficulty of traffic jam and accidental 

proven conditions. As per report of world health 

organization report 2018 number of yearly road traffic death 

reached to 1.35. Road traffic injuries are now the leading 

killer of people aged 5-30 years. As per media statistics, in 

India one person dies in a road accident every four minutes. 

The main reasons for India’s high percentage of on- road 

defect are bad road conditions, careless user behavior, 

defective road planning and designing, poor control of 
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traffic rules and emergency services. After all the surveys 

and observations solution and suggestions are provided for 

better traffic condition and safeguard of users for smooth 

functioning of transportation system and conquer future 

requirement. 

 

II. LITERATURE REVIEW 

  

Birva B. Shah, Prof. N. G. Raval (2016) [1]  

Concluded that Estimation of traffic volume is fundamental 

to planning, design and operation of the roads. It helps in 

improving new and existing transportation facilities for safe 

and time efficient movement of vehicle on roads. In their 

studies, they found out the suggested traffic volume capacity 

by Indian road congress (IRC) is nearly 16% less that the 

observed at C.G. Road of Ahmadabad city. Due to 

urbanization and increased population traffic is increased 

rapidly in the urban area which is highly dynamic in 

composition. They suggest, design service volumes are 

required to update in the highly congested cities which At 

this level, will be around 0.7 times the maximum traffic 

volume required for design of road.  

 

Hall & Pendleton (1990) [2]  

Examined the connection between hourly crash rates and 

also the ratio of traffic volume to capacity on rural 

highways. They found that the speed of traffic crashes on 

roadway sections increases with increasing traffic volume. 

However, data which was needed in order to support this 

relationship were highly scattered. According to the authors, 

the idea of a relationship between traffic crash rates and 

traffic volume is valid but the exact nature of the connection 

is unknown.  

 

Ashish Dhamaniya & S. Chandra (2013) [3]  

Mixed traffic flow is transformed to equivalent flow in 

passenger car units (PCUs). These PCU values are utilized 

to convert highly dynamic traffic volume to homogeneous 

volume in PCU per hour. New concept of stream 

equivalency factor (SEF) is presented in this study and 

denoted by K. It is the ratio of traffic volume in PCU to 

volume in vehicles per hour which related to traffic 

composition and volume on a road and study through the 

regression analysis method. A micro simulation program is 

used to generate the traffic flow data for various categories 

of vehicles in the traffic stream used to present a generalized 

solution for defining the value of K for any combination of 

traffic composition and volume on a road.  

 

Nabanita Roy, Rupali Roy, Hitesh Talukdar & Pritam Saha 

(2017) [4]  

These research focus on how heterogeneity in traffic mix 

affect on two-lane road traffic. It examine the effects of such 

traffic on capacity, traffic flow characteristic and factors 

affecting it. Here, traffic flow characteristics equation 

developed using green shield modal which show capacity 

and free-flow speed changes with the traffic composition 

and largely affected by the presence of low performance 

vehicles including non-motorized ones. It clarifies the 

requirement of announcing the concept of dynamic 

passenger car unit which would lighten the current 

implication on capacity standards of two-lane roads under 

heterogeneous mixed traffic. 

 

Pothula sanyasi Naidu, Gundu Navya, Chukka Deepika, 

Mahesh Yamala [5]  

This research presents important features of capacity 

evaluation for road designing by using PCE In place of 

PCU. Utilization of Mathematical model is done by using 

IRC specifications and regression analysis is performed for 

obtaining capacity values of traffic flow on road. Relations 

between traffic volume and geometric cross section of road 

are identified, which derives the capacity effecting zones. 

This relation helps in studying variation in capacity with 

respect to various widths of road elements. Impact of 

geometrics and road elements on capacity is measured and 

capacity is derived on the basis of PCE and road geometric 

factors, which results inaccurate prevailing road capacities.  

 

Sai Kiran M. & Ashish Verma [6]  

The primary objective of this research is to review on 

various mixed traffic characteristics in developing 

economies, identify their limitations and supply guidelines 

for the long run research. Also, a detailed methodology of 

the simulation process for the mixed traffic is given, 

reflecting the ‘‘gap- filling’’ instead of the traditional ‘‘car-

following’’ behavior. A comparison of the past modelling 

approaches is additionally presented and therefore the 

accuracy of their implementation is discussed. 

 

Joseph. O. Ukpata, Anderson A. Etika, et al.,[7]  

Their study has highlighted some remedies to improve 

traffic congestion in Nigeria. Good road network, 

encouragement of mass transport system, proper traffic 

planning/management, regular road maintenance, 

construction of interchanges and regular education of road 

users are among the recommendations to reduce traffic 

congestions. The various state governments controlling most 

of these cities affected by congestion should encourage the 

use of reliable mass transit buses to reduce the number of 

vehicles on their urban roads. Proper and consistent bus 

stops which are not too far apart should be sited across each 

city, including provisions for enforcing compliance by bus 

drivers. The Federal and State governments should initiate 

plans for the introduction of other forms of urban 

transportation such as Metro and Trains which supports 

mass movement of people.  

 

Olusina, J.O. and Samson, A.P., et al., [8] 

Studied that Traffic congestion always have negative effects 

on lives and environment. This work has been directed at 

identifying causes of congestion on some selected routes in 

Lagos Metropolis. Questionnaires were administered. 

Results revealed that bad access road is the highest cause of 

traffic congestion, and that cars are the highest mode of 

transportation. For Recurrent Congestion the data on traffic 
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volume were used to develop a generalized polynomial of n 

order. From the generalized model, a response (dependent) 

variable y for any route can be determined for any predictor 

(independent) variable x. Spatial queries of the various 

volume of traffic on these roads revealed more routes are 

congested between 7.00 – 8.00hrs in the morning peak 

period and between 16.00 – 17.00hrs and 18.00 – 19.00hrs 

in the evening peak period. 

  

Babitha Elizabeth Philip, Jaseela K. H, et al., [9] 

Stated that Traffic congestion is a serious problem facing 

today. The causes, effects and solutions of traffic congestion 

vary according to the location. In this paper a model is 

developed to eliminate the traffic congestion to a 

considerable extent. Different samples are selected for the 

study and traffic survey was conducted. From the survey 

data, it was analyzed whether the selected samples are 

congested or not and hence the samples were finalized. A 

study on traffic congestion was conducted. The general 

causes, effects and solutions for the traffic congestion were 

discussed. The model as a solution for traffic congestion and 

to obtain an efficient movement of traffic was developed. 

The model for a straight link is developed in this paper.  

 

Dr. Benjamin O. Uwadiegwu, et al., [10] 

Stated that Traffic problems along route ways in Nigerian 

cities cannot be adequately addressed without proper 

identification of the factors responsible for the problem. For 

the purpose of identifying factors responsible for traffic 

congestion along city roads in Nigeria, 20 variables 

organized into 4 factors suspected to be relevant factors 

were articulated in a questionnaire. Relative Factor Index 

(RFI) for the 230 respondents across their responses was 

computed which yielded variable loadings which determined 

the relevant factors. Factors identified include physical, 

technical, land use and human factors. Some management 

measures were recommended which include improvement in 

terminal facilities, land use relocation, traffic education and 

traffic personnel improvement. Apart from making reference 

to some secondary sources, data for this study were mainly 

primary in origin. Two major methods were adopted for data 

sourcing. This includes fieldwork and questionnaire 

administration.  

 

Saleem-ullahLar, Xiaofeng Liao and SongtaoGuo, et al.,[11] 

Stated that TCP steady-state Performance is affected by the 

congestion in the network and to select an appropriate data 

for the available capacity (bottle-neck link) is an open issue. 

This congestion is mainly arises when a large amount of 

flow (FTP transaction) is to be sent. The aim of this paper is 

to solve these issues up to the maximum level using 

simulation approach in already defined algorithms. The 

simulation result shows that the proposed schema can 

achieve higher throughput and lower delay, full and always 

link utilization with minor packet loss which will be 

controlled by using some TCP New Reno already defined 

mechanism and modifying slow start and congestion 

avoidance algorithms.  

 

Amudapuram Mohan Rao1, KalagaRamachandra Rao, et 

al.,[12] 

published a CRRI journal Congestion - both in perception 

and in reality - impacts the movement of people. Traffic 

congestion wastes time, energy and causes pollution. There 

are broadly two factors, which effect the congestion; (a) 

micro-level factors (b) macro-level factor. That relate to 

overall demand for road use. Congestion is ‘triggered’ at the 

‘micro’ level (e.g., on the road), and ‘driven’ at the ‘macro’ 

level. The micro level factors are, for example, many people 

want to move at the same time, too many vehicles for 

limited road space. On the other side, macro level factors are 

e.g., land-use patterns, car ownership trends, regional 

economic dynamics, etc. This paper gives an overview and 

presents the possible ways to identify and measure metrics 

for urban arterial congestion. 

 

Prof.Gopal R. Patil, et al.,[13]  

Studied They studied the traffic flow entering and leaving 

the IIT Bombay campus, a traffic volume count survey was 

conducted on 29th January 2015. A classified traffic volume 

count survey was performed at all three gates (Main gate, 

Market gate and lakeside gate) IIT Bombay campus from 7 

AM to 10 PM. Classified volume count survey was also 

conducted at many locations inside IIT Bombay from 7:00 

AM to 11:00 AM. 

 
III. METHODOLGY  

A. Selection of Route 

High-density corridors in and across the Bengaluru city in 

which the commission has allocated to study the stretch of 

Tumkur Road corridor to Gorguntepalya (Via Sangolli 

Rayanna circle, Okalipuram, Sujatha Talkies, Dr. Rajkumar 

Road, Sandal soap factory, Yeshwanthpur railway station, 

RMC Yard) which is an 9km Stretch. 

 
Fig 1: Selection of Route  

B. Selection of Junctions  

The Junctions were selected based on the Place where 

amount of traffic volume & Congestion is more and 

the studied information of every junction is noted 

below. 
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The information of each and every junction is collected 

from the traffic police who were taking care of traffic 

signal and the residence of the area and the shops in the 

study area. 

Shantala Junction 

KSR Railway station 

Sangolli Rayanna Circle (Towards Okalipuram) 

Okalipuram Bus stand and signal 

Sujatha Talkies 

Dr. Rajkumar Road 

Sandal Soap factory 

Yeshwanthpur Railway station 

RMC yard 

Goraguntepalaya 

     

C. Data Type, Geometric Features and Remarks  

 

SL 

NO DATA TYPE MEASUREMENTS REMARKS 

1 WIDTH OF THE 

ROAD 

29m 

Width of road has to be 

increased in order to 

avoid congestion. 

2 CONDITION OF 

THE ROAD 

Moder

ate 

Condition of road is 

Moderate, but still some 

potholes are present. 

3 FOOTPATH 2.9m 

Footpath as variable 

width and encroachment 

of foot path can be seen 

throughout the stretch. 

4 PARKING - 

Since the parking is not 

provided vehicles are 

parked at the side of the 

can be seen. 

5 NO OF 

INTERSECTIONS 

1 

Proper Traffic signals 

and traffic signs are being 

provided. 

6 
BUS BAYS 

Not present 
No separate lane for 

buses. 

7 PEDESTRAIN 

MOVEMENT 

Heavy  

8 
SPEED BRAKERS 

- 

No speed breaker 

provided. There is need of 

speed breakers. 

9 
NOISE LEVEL 

75Db Noise level is moderate. 

 

 

 

 

 

 

 

 
    

 Fig 2A: Manhole at varying heights                Fig 2B: Footpath encroachment 

 with respect to road surface  

  

SL 

NO DATA TYPE MEASURMENTS REMARKS 

1 

 

WIDTH OF 

THE ROAD 
3.5m 

No need of increase of 

width of road. 

 

2 

 

CONDITION 
OF THE 

ROAD 
Under construction 

Proper width is provided 

at junction but after this 

continuation road width is 

very less that is around 

only 18mt. 

 

3 FOOTPATH - 

Due to the construction 

of road, carriage way 

width as reduced resulting 

in no footpath. 

4 

 

PARKING 
- 

No parking facilities 

available. 

5 

NO OF 

INTERSECTI
ONS 

- 

As per the plan of 

government, construction 

of road is done to make a 
signal free. 

6 
BUS BAYS -  

7 

PEDESTRAIN 

MOVEMENT - 
No pedestrian movement 

can be observed. 

8 

SPEED 

BRAKERS 
- No speed breaker available. 

9 

NOISE 

LEVEL 72Db Noise level is moderate. 

 

Fig 3A: Potholes              Fig 3B: Construction in Progress               

 
 

➢ Road construction started 4 years ago but not yet 

completed. There is a very slow progress in 

construction. 

➢ Traffic umbrella has deteriorated. maintenance 

required. 

➢ Medians are properly placed 

➢ In some stretch a speed breaker sign is provided 

but no speed breaker present 
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SL 

NO 
DATA TYPE MEASURMENTS REMARKS 

1 
WIDTH OF 

THE ROAD 
24m 

No need of increase 

of width of road. 

 

2 

 

CONDITION 

OF THE 

ROAD 

 

Moderate 

Construction of road 

can be observed with 

width 7m on one side 

road. Potholes can see. 

3 FOOTPATH 3.2m 
Good condition of foot 

path 

4 PARKING 
No parking facilities 

can seen 
 

 

 

5 

NO OF 

INTERSECTIO

NS 

 

 

1 

Road markings not 

provided and traffic 

signals are not design to 

resist the heavy traffic, 

use Webster’s method of 

signals system. 

 

6 

BUS 

BAYS 

 

Not present 

No separate bus lane 

is provided. Bus stop 

shelter is also not 

provided. 

7 
PEDESTRAIN 

MOVEMENT 
Moderate 

Sky walk or 

underpass must be 

provided. 

8 
SPEED 

BRAKERS 
No speed breaker 

There is no need of speed 

breaker. 

9 NOISE LEVEL 86Db Noise level is moderate. 

 

 
Fig 4: Poor condition road fully deteriorated 

 

➢ Any break down of single vehicle causes heavy road 

congestion 

➢ In an 8mt lane width on one side around 2 to 3m of the 

road is used for parking. This is one of the major 

drawbacks of the road which causes delay. 

➢ Foot path encroachment can be clearly seen due to 

presence of petty shops and construction work materials 

on poured hence pedestrians cannot walk safely. 

➢ No umbrellas are provided for the traffic police 

➢ There is a need of road markings and road signs 

throughout the stretch. 

➢ As information’s collected from the road users in the 

stretch, we have noticed there are many accident 

blackspots throughout they have be clearly studied and 

remedial measures need to be given. 
 

 

 

SL 

NO 
DATA TYPE MEASURMENTS REMARKS 

1 

 

WIDTH OF THE 

ROAD 

28mt 
No need of increase of 

width of road. 

2 

 

CONDITION OF THE 

ROAD 

Good 

Condition is good but 

some undulations are 

present 

 

3 

 

FOOTPATH 

 

2m 

Width may need to be 

increased if the pedestrian 

movement is observed 

4 PARKING Available  

5 
NO OF 

INTERSECTIONS 
Nil  

6 BUS BAYS Good  

7 
PEDESTRAIN 

MOVEMENT 
Moderate No need of sky walker 

8 SPEED BRAKERS Not present 

Speed brakers are required 

because of falling gradient 

in road. 

9 NOISE LEVEL 73.2Db Noise level is moderate. 

 

 

 
 

                    Fig 5: No Footpath 

 

SL NO 
DATA TYPE MEASURMENTS REMARKS 

1 

 

WIDTH OF 

THE ROAD 
16mt Width must be increased 

2 

 

CONDITION 

OF THE 

ROAD 
Poor 

At Some places potholes 

and undulations are 

present 

 

3 

 

FOOTPATH 

 

3.5m 

Condition is bad width 

is not uniform 

throughout and at some 

places it is in under 

construction 

 

4 

 

 

PARKING 

 

Not available 

Parking on streets is 

clearly visible hence 

increases the 

congestion. 

Particular sign boards 

should be provided. 
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5 

 

NO OF 

INTERSECTIONS 

 

4 

More than 4 

intersections are clearly 

visible and proper road 

markings are not 

specified 

6 
 

BUS BAYS 
Not present 

Bus enters into normal 

lane which causes delay 

7 
PEDESTRAIN 
MOVEMENT 

Heavy/Moderate 

Zebra crossing and 

walk signal needs 

to be Provided. 

8 SPEED BRAKERS Not required - 

9 NOISE LEVEL 78Db Noise level is moderate. 

 

 
Fig 6: Breakdown of any single causing congestion  

 
Fig 7: Parking of vehicles along Rajkumar road 

➢ Any break down of single vehicle causes heavy road 

congestion 

➢ In an 8mt lane width on one side around 2 to 3m of the 

road is used for parking. This is one of the major 

drawbacks of the road which causes delay. 

➢ Foot path encroachment can be clearly seen due to 

presence of petty shops and construction work materials 

on poured hence pedestrians cannot walk safely. 

➢ No umbrellas are provided for the traffic police 

➢ There is an need of road markings and road signs 

throughout the stretch. 

➢ As information’s collected from the road users in the 

stretch, we have noticed there are many accident 

blackspots throughout they have be clearly studied and 

remedial measures need to be given. 

 

 

 

SL 

NO 
DATA TYPE MEASURMENTS REMARKS 

1 

 

WIDTH OF THE 

ROAD 

30m 
Width is not uniform 

throughout 

2 

 

CONDITION OF THE 

ROAD 

Bad 

Presence of potholes is 

more and proper alignment 

is not done 

 

3 

 

FOOTPATH 

 

2-3m 

Footpath is not uniform 

throughout and it is worn 

out at some places 

4 
 

PARKING 
Not provided 

Cars and 2-wheelers are 

parked on road side which 

causes congestion 

5 

 

NO OF 

INTERSECTIONS 

3 
Markings should be 

provided 

6 
 

BUS BAYS 
Present 

Bus stop signs must be 

provided at stop. 

7 PEDESTRAIN 

MOVEMENT 

High Sky walker is under 

construction 

8 SPEED BREAKERS Present Speed breakers are present 

wherever needed. 

9 NOISE LEVEL 70Db Noise level is moderate. 

 

 
Fig 8: Road under construction, no road marking 

 

SL 

NO 
DATA TYPE 

MEASURMENT

S 
REMARKS 

1 

 

WIDTH OF 

THE ROAD 

42m including 

service road 
No need for increased width. 

2 

 

CONDITION 

OF THE 

ROAD 

Moderate 
Potholes are present and 

undulations can be seen 

3 
 

FOOTPATH 
3m 

Not in good condition and it is worn 

out at some places 

 

4 

 

PARKING 

 

Absent 

Vehicles are parked on road side 

causes delay and congestion proper 

sign board must be implemented 

5 

 

NO OF 

INTERSECTIO

NS 

- - 

6 
 

BUS BAYS 
Present - 

7 
PEDESTRAIN 

MOVEMENT 
Moderate Sky walker are present. 
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8 
SPEED 

BRAKERS 
Not present Not required 

9 NOISE LEVEL 85Db Noise level is moderate. 

 

 
Fig 9: No proper median and parking on road 

 
SL NO DATA TYPE MEASURMENTS REMARKS 

1 

 

WIDTH OF 

THE ROAD 

3.4m 
Width is not uniform 

throughout 

2 

 

CONDITION 

OF THE 

ROAD 

moderate 
Potholes and 

undulations are more. 

3 
 

FOOTPATH 
Absent 

Footpath must be 

provided as pedestrian 

movement is high 

 

4 

 

PARKING 

 

Absent 

All trucks and heavy 

loaded vehicles are 

parked in the street 

which causes 

congestion 

5 

 

NO OF 

INTERSECTI

ONS 

- - 

6 
 

BUS BAYS 
Present 

These are occupied by 

trucks and other 

vehicles 

 

7 

 

PEDESTRAI

N 

MOVEMENT 

High 

Footpath should be 

provided and sky 

walker is necessary as 

market is present. 

8 
SPEED 

BRAKERS 
Absent - 

9 
NOISE 

LEVEL 
80Db 

Noise level is 

moderate. 

 

 

 

Fig 10: Truck parking on road side and their movement in 

RMC yard 

 

SL 

NO 

DATA 

TYPE 

MEASURM

ENTS 
REMARKS 

1 

WIDTH OF 

THE ROAD 36m 

Width needs to increased due to 

the congestion in peak hours. 

2 

CONDITION 

OF THE ROAD Moderate 

Potholes everywhere can be 

observed. 

3 

 

FOOTPATH 1-3m 

Width is not uniform 

throughout and footpath 

condition is poor. 

4 

 

PARKING Absent 

Vehicles are parked at 

road side which causes 

traffic congestion. 

 

5 

NO OF 

INTERSECTIO
NS 

 

3 

Proper markings and sign 

boards not present and 

Traffic signal time must be 

altered. 

 

6 

 
BUS BAYS 

 

Present 

But Trucks and heavy 

loaded vehicles enter into 

bus lane which causes delay 

and congestion. 

7 
PEDESTRAIN 
MOVEMENT 

High 
No provision of sky walker 

and road markings. 

8 SPEED BRAKERS Absent Required at some places. 

9 NOISE LEVEL 103.7Db 
Noise is very high in this 

junction. 

 

 

               Fig 11: Noise level measured by sound level meter. 

 

IV. CONCLUSION 

 

In this research we have worked on Congestion problem for 

such special areas which have dense traffic density. The 

system works on traffic related problems such as traffic 

jam; un reasonable latency time of stoppage of vehicle, 

emergency vehicles or forcibly passing, etc.., can be solved. 

By using this system configuration, we try to reduce the 

possibilities of traffic jams, caused by traffic lights. 

Number of passing vehicle in the fixed time slot on the road 

decide the density range of traffics and on the basis of 

vehicle density calculation, microcontroller decide the 

traffic light delays. 
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ASTRACT – With depletion of natural resources due to increase in constructional activities, 
the construction industry has found new alternatives to meet the sustainable infrastructural 
requirements. Alternative materials for use in brick has evolved over decades, lately research 
is done in use of black cotton soil in manufacture of bricks. In this study, an attempt as been 
made to manufacture bricks with black cotton soil and their properties are compared with 
red soil bricks. Since the bearing capacity of black cotton soil is moderately less compared to 
red soil, some admixtures like coal powder, lime powder, rice husk powder are added in order 
to increase the compressive strength of bricks. It is seen that a ratio of 92.5% of black cotton 
soil, 2.5% of coal powder, 2.5% of lime powder and 2.5% of rice husk powder has resulted in 
stronger brick. From the results, it can be seen that both compressive strength of bricks made 
up of black cotton soil is stronger compared to the strength of normal bricks.     

___________________________________________________ 

INTRODUCTION 

A brick is a solid block which is used to build 
walls, pavements and other elements in 
masonry construction. The term ‘brick’ 
denotes ‘’block composed of dried clay’’. 
But now, some chemically cured 
construction blocks are used in the place of 
clay. 

Bricks are produced in numerous classes, 
types, materials, sizes, produced in bulk 
quantities, Varies with region and time 
period. 

The process of manufacturing of bricks 
from clay involves preparation of clay, 
molding and then drying and burning of 
bricks in kilns. Bricks are building materials 
which are generally available as 
rectangular blocks. The bricks do not 

require any dressing and brick laying is very 
simple compared to stone masonry.  

A brick is most artefact thing required to 
build walls, pavements and parts of 
masonry construction. Usually, bricks are 
unit stacked along or set as brick work 
along with mortar to build a permanent 
structure. Within the world Asia produces 
87 of the overall production of the brick. 
Brick are the unit generally made in 
common or normal size in bulk quantities 
they need to be considered one in all the 
longest enduring and strongest artefact 
employed in twentieth century. 

What do you know about BLACK COTTON 
SOIL? 

 Black cotton soil has very low 
bearing capacity, high swelling 
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capacity and shrinkage 
characteristics than other soils 
which is used for construction. 

 Black cotton soils are expansible 
soils and are inorganic clays of high 
to medium compressibility. 

 They are highly compressible. 
 It is inorganic clay formed in regions 

having poor drainage conditions. 
 It is mainly known as black cotton 

soil because this soil is most 
suitable for cotton crop.  

 Black cotton soil is basically found 
in MAHARASTRA, SAURASTRA, 
MALWA, MADHYA PRADESH and 
CHATTISHGARH. 
 
Finally, the question is, is it possible 
to manufacture bricks from BLACK 
COTTON SOIL? the answer is YES. 
According to some sources, by 
adding some impurities it is 
possible to manufacture bricks 
from black cotton soil and it is 
cheaper and the manufacture 
procedure will be easier compared 
to normal bricks. 
 

      OBJECTIVES 

 To make an eco-friendly and 
economical brick. 

 Try to increase the compressive 
strength of the brick. 

 Make use of huge amount of black 
cotton soil in local areas. 
 
 

 

         Materials 

 

1. Black cotton soil. 
2. Rice husk. 
3. Coal powder. 
4. Lime powder. 

                    

                   

 
             Fig(i) Black cotton soil  
 

Black cotton soil [fig(i)] is a clayed type of 
soil also known as “EXPANSIVE SOIL”. It has 
very low bearing capacity, high swelling 
and shrinkage characteristics. Hence 
stabilization is needed for this soil before 
subjecting it to any construction purpose. 

 

                                          

 
                  Fig(ii) Rice husk powder 
            
 
 
Rice husk[fig(ii)] is the hard 
protecting coverings of grains of 
rice. In the addition to protecting 
rice during the growing season, rice 
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husk can be put to use as an 
INSULATION material, fertilizer or 
fuel etc. It is used in its powder 
form. 

                                 

 
             Fig (iii) Coal powder 
 
This is the powdered form of 
coal[fig(iii)]. which is created by 
crushing of coal. This is product 
obtained during mining. Coal 
powder is used in concrete. This is 
used to give stability to soil in brick 
manufacture. 
 
                    

 

Fig (iv) Lime powder      

Lime powder[fig(iv)] is obtained by 
calcination of limestone. It has cementing 
capability. It can be used in concrete as 
cementitious material. Lime is used in 
manufacture of cement.   

TESTS CONDUCTED ON BLACK 
COTTON SOIL 

 Specific gravity test 

 Liquid limit test 
 Plastic limit test 
 Standard proctor compaction test 

 
SPECIFIC GRAVITY TEST: 
 
Specific gravity of soil is defined as 
the weight of soil to weight of equal 
volume of water. 
 
It tells how much heavier or lighter 
the material is than the water. This 
test covers the determination of 
specific gravity of soil. 

 
The standard value is 2.65. 

 

             Fig (v) Soil in pycnometer 

 

DETERMINATION TRIAL 1 TRIAL 2 
Weight of 
pycnometer (W1)g 

648 648 

Weight of 
pycnometer + dry 
soil (W2)g 

 
848 

847 

Weight of 
pycnometer + soil 
+ water (W3)g 

 
1600 

 
1659 

Weight of 
pycnometer + 
water (W4)g 

 
1471 

 
1489 

Specific gravity 2.81 2.31 
Average Specific 
Gravity 

2.56  
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             LIQUID LIMIT TEST       

                      Fig (vi) Liquid limit test 

The liquid limit is the moisture content at 
which the soil passes from the plastic 
state to the liquid state as determined by 
the liquid limit test. 

Water 
content 

69.76 70.94 73 74.12 75.5 

 Average water content of soil 72.68                                          

               PLASTIC LIMIT TEST 

 
          Fig (vii) Plastic limit test 
 
The plastic limit is the moisture 
content that defines where the soil 
changes from a semi-solid state to 
the plastic state. 
It may also defined as that water 
content at which soil starts 
crumbling when rolled into threads 
of 3mm dia . 
 
 
 
 
 
 
  
 
 
 

 

 

 

 

 

 

 

 

TRIAL 1 2 3 4 5 
% Water 
added 

20% 25% 30% 35% 40% 

No of 
blows  

34 30 25 22 18 

Empty 
weight of 
container 
(W1) 

33 31 32 36 30 

Weight 
of wet 
soil + 
container 
(W2) 

37.6 33.7 34.38 37.69 33.16 

Weight 
of oven 
soil + 
container 
(W3) 

39.6 34.8 35.2 38.2 34.3 

Weight 
of wet 
soil 

4.6 2.7 2.3 1.6 3.1 

Weight 
of dry 
soil 

6.6 3.8 3.2 2.2 4.3 

DETERMINATION 
NUMBERS 

1 

Container 
number 

28 

Weight of the 
container W1(g) 

30 

Weight of the 
soil + wet soil 
(W2)g 

34.5 

Weight of 
container + oven 
dry + soil (W3) 

33 

Weight of Wet 
soil  

1.5 

Weight of dry 
soil  

3 

Water content  50 
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    STANDARD PROCTOR  
COMPACTION TEST      

Compaction is the application of 
mechanical energy to a soil so as 
to rearrange its particles and 
reduce the void ratio. it is applied 
to improve the properties of an 
existing soil or in the process of 
placing fill such as in the 
construction of embankments, 
road bases runways, earth dams    
 

 
 

 

                                       Water Content  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
METHODOLOGY 
 

 Impurities present in the soil must 
be removed . 

 After removing the impurities, 
lumps should be blended and 
water should be added 
homogeneously. 

 It should be left for 3 days. 
 Admixtures like coal powder, lime 

powder, rice husk powder should 
be added to the soil and it should 
be mixed properly. 

 The mixture should be poured into 
the brick mold. 

 Bricks should be burned in kilns. 

 

        

DETERMINATION  1 2 3 

Mass of mold + 
compacted soil(g)  

6938 7053 7208 

Mass of mold  4554 4554 4554 

Mass of 
compacted soil (g) 

2384 2509 2654 

Bulk Density 
g/cm3 

2.52 2.65 2.81 

Dry density g/cm3 2.14 2.16 2.18 

Container no 34 
 

22 21 

Mass of 
container(W1) 

30 32 29 

Mass of 
container + 

wet soil (W2) 

42.2 41.7 38.4 

Mass of 
Container + 
dry soil (W3) 

40.9 39.5 37.5 

Water 
Content  

11.9 19.6 10.5 
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Fig (ix) Bricks made with black cotton soil  

 

 
     Fig (x) Bricks made with admixtures 

COMPRESSION STRENGTH 
TEST 

 
 

The average compressive strength of brick 
made from black cotton soil is 5.68 N/mm2. 

 

The compressive strength of brick made 
from red soil is 4.25 N/mm2 

 

COMPRESSION STRENGTH CHART: 

 
RESULT AND DISCUSSION: 

 The specific gravity test for the 
black cotton soil is conducted 
according to IS-2720, the standard 
value for black soil lies between 
2.57 to 2.35 respectively, in 
practical laboratory test we 
obtained the value of 2.56, hence 
the results are within the limits and 
the soil can be used for 
manufacturing of bricks. 

 In standard proctor compaction 
test as per IS-2720, for different 
percentage of moisture content 
and corresponding values of dry 
density of soil are observed. The 
maximum dry density obtained is 
2.16 gm/cc at optimum moisture 
content of black cotton soil at 21% 
of water. This results shows that 
soil gives better strength at the 
water content of 21%.  

 Values of liquid limit and plastic 
limit used to classify fine grained 
soil. It gives us information 
regarding the state of consistency 
of soil. The values obtained for 
liquid limit is 72.68% and plastic 
limit is 50% for the soil sample. 

  As per IS code provisions the 
standard dimensions of first class 

5.
68

4.
25

0
1
2
3
4
5
6

C OM PR ESSI VE  STR ENG T H 
T EST

BLACK COTTON SOIL RED SOIL BRICKS
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brick is 19cm x 9cm x 9cm. In the 
laboratory test the dimensions of 
black cotton soil bricks are 22cm x 
11cm x 8cm . 

 In the laboratory test as we 
performed the maximum 
compressive strength of brick using 
black cotton soil obtained is 5.68 
N/mm2. But the red soil brick 
compressive strength is 4.25 
N/mm2. Hence the compressive 
strength of black cotton soil is more 
than red soil brick, so we can use 
this bricks in construction works.   

 

CONCLUSION : 

Bricks are normally prepared from red soil 
or cementitious materials such as fly ash, 
GGBS etc. The researches on the 
production of bricks using black cotton soil 
is done very rarely. But, the bricks made 
from black cotton soil are highly 
effective compared to normal bricks.  Black 
cotton is a type of soil which is having high 
bonding strength when it is mixed with 
admixtures. It has more adhesive property 
compared to red soil. The strength of bricks 
is expected more compared to normal 
bricks. Since, the bricks are more 
economical, soil is easily available in local 
areas and it is stronger. It is a good idea to 
use black cotton soil in the manufacture of 
bricks in places where black cotton soil is 
highly available. 
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ABSTRACT 

 

The tire is one of the major pollutants  which release 

greenhouse gases when burnet, causing air pollution and 

depletion in ozone layer. Due to this a proper method should 

to be adopted for the tire disposal . Rubber is thought to be a 

potential material for use in concrete technology.  The ductile 

behaviour will enable the concrete material to have the 

capacity to deform and support flexural and tensile loads, even 

after initial cracking . Tyres cut into pieces with maximum 

size of 20 mm to use as coarse aggregate, and crumb rubber 

tyres used as fine aggregate .As this scrap rubber waste is an 

elastic material having less specific gravity, energy absorbent 

material can be used as a replacement material for obtaining 

lightweight concrete. It can be used as one of the alternatives 

for the natural aggregates used as structure and structural 

members. The concrete is a predominate material used in 

construction and it competes with all other major construction 

materials. The load bearing capacity of such structures is low. 

This has the additional advantages of saving in natural 

aggregates used in the production of concrete which are 

becoming increasingly scarce. In this paper we will study 

about compression strength of concrete containing recycled 

tyre or rubber material aggregates, to assess its suitability as a 

construction material. 

 
 

 

KEYWORDS 

Concrete, waste rubber tyres, compressive strength 

,Aggregate 

 

                             I.INTRODUCTION  

 

 

The concrete is a predominate material used in 

construction and it competes with all other major construction 

materials such as cement, coarse aggregate and fine aggregate. 

Aggregates used in concrete serve as filler and densify the 

material. Concrete is the most widely use material for 

construction due they are ease in workability and its 

availability. There are many drawbacks on aggregates in 

concrete when used in large scale. The aggregates are 

obtained by quarry and crushing of rocks and mountains; these 

processes are hazardous and a dd a negative impact on 

environment. The waste can be used as a replacement of 

aggregates in concrete. Waste tire is one of the most 

significant environmental hazards in most of countries. 

Worldwide, the production of rubber increases every year. 

Burying scrap tyres in landfills is not only wasteful, but also 

costly. Research have shown that scrapped rubber tyres 

contain materials that do not decompose under environmental 

conditions and cause serious problems. Using the tier as a 

replacement cannot obtain the compression strength as of the 

ordinary concrete but a suitable strength still can be obtained 

for the use in structures. Crumb rubber modified bitumen 

(CRMB) is used annually in road construction. New 

regulations introduced in 2016 allow for import of waste tyres 

for recycling. 
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II. Literature Review 

 

• Ground Waste Tire Rubber as a Total 

Replacement of Natural Aggregates in 

Concrete Mixes: Application for Lightweight 

Paving Blocks Matteo Sambucci and Marco 

Valente.2021 

 

It observed that , according to American 

society for testing and materials (ASTM) C 

109/109M standard method [39], the test was 

performed by using a Z150 (150 kN load cell) 

testing system (Zwick – Roell, Ulm, Germany). 

The preload was 5 N, and the loading rate was 1 

mm / min. The compressive strength reduction in 

rubberized concrete or mortars is evidence 

unanimously shared by researchers operating in 

this field [6,10,17- 22,46,47,51 – 53].A negative 

effect of  ground tire rubber (GTR) on 

mechanical performance is absorbed. . 

Furthermore, by balancing the content of the two 

polymer fractions it was possible to achieve 

suitable mechanical properties for the reference 

applications proposed in this work. Indeed, 

RP50-RG50 sample yield a compressive strength 

(17.9 MPa) within the range recommended by 

Eurocode 2 standard for paving unit applicable in 

driveways, garages, or sidewalks. 

 

• The use of recycled polymers and rubbers in 

concrete Felipe J A et.al.2004 

 

Ordinary Portland cement , Fine aggregates 

was replaced with the weight % of rubber used 

was 5%,10% with the particle size of 0.25MM 

and 0.59MM,scrap rubber was used untreated 

with a solution of NaOH, W/C-0.53.Strength 

reduction  of 50% was absorbed for a mix with 

14% replacement study. This concrete can be 

used for constructing low load carrying 

structures. 

 

 

• Recovery and Modification of Waste Tire 

Particles and Their Use as Reinforcements of 

Concrete Eduardo Sadot Herrera-Sosa 

et.al.2015 

 

The research is absorbed that the 

compressive strength values vary as a function of 

size and concentration of waste tire particles. It is 

observed that when increasing the waste particle 

concentration and adding large particles more air 

content is obtained. Moreover, all these kinds of 

concretes have lower values than those for 

control concrete, namely, 24.1MPa. Only 10% of 

tire particles of 2.8mm showed higher values than 

those for control concrete, up to 23% of 

improvement. . It can be seen that concrete with 

concentrations no greater than 10% of particles of 

2.8 mm show the highest values compared to 

those for the control concrete for compressive 

strength. 

 

 

• Use of waste rubber tyres as aggregate in 

concrete Abubaker M. Almaleeh.2016 

 

The report was prepared for the 

replacement of the rubber tyres particles as 

aggregates in the conventional concrete was 

undertaken in three phases. In the first phase, fine 

rubber tyres aggregates were used to replace 50% 

of the normal sand. This replacement was done to 

check the influence of the fine rubber tyres in the 

behaviour of the normal concrete. The second 

phase consisted of 50% replacement of normal 

gravel by coarse rubber tyres. All samples were 

cured for 7 days. The compressive strength as 

showed decreased significantly in both BS and 

ACI method. The concrete in BS method lost up 

to 80% of the strength, when the fine rubber tyres 

aggregates were added. In the ACI method, the 

rubberized concrete strength dropped by 85% of 

the control strength. Compressive strength of 

rubberized concrete is suitable for footpaths. At 

lower replacement, the strength was about 5 MPa 

which it could be enough. 

 

 

 

 

• Effects of Concrete by Using Waste tyre 

Rubber (Solid Waste) Shanmugapriya M 

2015 

 

In the research its reported that ordinary 

Portland Cement (OPC) of 53 Grade was used for 

the entire investigation. The specific gravity of 

ordinary Portland cement is 3.15.Waste tyre was 

procured and specific gravity was 1.18 and unit 

weight 1150 kg/m^3 and the tyre is cut into 

pieces with a grading of 12 to 20 mm size 

aggregate. The specimen is tested after 28 days 

curing. The control specimen C, 3RA, 6RA, 9RA 

and 12RA in each 3 number of specimens is 

tested. The value of compressive strength even 

though comes to a value of 21.20 N/mm^2 this 

value is very much higher than the prescribed 

strength of the Light Weight Concrete. The 

reduction in compressive strength is up to 42% 

but the compressive strength at 12% of rubber 

content gives a compressive strength of 

21.11N/mm2 which is more than the requisite 

compressive strength of Light Weight Concrete. 

 

• Impact of Chemically Treated Waste Rubber 

Tire Aggregates on Mechanical, Durability 

and Thermal Properties of Concrete Yih 

Chen Khern et.al.2020 
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In the research, compressive strength at 7 

and 28 days is carried out. At 7 days , untreated 

rubber aggregate concrete (R8) showed around 

8% lower compressive strength compared to the 

reference concrete (REF).However, when rubber 

aggregates were pre-treated, the compressive 

strength of concrete for R8-W2h, R8-W24h and 

R8-W72h were 5.15, 5.86, and 5.11% lower than 

that of REF concrete, respectively . For the 

rubber aggregates treated with NaOH, the 

compressive strength of concrete for R8- N2h, 

R8-N24h and R8-N72h were 4.74, 5.37, and 

5.07% lower compared to the REF concrete, 

respectively. Similarly, when the rubber 

aggregates were treated with Ca(ClO)2, the 

compressive strength of concrete for R8-C2h, 

R8-C24h, and R8-C72h were 5% lower, 1.87% 

lower and 2.91% higher, respectively, than that 

of REF concrete. Replacing 8% of natural 

aggregates with tire rubber resulted in 18% lower 

compressive strength at 28 days compared to the 

reference mixture. On the other hand, when tire 

rubber aggregates were treated with NaOH and 

Ca(ClO)2 resulted in lower reduction of 

compressive strength: compared to the reference, 

concrete containing rubber aggregates treated by 

Ca(ClO)2 for 72 h resulted in strength similar to 

the reference concrete.  

 

• Re-Use of Waste Tire Rubber Pieces in the 

Production of Light Weight Concrete 

K.Charankumar et.al.2013 

 

As per the Journal, the compressive 

strengths of concrete specimens were determined 

after 7,28,56 days of standard curing. It is 

observed that as the curing increases the 

compressive strength also increases for every 

grade of concrete prepared . For rubberized 

concrete, the test results show that the addition of 

rubber aggregate resulted in a significant 

reduction in concrete compressive strength 

compared with the control concrete. This 

reduction increased with increasing percentage of 

rubber aggregate. 

 

• PRODUCTION OF LIGHTWEIGHT 

CONCRETE FROM WASTE TIRE 

RUBBER CRUMB Joseph Olawale 

AKINYELE et.al.2016 

 

In this research, rubber crumb was used to 

partially replace fine aggregates in concrete at 0 , 

4 , 8 , 12 , and 16% and represented as M0 , M4 , 

M8 , M12 , AND M16 respectively. The 28 days 

compressive strength showed that there was a 

general reduction in strength. The work 

concluded that rubber crumb can be used to 

replace fine aggregate up to 16% , in light weight 

concrete. The result obtained for the compressive 

strength gave a positive side of the research work 

because the 28 days compressive strength for the 

M16 concrete mix is higher than the 

recommended compressive strength of 15 

N/mm2 for reinforced light weight concrete. 

Hence rubber crumb can conveniently replace 

fine aggregate in concrete up to 16% for light 

weight concrete. 

 

CONCLUTION 

 

By reusing tire rubber for the construction purpose reduces 

the pollution in the environment. When the tires are to 

disposed it done in two ways by burning which produce 

Greenhouse gases which leads to the depletion of ozone layer 

; And by land disposal, which takes up space in landfills. The 

tires in construction are used to replace fine aggregates and 

coarse aggregates ,they are used to produce light weight 

concrete. They satisfy the standardization for compression 

strength . These types of structures are having low load 

carrying capacity ;thus, they are use as partition wall ,frame 

works. They have  good thermal conductivity so they are used 

to freezer construction. Due to the presence of tires, it exhibits 

high yield structures. The use of natural aggregates is reduced 

which decreases the scarcity of aggregates 
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ABSTRACT - Solid waste disposal is a major 

challenge in many industrialized and 

developing nation, both in metropolitan 

regions as well as rural ones. The collection 

and disposal of municipal waste is a serious 

issue faced by facing metropolitan areas in 

many nations today. An effective MSW 

management strategy must satisfy all of these 

criteria: financial viability, technical feasibility, 

social and legal acceptability, and ecological 

friendliness. For managing solid waste, we use 

composting, incineration and burning and 

landfilling technique. For organic waste we 

use commonly composting method. 

Composting is the controlled conversion of 

degradable organic products and wastes into 

stable products with the aid of 

microorganisms. Composting is a long-used 

technology, though it has some shortcomings 

that have reduced its extensive usage and 

efficiency. The shortcomings include pathogen 

detection, low nutrient status, long duration 

of composting, long mineralization duration, 

and odor production. These challenges have 

publicized the use of chemical fertilizers 

produced through the Haber-Bosch process as 

an alternative to compost over time. Chemical 

fertilizers make nutrients readily available to 

plants, but their disadvantages outweigh their 

advantages. For example, chemical fertilizers 

contribute to greenhouse effects, 

environmental pollution, death of soil 

organisms and marine inhabitants, ozone 

layer depletion, and human diseases. These 

have resulted in farmers reverting to the 

application of composts as a means of 

restoring soil fertility. Composting is a 

fundamental process in agriculture and helps 

in the recycling of farm wastes. The long 

duration of composting is a challenge; this is 

due to the presence of materials that take a 

longer time to compost, especially during co-

composting This review discusses the proper 

management of wastes through composting, 

different composting methods, the factors 

affecting composting, long duration 

composting, the mechanism behind it, the 

present trends in composting and prospects. 

The extraction of mono-fertilizers from 

compost, development of strips to test for the 

availability of heavy metals and pathogens as 

well as an odor trapping technique can go a 

long way in enhancing composting 

techniques. The addition of activators to raw 

materials can help to improve the nutritional 

quality of compost. This review further 

recommends that degradable organic material 

in which composts slowly should be assessed 

for their ability to mineralize slowly, which 

could make them advantageous to perennial 

or biennial crops. Viricides, fungicides, anti-

nematodes, and anti-bacterial of plant or 

organic sources could as well be added to 

improve compost quality. The enhancement 

of composting duration will also be usefuli 

INTRODUCTION 

The most pressing problem faced by any 

urban center in India today is Municipal Solid 

Waste Management (MSWM). Rapid 
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urbanization and changing lifestyles have led 

to the generation of huge amounts of garbage 

and waste in the urban areas, so much so, 

over the past few years, just the handling this 

Municipal Solid Waste (MSW) has assumed 

the proportion of a major organizational, 

financial and environmental challenge. 

Despite MSWM being a major task of the local 

governments, typically accounting for a 

sizeable portion of the municipal budget - 

about 20% to 50%, yet the Urban Local Bodies 

(ULBS) are unable to provide effective 

services. Most of the ULBs do not even have 

reliable MSW generation estimates. 

An unfortunate fallout of rapid urbanization 

without the adequate infrastructure backup is 

that in all Indian cities/towns, disposal of 

waste is done indiscriminately, leading to 

stray animal menace, clogged drains and 

spread of diseases. The process of collection, 

transportation and disposal of MSW is not 

complete in most of the cities/towns with 

garbage heaps remaining unattended until the 

severity reaches with unmanageable 

proportions. Also, the high organic content of 

Indian MSW, compounded by the hot and 

humid tropical climate leads to the rapid 

decomposition of the uncollected waste and 

is an ever-present health hazard. In addition, 

the contamination of MSW by bio-medical 

and industrial hazardous waste is a growing 

concern. 

METHODOLOGY 

 

 

 

 

 

 

1) WASTE COLLECTION 

 The collection of waste is taken place in two 

types. 

First one is door to door collection 

It takes place in residential area where a 

waste collection vehicle can entered the 

residential area and collect the waste from 

household.  

Community bins 

It is placed in public places where collection of 

waste is more and it is mixed with all types of 

waste.so before treating the waste .we must 

first segregate the waste into different types. 

2) WASTE SEGGREGATION 

The segregation of waste is taken place by 

using IOT based techniques. In this we use 

some hardware material and software 

methodology is required for segregation of 

waste 

Material and methods 

 Inductive proximity sensor 

 Dc motor 

 Arduino uno r3 

 Software methodology 

A) Inductive proximity sensor. 

It is operate under the principles of 

inductance. It states that when coil rotate it 

creates magnetic field around it. 

The main components of the inductive 

proximity sensor have four components. 

 Coil 

 Oscillator 

 Detection circuit 

WASTE COLLECTION 

     WASTE SEGGREGATION 

NON BIO DEGRADABLE BIO DEGRADABLE 

C/N RATIO BALANCING 

COMPOSTING PROCESS 
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 Output circuit 

When the coil starts rotating it creates 

magnetic field and it attracts the magnetic 

particle. If any particle present in solid waste. 

B) DC motor 

It is an electrical machine it converts electrical 

energy into mechanical energy.it is used to 

rotate the waste bin based upon required 

conduction. 

C) Arduino UNO r3 

The Arudino UNO is a microcontroller board 

based on ATmega328. It has 14 digital 

input/output, 6 analog inputs, ceramic 

sensors, USB connection, a power jack and 

reset button. It contains everything needed to 

support the microcontroller simply connected 

to the computer with USB cable. 

D) Method 

When waste is dumped it is sensed by 

inductive sensors and turns accordingly to 

their respective bins by using software in 

arudino to control speed of DC motor and non 

dection of empty container. 

 

Practical working method 

 

 

 

2) BIO DEGRADABLE WASTE 

After segregating the waste into bio 

degradable and non bio degradable, bio 

degradable waste are sent to composting 

process and non bio degradable waste like 

glass, plastic etc are sent to burning and 

incineration process. 

4) COMPOSTING PROCESS 

At present condition the waste vehicle can 

collect the waste from bins and dump the 

waste in to composting pits. And after 

dumping it will take to time for decaying, 

generally a composting pit is designed for 200 

kg capacity of solid waste and it will take two 

and half month for complete decaying/ 

composting. Instead of doing this manner if 

we adopt some technical aspects before 

dumping the waste in to composting pits 

definitely we can manage the solid waste in 

good manner. 
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*CARBON /NITROGEN RATIO BALANCING 

For good composting carbon to nitrogen ratio 

must be between 20:1 to 40:1 ideally it may 

30:1. So before dumping we need to find the 

carbon percentage (USING WALK LINE 

METHOD) and nitrogen percentage (KJELDAHL 

METHOD) in waste. For every 30% of carbon 

1% of nitrogen needed, the carbon content is 

very much required for micro organism it 

provides protein for micro organism to 

degrade the waste very fast. At the lower C:N 

ratio there will be excess nitrogen provided 

which can result in the production of 

ammonia. This has the unpleasant odor that 

many composters will experience at some 

time in their composting carrier. At C:N ratio 

of over 30:1, there will not be enough 

nitrogen to support sufficient microbial 

growth and the microbe population will be 

too low to produce sufficient heat with the 

result that the decomposition process will be 

very slow. 

For balancing carbon content, if the carbon 

content is less, add CHAR COAL to waste. It 

contains rich carbon content, and it will help 

to increase the carbon content in waste and 

as well as it will help to absorption of carbon 

dioxide from atmosphere if the decomposed 

waste is used for fertilizer.  

For check, this method is worked in practical 

or not, takes same weight of waste in two 

different bins and in first bin decomposes the 

waste in natural manner without balancing 

the C/N ratio and note down the time taken 

for composting. In second bin find out the C/N 

ratio and balance it (30:1) and note down the 

time taken for composting. 

 

 

 

 

RESULTS AND DISCUSSIONS 

SL No Bin 1 Bin 2 

Weight 2 kg 2 kg 

C/N Ratio Balanced(30:1) Natural/Un 
balanced(21:1) 

Time taken 
for 
composting 

4 days 7 days 

Contents Good rich content in 
C/N  and used as a 
good fertilizer 

C/N content 
les compare to 
Bin 1 

Image  
 

 
 
 

 
 
 
 
 
 
 
 

 

*This project work has been completed in a 

limited time and we are proud to announce 

that “SOLID WASTE MANAGEMENT” is able to 

fulfill the expectations. 

*We successfully completed this project by 

with using new technique and we show the 

different path for managing the solid waste, 

and we are happy to announce we find the 

new path for managing the solid waste in 

good manner and quickly. 

*At present condition entire world is faced 

waste managing problem, and it will become 

bigger day by day due to increasing 

population, just because of due to lag of this 

technical consideration before dumping the 

waste. If we adopt in practical manner 

definitely we can manage the waste very 

quickly and good manner also. 

CONCLUSIONS 
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This project has provided us a plethora of 

opportunities and experiences, with in the 

bonds of our limited knowledge. It will give 

not only theoretical knowledge, it also 

included practical knowledge how composting 

process will and takes place and how the rate 

of composting process increases when 

balancing the C/N ratio and how natural 

process takes place.  It is a matter of immense 

of happiness and pride for us in having been 

able to complete this project successfully in a 

limited span of time. We have done 

everything in the best possible way we could 

by overcoming the various constraints and by 

utilizing all the available amenities.  
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Abstract – Smart village is built on the philosophy of a 

self-sustaining eco system, one that is capable of 

adapting to changing governance regimes and generating 

resources in order to augment human development. The 

main problems faced by rural areas are poverty, low -

level of sanitation and limited access to technology. 

Gungaramele village in India is one of the regions that  

created smart concept starting from rural area. This study 

deals with study and development of village as a smart 

village. Literature reviews on smart cities, smart villages, 

and smart rural areas were acquired and evaluated after 

an initial interview in the village of Gungaramele. The 

initiative taken to implement smart concepts are – smart 

energy, smart agriculture, smart management and smart 

technology. 

 
 

I. INTRODUCTION 

 

 
The vast majority of Indians live in villages. Villages are 

home to over 70 percent of India's population according to 

the census report of 2016. Each year, however, a huge 

number of individuals from villages travel to cities in quest 

of better jobs, medical care, education, and a better quality 

of life. Smart City is a project that strives to improve the 

living conditions of city dwellers. Similarly, Smart Village 

is a rural development effort aimed at making villages self-

sufficient. 

Smart village is a new concept developed by the researches 

from India, N Viswanathan and Sowmya Vedula. This 

concept was developed in 2010, by describing the 

ecosystem for a village and mapping the procedures of 

integrated design to build a smart village. 

Smart village initiatives are being undertaken in rural areas 

all over the world to improve the lives of people living in 

villages. 

 The objective of smart village concept is to provide 

benefits of urban lifestyle to the villagers while retaining 

valuable aspects of rural communities. 

These initiatives enable inhabitants of rural communities to 

attain complete potential for the development by 

connecting to the world and earning a feasible livelihood 

while leading a healthy lifestyle. 

 

Such initiatives also attempt to prevent the migration of 

villagers to cities by providing enormous opportunities in 

smart village. 

According to recent literatures, sustainable development in 

smart cities and smart villages; An Indian prospective paper 

of (2022) highlights the issues and challenges that need to be 

overcome for sustainable development and digital 

transformation. 

They also help to reduce the digital divide that exists 

between rural and urban areas. 

Sustainable environment, renewable energy, health and 

sanitation, food and clean water, eco-friendly production-

oriented enterprises, education and awareness, and finally 

democratic involvement of the villagers in various issues are 

some of the core features of smart village programs. Energy 

access must be linked into other programs for the 

development of smart village, so renewable energy 

production and access became the backbone of overall 

development process. 

Another significant issue that has been considered in the 

development of smart communities is improving the lighting 

system so that children can study at night because studying 

is a pollution-free activity. 

Similarly, households in smart villages can consume clean, 

safe water as well as nutritious food while reducing the cost 

of heating water for drinking. In the global south of India, 

replacing traditional biomass-based cooking stoves with 

cleaner fuel-based modern stoves will reduce indoor 

pollution. 

The main objective of this study is proposal of Gobar gas 

and solar energy concepts in Gungaramele village, while 

educating the villagers about waste management process and 

use of hydroponics in agriculture. 

 

II. DATA COLLECTION 
 
 The data collected during the initial interviews in   

Gungaramele village are: - 

 

 No of houses interviewed: - 50 houses 

 No of people residing: - 186 members 

Total waste production- 1450 kg 
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                          Fig 1. flowchart of initial procedure 

                 

                          III. METHODOLGY 

 
The methods selected to study the smart village concept 

were done through preliminary interview, literature review 

of previous studies, books and analysis of regulations that 

support it are done according to fig.1 

The literature review was conducted by choosing journals 

based on the definition of the concept and instances of 

smart village implementation. Analyzing the data collected 

while interviewing the local residing in the village, 

Gungaramele is studied and considerable implementations 

were taken. The various categories that were considered 

are implementation of Gobar gas, installation of solar 

panels, E –learning and smart education, health and 

sanitation, Improvements in the field of agriculture. 

 

The categories considered in smart village are: - 

1) Smart energy 

2) Smart agriculture 

3) Smart waste management 

4) Smart technology 

1) SMART ENERGY 

 Smart energy is the process of using devices for energy-

efficiency. It focuses on powerful, sustainable renewable 

energy sources that promote greater eco-friendliness while 

driving down costs with smart energy system we can better 

match supply with demand, and integrate more renewable 

energy sources such as wind and solar into the system. 

These forms of generating energy create less air pollution 

and emit significantly less CO2 into the atmosphere. 

 

In smart energy we considered Gobar gas production 

and Solar Energy. 

1. GOBAR GAS 

 

 

              Fig 2.  Production of gobar gas 

              Fig 2.  Production of gobar gas 

• As mentioned in the above figure 2, 

First the animal dung is collected 

from every house then sent to the 

digester via inlet pipes at the proper 

temperature. Inside the digester, 

anaerobic digestion occurs. After a 

period, the gobar gas is released 

through the house's outlet pipes. 

 

Fig 3: Typical biogas plant 

(source:google) 

• With reference to the fig 3 and 

collected data for a waste 

production of 1450 kg, a biogas 

plant with a digester of 350cm and a 

depth of 350, a gas holder of 

diameter 530cm and depth13cm as 

well as a slurry tank of 350*350 cm.  

The plant design described above 

will generate 58000 liters of biogas 

per day. 
 

2. SOLAR ENERGY  

 

• Solar energy is a renewable, 

inexhaustible, and affordable form 

of energy. It can be used to cook 

food, heat water, and generate 

electricity. Furthermore, electrical 

energy generated from solar energy 

can be stored in solar cells. 

• The two types of solar energy are: - 

1) Active solar energy involves 

Determine the 
case study

Analyse the 
meaning and 

purpose of 
smart village

Analyse the data 
collected

Analyse the 
implementation 

of the illage

initial interview

Collecion of animal dung

Dumping of dung in digestor through inlet
pipes

Anerobic Digester

Production of Gobar gas

Supply of gas through outlet pipe
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equipment or an action to convert solar 

energy into a useful form. One example of 

active solar energy is the use of solar cells 

to convert energy from the sun into 

electrical energy that can be used in the 

home. 

2)  Passive solar energy does not require any 

specific action or equipment. An example 

of passive solar energy is strategically 

placing windows in a home to allow 

sunlight to enter and provide heat. 

 

 

                            

 

            

      
 

 

Fig 4.  Installation of solar panels procedure 
 

•  The procedure outlined in the fig 4 is 

followed to install solar panels for every 

house in the village to produce lighting. 

• We must install a 1kw rooftop solar 

system for every residence in the village. 

• 1 kw of system produces 4kwh of 

electricity on a good day and 120 kwh a 

month. 

• Installation of a 1kw rooftop solar system 

cost from 45000 to 85000. 

 

 

 

               

 
 

                      Fig 5. Installation of solar 

panels(source:google) 

 
 

2) SMART AGRICULTURE  

• Smart agriculture is about using the new 

technologies which have arisen at the 

dawn of the Fourth Industrial 

Revolution in the areas of farming and 

cattle production to increase production 

quantity and quality, by making 

maximum use of resources and 

minimizing the environmental 

impact. Also, the implementation of 

technology in agriculture and cattle 

production will make it possible to 

boost food security throughout the world. 

• By using hydroponics in agriculture, the 

crops can be easily grown without using 

large area of plantation and less usage of 

water. 

 
 

 
Fig 6: Hydroponics using deep water system 

 

•  The agriculture land in Gunbarrel 

has good water facilities; we 

selected hydroponics using water 

culture. Plant production is 

achieved by suspending the plant 

roots in a solution of nutrient rich, 

oxygenated water. 

• The installation of hydroponics is 

depicted in the fig6. 

• A 4*5 feet of hydroponics setup is 

mount installation

install solar panels

electrical wiring

connect the system to 
solar inverter and battery

connect solar inverter to 
the grid

start solarinverter
place seeds in seed tray

apply fertiliser and keep the 
intake around 300 ppm  for 

first few days

maintain 600 ppm of 
nutritional intake till end

crop is ready to harvest
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required for every house in the village which 

will cost 5500 and 27500 for 50 houses. 

• The above hydroponics setup can generate 

2000 to 10000 monthly profit. 

 

3) SMART WASTE MANAGEMENT 

 

 

• Smart management involves educating the 

villagers about the waste management. 

Waste management basically involves 

dividing the waste into dry waste and wet 

waste. 

• Dry waste includes plastic, papers, bits of 

paper waste, glass, cardboard, rubber metal.  

• By educating the villagers about the toxins 

present in plastic, instead of burning them, 

they can use the plastic waste in production 

of bricks, where small scale industries come 

into picture and many employment 

opportunities can be possible created, so that 

the people can avoid migrating into the urban 

areas. 

• Wet waste includes all the kitchen waste that 

we produce. This can include vegetable 

peels, used tea, fruits, leftovers etc. instead of 

dumping the waste, this waste can contribute 

to the production of Biogas where the waste 

with the animal dung can be dumped in the 

digestor of biogas... Hence educating the 

villagers about the waste management and 

the spreading the awareness of burning of 

plastic plays a vital role in smart 

management. 

 

 

 

4) SMART TECHNOLOGY  

 

 

• Smart technology affects almost every 

aspect of 21st century life, from transport 

efficiency and safety, to access to food 

and healthcare, socialization and 

productivity. The power of the internet 

has enabled global communities to form 

ideas and resources to share easily. 

• As banks is still being establishing in 

villages, digital money or use of net 

banking maybe a slow process in 

villages. 

• Due to Jio connections and the fast-

paced internet awareness can be created 

in the villages about the networking and 

the use of digital money through phones. 

• Many apps like Google pay and phone 

pay as been used in cities of India, 

awareness is spreading across the 

villagers about net banking, 

people can afford banks in their 

phones itself rather than walking 

miles just for banks.  

 

 

IV. RESULTS AND 

DISCUSSIONS 

 

• Achieving the sustainable 

development of rural areas is not only 

a major challenge for the development 

of rural areas but also the vision and 

goal for the future development of 

rural areas, especially for a country 

such as India, where half of the 

population lives in rural areas. 

• Biogas is generated by estimating the 

waste production for one day and 

utilizing machines such as a digestor 

with a depth of 350 cm and a diameter 

of 530 cm, as well as a gas holder and 

slurry are required which generates 

58000 liters of biogas per day which 

can be used for cooking purpose.  

• Solar panels will be installed, with 

each residence receiving at least 1KW 

of electricity. Up to a certain extent, 

solar energy can be utilized in 

lightening bulbs and fans. 

• Hydroponics is the most ideal system 

recommended. A 4*5 feet of 

hydroponics setup for every house 

will provide 2000 to 10000 profit per 

month. 

• Internet towers are suggested for Jio 

net installation, each user with a phone 

will receive 1GB of data, which can be 

utilized for personal and financial 

networking reasons.   

               

CONCLUSIONS 

 

• In this study, the village 

gunguramele is taken as a model 

village to propose the concepts of 

smart village namely smart energy, 

smart agriculture, smart waste 

management and smart technology. 

• The smart energy plans and designs 

i.e., biogas plant helps in the vision 

of improving the productivity of gas 

having higher thermal efficiency 

than charcoal and kerosene.  
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• Solar panels using photovoltaic effects to 

convert light directly into electricity as a 

result every house in the village will be 

having solar to access electricity. 

• The smart agriculture considering 

hydroponics forming is highly profitable as it 

will high yield crops just in a small place in 

any season or in any weather condition. 

•  Smart waste management entails utilizing 

technology and data to produce a more 

effective waste sector, as well as optimizing 

resource allocations, lowering operating 

costs, and increasing waste service 

sustainability. 

• Due to this cultural, economic, 

environmental, living standard and overall 

status of village increases. Because of that, 

the village become self-dependent and 

contributes towards the development of 

nation. 
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                            ABSTRACT 

Massive development in the infrastructure sector has 
given an unexpected rise in the demand for cement. 
Approximately the world expends 30 billion tons of cement 
concrete every year(ref-BS Thomas , 2021). Researches 
around the world incisiving for several solutions for 
achieving the practice to stay free from carbon footprint. 
One among them is sugarcane bagasse ash from sugar mills. 
Where bagasse ash has high strength and reduces the 
permeability of concrete. This review represents the 
physical and chemical properties of sugarcane bagasse ash. 
It possesses pozzolanic reactivity and increases the 
compressive strength and also decreases thermal 
conductivity. Sugarcane bagasse can be replaced with 
concrete without disturbing its mechanical properties. 1ton 
SC produces approximately 26% of bagasse and 0.62% 
residual ash(G). The ash generated during the burning of 
agricultural waste at a controlled temperature of less than 
700 ° C for 1 hour, converts the silica content in the ashes to 
the amorphous phase. Sugarcane bagasse is a lingo 
cellulosic material. It is generally a kind of waste, which 
may have some particular uses. In the analysis study the 
cement is partially replaced in 0%,5%,10%,15%and 20% of 
sugarcane bagasse ash(ref-santosh kumar meghwar ,2019). 

                                KEYWORDS 

Sugarcane bagasse (SCBA), Pozzolanic reactivity, 
compressive strength, workability, split tensile strength  

 

 

   INTRODUCTION  

The husk obtained after the crushing of sugarcane is 
sugarcane bagasse. Sugarcane bagasse is obtained during 
the manufacturing of sugar. It is commonly used as fuel in 
boilers to generate steam and electricity. The cement 
industries emit an 80% contribution to the global 
greenhouse effect. Brazil is the highest sugarcane producer 
with 814.9 million tones. Second comes India with 376.1 
million tones and third comes China with 138.3 million 
tonnes (ref-D K Ashish-2019). The scraped fibrous matter 
is called bagasse. Bagasse is burnt at about 500-5600C (ref-S 
Nazar-2019). For every 10 tons of sugarcane 3 tons of bagasse are 
generated.

Figure 1. Land disposal of: (a) Bagasse ash and (b) Bagasse 
Fibres(ref-Gabriel,2019). 

After the milling process for every ton of burnt sugarcane, 0.62% 
ash is produced. where approximate production of sugarcane 
bagasse yearly is 11.42MT (ref-. V. jittin -2019).
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  SCBA CHARACTERISTICS  

Sugar cane bagasse ash was obtained by an 
uncontrolled bagasse burning process. The collected ash is 
sieved to the necessary fineness using sieve #300µm, 
which removes all dirt and bigger particles. This sieved ash 
can be used in concrete as a cement substitute. (Ref 1) 

The sugarcane bagasse contains roughly 50% cellulose, 
25% hemicelluloses, and 25% lignin. At a moisture 
percentage of 50%, each tonne of sugarcane produces 
around 26 percent bagasse and 0.62 percent residual ash. 
The chemical makeup of the residue after burning is 
dominated by silicon dioxide (SiO2). Despite being a 
material that is difficult to degrade and has few nutrients, 
ash is utilised as a fertiliser in sugarcane harvests on farms. 
The ash from sugarcane bagasse was gathered in this 
container. (ref 2) 

Sugar cane varietals, growth, combustion temperature, 
combustion duration, bagasse purity, bagasse ash collection 
site, cooling type, boiler equipment, bagasse ash collecting 
methods, and ash fineness all affect the physical qualities 
and compositions of SCBA [1]. Bagasse ash collected at the 
bottom of the boiler, for example, is likely to be coarser and 
contain irregular particles, but bagasse ash collected through 
a filtration system contains less carbon [2]. (Ref 3) 

 WORKABILITY 

The workability of fresh concrete in terms of slump 
reduction was measured using the frustum slump cone. The 
maximum slump value was 54mm in concrete with 0% 
SCBA and the lowest slump value was 26mm in concrete 
with 20% SCBA as cementitious material. Workability 
declines as the fraction of SCBA increases, as illustrated in 
Fig. Because SCBA has a larger surface area than cement, it 
absorbs some water and has a lower drop-in workability. 

 

     FIG: Workability of Fresh Concrete (ref 1) 

Fresh concrete tests are used to determine the workability of 
a concrete mix. The slump cone test is not performed on 
pervious concrete because it is also known as zero slump 
concrete. As a result, the slump cone test is used to measure 
workability. Slump value was used to assess the workability 
of freshly mixed concrete. In this study, M25 mix concrete 
is used to complete the test on a weight basis by partially 
replacing 5%, 10%, 15%, and 20% of the cement weight 
with M25 mix concrete. (Ref 2) 

 

 

 

Increase with SCBA replacement level increase (ref 3-5) 

 

FIG: Workability of Fresh Concrete (ref 2) 

   COMPRESSIVE STRENGTH  

    

FIG: compressive strength for partial replacement of 
SCBA as cement (ref 1) 

After seven and twenty-eight days, employing 10% 
SCBA as a cement substitute material in concrete 
increased compressive strength by 7.95 percent and 
15.40 percent, respectively. After 7 and 28 days, 
compressive strength was reduced by 13.63 percent and 
9.38 percent, respectively, when 20 percent SCBA was 
used as a cement substitute material in concrete. 

FIG: Compressive Strengths for partial replacement of 
SCBA as cement (ref 2) 

When compared to conventional concrete, rubber-
based concretes have a lower strength for partial 
replacement of coarse and fine material after 28 days. 

With an increase in SCBA replacement level, it first 
rises and subsequently falls [6,7,8]. Reduced with 
SCBA [9]. (Ref 3) 
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At 1% bagasse, the compressive strength of grade 30 
concrete increases from 28.97 to 48.83. The addition of 
3% bagasse reduces the compressive strength of 
concrete slightly, although this can be explained by the 
fact that the strength is still high in the controlled 
sample. (Ref 4) 

SPLIT TENSILE STRENGTH  

 
Fig: Tensile strengths for partial replacement of 
SCBA as cement. 

After 7 and 28 days, employing 10% SCBA as a cement 
substitute material in concrete increased indirect tensile 
strength by 5.40 percent and 8.55 percent, respectively. 
After 7 and 28 days, the split tensile strength of 
concrete using 20% SCBA as a cementitious material 
was lowered by 9.19 percent and 6.25 percent, 
respectively. (Ref2) 

Fig: Tensile strengths for partial replacement of SCBA 
as cement. (Ref 2) 

Split tensile strength Increases first and then decreases 
with replacement rate increase [6,10]. (Ref 3) 

 

Fig: Tensile strengths for partial replacement of SCBA 
as cement. (Ref 4) 

The presence of sugarcane bagasse in the concrete mix 
has an effect on the strength of the concrete, as seen in 
fig. The mechanical properties tests have all yielded 
positive results. Bagasse, on the other hand, was 
successful in improving the strength of concrete. It 
demonstrates that bagasse is akin to a concrete retarder 
that has no detrimental impact on concrete strength. 
(Ref 4) 

POZZOLONIC ACTIVITY  

Supplementary cementitious materials cannot be 
employed directly as pozzolanic material in the 
majority of circumstances. Instead, they must be treated 
to meet specified pozzolanic material criteria. SCBA 
has been identified as an agricultural-based pozzolanic 
material, but due to its low pozzolanic activity, it cannot 
be employed directly in concrete. Crystalline silica and 
impurities such as unburned carbon are the main causes 
of SCBA's pozzolanic activity [11]. SCBA is less 
popular than rice husk ash due to its low amorphous 
silica content (usually less than 50% silica) [12]. 
Various processing methods have been employed in 
past research to increase the pozzolanic activity of 
SCBA for large-scale SCBA applications. (Ref 3) 

ADVANTAGES OF CEMENTITIOUS MATERIAL 

Reduces cement contents, increases strength and 
improves the workability of fresh concrete. 

 

APPLICATION OF CEMENTITIOUS MATERIAL 

It is widely used to build commercial buildings as well as 
related fixtures, Driveways and columns. 
 
PRESENT SCENARIO OF SUGARCANE 
BAGASSE  

 lower cost and lower carbon footprint of concrete, higher 
long-term compressive strength (e.g., at 90 days or 
more) and durability. Bagasse is a sustainable product 
because it is sourced with very little impact on the 
environment.it is easily replenished because the residue 
can be obtained after every harvest. Bagasse is the 
essential ingredient for the production of pressed 
building board, acoustical tile, and other construction 
materials and can be made into a number of 
biodegradable plastics. 

   
   

REPLACEMENT OF SUGARCANE BAGASSE AS 
CEMENTITIOUS MATERIAL 

Replacement of sugarcane bagasse is done to overcome 
the scarcity of cement. 

● Renewable  
It is a sustainable product and easily available in the 
environment but cement is not.it can easily be 
replenished 
But cement is not. 
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● Compostable  
It never degrades. It can biodegrade normally within 10 
days but cement can be renewable. 

● Easily available  
Bagasse has high bioconversion efficiency and it is 
readily available and bagasse is obtained easily in larger 
amounts but cement can’t. 

● Environmental aspects  
Bagasse is free from carbon footprints  
Cement is harmful to the environment  

● Cost aspects  
bagasse is waste material so it is available in cheaper   
but cement is more expensive. 
 

 
    
GRAPH SHOWING THE COMPRESSIVE 
STRENGTH OF M30 GRADE OF CONCRETE 
MIXED WITH SCBA 
 

 
 

 LITERATURE REVIEW 
 

 Use of Sugarcane Bagasse Ash as Cement Replacement 
Materials in Concrete Narain Das Bheel, Santosh Kumar 
Meghwar, Rameez Ali Abbasi, Israr Ahmed Ghunio, 
Zubair Hussain Shaikh 2019 

 As a cementitious material in concrete, 54mm inclusion with 
0% SCBA produced the highest slump value, while 26mm 
inclusion with 20% SCBA produced the lowest slump value. 
When the amount of SCBA in the concrete grows, the 
workability of the concrete gradually declines. After seven 
and twenty-eight days, employing 10% SCBA as a cement 
substitute material in concrete increased compressive 
strength by 7.95 percent and 15.40 percent, respectively. 
After 7 and 28 days, compressive strength was reduced by 
13.63 percent and 9.38 percent, respectively, when 20 
percent SCBA was used as a cement substitute material in 
concrete. Using 10% SCBA as a cement increased indirect 
tensile strength by 5.40 percent and 8.55 percent, 
respectively. After 7 and 28 days, use a different material in 
the concrete. After 7 and 28 days, the split tensile strength 
of concrete using 20% SCBA as a cementitious material was 
lowered by 9.19 percent and 6.25 percent, respectively. 
 

 Usage of sugarcane bagasse ash in concrete b. Mahesh, t. 
Mahesh Kumar, u. Nikhil& a. Yaka swamy 2017 
 The following conclusions are formed based on the 
experimental data and their graphs, as well as subsequent 
discussion of the results. By increasing the percentage of 
SCBA replacement in concrete, the workability of the 
concrete improves. Concrete's compressive strength rose by 
5% when SCBA was used instead of cement. As the 
percentage of SCBA increases, the compressive strength 
decreases. With the addition of SCBA, the tensile strength 
of concrete decreases. 

 Characteristics and Applications of Sugar Cane 
Bagasse Ash Waste in Cementitious Materials Qing 
Xu, Tao Ji, San-Ji Gao, Zhengxian Yang and 
Nengsen Wu 2018 

SCBA is typically used as fertiliser or disposed of in 
landfills, both of which are unsustainable in terms of the 
environment and human health. The use of SCBA in 
construction materials offers a promising approach for 
better SCBA waste recycling and management. By 
synthesising the results of previous studies, many 
research have shown that using SCBA in cementitious 
materials enhanced the short-term mechanical qualities 
as well as the long-term durability of mortar, concrete, 
and other building materials. In-depth studies on the 
endurance of concrete containing SCBA in harsh 
conditions are lacking. SCBA's impact on reinforced 
concrete (RC) has been rarely documented. 
 

 Usage of sugarcane bagasse as concrete retarder  
Mohamad Azania Yahya, Mohammed alias Yusof, 
zulkifli abu hassan, Nasrin daud 2013 
The goal of the study is to see if sugarcane bagasse can 
be utilised as a concrete additive and retarder. The 
reaction between sugarcane bagasse and cement 
lengthens the time it takes for the cement to set. 
Sugarcane bagasse has a possible application in concrete, 
and a research of sugarcane bagasse mixed with fresh 
concrete as a retarder has been completed. 
 

               CONCLUSION 

 

(1) Several studies have shown that using SCBA in 
cementitious materials improves the short-term mechanical 
qualities as well as the long-term durability of mortar, 
concrete, and other construction materials. In-depth studies on 
the endurance of concrete containing SCBA in harsh 
conditions are lacking. SCBA's impact on reinforced concrete 
(RC) has been rarely documented. 

(2) The heterogeneity of SCBA limits its use in cementitious 
materials on a broad scale. One of the most major influencing 
elements on SCBA composition is calcination. 

To achieve desirable SCBA pozzolanic activity, more 
attention should be paid to congenator design, calculation 
control, bagasse drying process, and so on. 

(3) Comparative investigations revealed that different 
processing methods had both advantages and limits in terms 
of SCBA pozzolanic activity. For a specific purpose, 
exploring suitable SCBA processing methods for greatest 
SCBA pozzolanic activity, simplest processing, and lowest 
energy usage should be done with caution. 

(4) Various processing methods have been employed in past 
research to increase the pozzolanic activity of SCBA for large-
scale SCBA applications. 

(5) More study on technical and environmental concerns, as 
well as standardisation and government policy guidance, is 
required for the large-scale use of SCBA.      
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Abstract - The World Health Organization has 

declared Covid-19 as a pandemic that   has posed a 

contemporary threat to humanity. This pandemic 
has successfully forced global shutdown of 

several activities, including educational activities, 

and this has resulted in tremendous crisis- 
response migration of universities with online 

learning serving as the educational platform. The 

crisis-response migration methods of universities, 

faculty and students, challenges and opportunities 
were discussed and it is evident that online 

learning is different from emergency remote 

teaching, online learning will be more sustainable 
while instructional activities will become more 

hybrid provided the challenges experienced 

during this pandemic are well explored and 
transformed to opportunities. The outbreak of 

COVID-19 has reminded us that the complexity of 

education needs responsive practices to facilitate 

effective teaching and learning across all levels of 
schooling globally. All over the world, the 

normative ways of teaching and learning evolved 

drastically in the first quarter of the 2020 
academic year when teachers and students found 

online offerings to be the dominant option 

available as a sequel to the pandemic conditions. 

We argue that teaching the topic on an online 
platform constrain student teachers’ procedural 

thinking, conceptual development, and 

demonstration of their thought processes during 
mathematics learning and assessment.  

 

 
 

I. INTRODUCTION 
 

The outbreak of the novel coronavirus disease 
(COVID-19) began in the Wuhan region of China in 
December 2019. By February 2020, cases of COVID-
19 had been detected on every continent. Governments 
are advising citizens to be prepared for an outbreak in 
their community. Today, we are globally experiencing 
closures in schools and universities, postponements or 

even cancellations of conferences and other organized 
events, and social distancing. In addition, we have 
also seen the promotion of flexible ways of studying 
and working to hinder the rapid spread of the virus. 
The respiratory failure and unwavering deaths caused 
by COVID-19 continue to cause sparked anxiety 
worldwide. In South Africa, the Minister of Health Dr. 
Zweli Mkhize reported the first case of the pandemic 
on 5 March 2020, when a male citizen in KwaZulu-
Natal tested positive upon his return from Italy. It was 
in this context that the government configured 
strategies to fight against the virus on March 2020. As 
cases continued to be reported daily, the South 
African Government imposed a hard lockdown on the 
population on March 23 for 21 days effective on 
March 26 2020. The officially confirmed cases had 
increased to 554 with zero deaths nationally. The 
lockdown continued to be extended and adjusted 
based on recommendations made by South Africa’s 
Ministerial Advisory Committee on COVID-19, with 
the primary aim being to flatten the curve by reducing 
daily reported cases and ensuring speedy recovery on 
infected people. In view of this, universities, colleges, 
clubs and religious houses, and economic activities 
involving face-to-face interactions to name but a few 
were restricted. Accordingly, given the mandate to 
save the academic year, representatives of both public 
and private higher educational institutions resorted to 
putting alternative strategies in place for students and 
lecturers to continue with their lessons when physical 
attendance is not feasible. 
One of the strategies was a transition from physical 
attendance of classes to online education, to ensure 
the limited level of contact with and amongst students 
while attempting to         promote students’ learning 
continuation and growth. It appears that nowadays, we 
are entering into the new phase of the evolution in 
academia and higher education that is going to create 
the 4th generation of universities which can be named 
“online and digital universities” (Figure 1). Much of 
that is because of the COVID-19 pandemic that 
launched a digital revolution in academia and higher 
education. 
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Figure 1. Evolution of academia and higher education                     
 

Keywords: academia; higher education; coronavirus 
pandemic; online tuition; social distancing; COVID-19; 
digital revolution. 
 
 

II.  Digital revolution 
 

The coronavirus pandemic of 2020 became a push 
factor that can help everyone to better understand that 
all the attributes of higher education such as online 
defences, online entrance and final exams, as well as 
online academic jobs are as good as those conducted 
“in real life. Here are some recent examples: 

 
 On the 18th and 20th of March 2020, Imperial 

College London conducted the world’s first online 
exams for its 280 six-year medical students. The 
digital “open book” exam was successfully 
delivered remotely, and many universities in the 
United Kingdom and worldwide are now likely to 
follow the Imperial’s strategy as a solution for 
examining students during the COVID-19 pandemic 
shutdown. According to one of the students who 
took the exam, this was a good experience because 
medical school finals measure a higher level of 
learning then just remembering information. The 
tests focused on the student’s ability to synthesize 
information to come up with a management, or 
interpret complex data are skills. 

 In addition, it also turns out that if the exams and 
defenses can be done online, so can be the 
graduations. In Japan, despite the fact that spring 
graduation ceremonies were cancelled because of 
the coronavirus pandemic, the students at the 
Business Breakthrough University in Tokyo 
attended remotely (Figure) by controlling avatar 
robots from their homes. 

 
 

 

 

 

 

 

 

 

 

Figure 2. Online graduation in Japan Source 
The Guardian (2020) 

 
Digitalization in higher education allows streaming 
lectures online or enables professors and students to 
interact in the virtual environments but not 
everyone is ready for this. Even those young people 
who do not spend much time in the “real life” and 
rather prefer playing video games or interacting 
with others on social network platforms confess that 
they would have preferred being lectured in real 
classrooms and in real universities. Sometimes this 
is just a feature of habit but quite often this can be 
attributed to the difficulties with personal time 
management and procrastination when students are 
left studying online from the comforts of their 
homes. 
 

            III. Academic types 
 

In general, there are three main types of people in 
today’s academia and higher education.  
 

 Lecturers: typically engaged in delivering lectures to 
students (several lectures a week, several days a week). 
Some lecturers are good public speakers, are popular 
among their students, and enjoy their work. However, 
most lecturers lack time for writing and publishing 
research papers and many of them loath this activity. 
Most (but not all) lecturers often use the same (often 
outdated) material (Power Point slides) for many 
consecutive lecture courses and years.
 

 Researchers: writing and publishing many research 
papers and monographs. Researchers know all about 
the publishing process, bibliometrics and how this 
system works. Many researchers are terrible public 
speakers and prefer not to lecture wherever possible 
(quite often they “buy out” their lecture time with the 
research papers or grant projects).


 Businessmen: the rarest type of academics. Businessmen 

are the directors of research centres, professors, deans, 
and chancellors. They used to be lecturers or 
researchers before but discovered their leadership skills. 
Many businessmen are proficient in writing and 
securing grant proposals and obtaining funding for their 
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institutions.
 
IV.  Challenges, Compatibility and   Opportunities 
With Covid-19 pandemic, it has become clearer that 
education system is susceptible to external dangers rightly 
noted that this digital transformation of instructional 
delivery came with several logistical challenges and 
attitudinal modifications. Feldman (n.d.) while addressing 
student assessment during this pandemic on how districts can 
Legis late unbiased and evenhanded grading policies based 
on these recommendations; (i) pandemic- related anxiety 
will have negative effects on student academic performance, 
(ii) academic performance of students might be affect by 
racial, economic and resource differences, and (iii) the larger 
parts of instructors were not effectively ready to deliver 
high-quality instruction remotely. The challenges discussed 
here are limited to digital transformation of instructional 
operations during the period of Covid-19 pandemic. 
 

The compatibility of online learning with social science and 
humanities has been proved effective while researchers 
have also contested its compatibility with sports 
sciences, engineering and medical sciences where hands-
on practical experiences are required as part of instructional 
activities . Remote laboratories are used as alternative 
laboratories in online learning and such virtual laboratories 
offered by online learning can only fill the theory-to-
practice hole. Online learning cannot be effectively and 
efficiently applied in some disciplines and this compatibility 
gap is yet to be filled. According to Murphy (2020), based 
on the Association of American Medical Colleges (AAMC) 
recommendations, medical students were directed to 
abstain from having direct contact with patient in the middle 
of March 2020, medical-trainees of Brown University were 
in clerkships and the school were able to “augment” medical 
students training by migrating some aspects of clinical 
education to online platform. However, those students are to 
go back to the wards to complete the direct-patient 
interaction that is required in clerkship as soon as the 
suspension due to the Covid-19 has been lifted. This 
implies that online learning is not compatible with clinical 
but can only be used to augment face-to-face training 
method pending the time there will be chance to go back to 
the normal traditional setting.  

 Online learning on its own has advantages, such as 
flexibility ,interactivity, self-pacing and opportunities, the 
current increase in its adoption by universities is born of 
their desire to direct their actions toward alignment  with 
both local and global practices and policies to overcome the 
spread of Covid-19 pandemic and maintenance of academic 
calendar. Universities and other educational platforms have 
responded to the pandemic with quick digital 
transformation of their educational activities. According 
to Manfuso (2020), Greg Flanik, Chief Information Officer 
of Baldwin Wallace University in Ohio, stated that when 
they were informed of the digital transformation of 
instructional activities, he told his team            to make the best 
use of the opportunity offered by the crisis since they 
have always said that to get everybody to make use of 

online learning tools would be an ultimate 
accomplishment. Greg Flanik continued by adding that 
online learning has provided a clear roadmap that 
educators need to take advantage and engage major 
stakeholders in education to create novel market for 
instructional delivery and the longer the pandemic lasts, 
the more likely online learning becomes a general 
acceptable mode of teaching and learning. 
 
                 V. Concluding remarks 
 
It is visible that instructional technology, as a research field 
with several sub-divisions, has played a major role in 
cushioning the effect of this pandemic on educational 
activities by serving as the only platform for instructional 
design, delivery and assessment platforms. 
Nowadays, online tuition is often viewed as 
“incomplete” and “supplementary”. It might be that the 
coronavirus pandemic will change this perception. The 
major and the most ubiquitous impact of the COVID-19 
pandemic on the academia and higher education is that 
innovations leading to their digitalization that would 
have taken months or perhaps years under the normal 
circumstances due to the red tape and the administrative 
and legal regulations were promptly introduced in a 
matter of weeks or even days. It turned out that 
academia and higher education already had all the tools 
necessary for the online lectures, teleconferencing, or 
digital open books exams, but were reluctant to unleash 
their full potential, perhaps waiting for some better 
days to come. 
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Abstract – The project we are working on is a “Delta Style 

3D Printer” with certain cost-effective modifications. In 

today’s world 3D Printers are revolutionizing the 

prototyping industry. They are used almost everywhere. 

The biggest drawback is the huge upfront costs. Hence, we 

have decided to tap the technology in a much cheaper way 

and at the same time not to sacrifice the quality. The 

printing technology works on the principle of stacking 

individual 2 Dimensional layers of predefined thickness 

one upon the other to create a true 3 Dimensioned object. 

This method is known as additive manufacturing as the 

process involves addition of raw material rather than 

removal of material. The biggest pro of this method is its 

high accuracy. Specifically, for this build we are adopting 

a method called "software tuning". That is, since most of 

the build is by hand, there would be higher inaccuracies 

that could severely affect the output. By compensating for 

the mechanical errors through software, we were able to 

get micrometer accuracies in a much efficient and cost-

effective manner. 

 Keywords – Additive Manufacturing. 

I. INTRODUCTION 

People, since ancient times, wanted an efficient medium 

for materializing their ideas and sharing it with others. A 

traditional printer, also known as the Gutenberg printing 

press, sparked a revolution since important documents 

and ideas could be conceptualized and spread to the 

masses. For Ex. The first document to be printed was the 

Bible which led to worldwide popularization of 

Christianity. Also, ideas such as democracy, equality, 

and communism became popular due to printing. 

Coming to the 20th century, printing in the form of 

typewriting had shown its powers. Information of top 

confidential nature could be easily typed and shared 

through fax instead of a hand-written letter riding on a 

horseback. In the late decades of the last century, a 

printer was used as a peripheral device, which made a 

persistent human readable representation of the graphics 

a text in paper. But people of this generation have 

different needs which is realized again by the 

revolutionary concept of printing. This time in Three 

Dimensions. It provides a way through which people 

materialize their ideas into a tangible product under an 

unimaginably short period of time. Nowadays 3D 

printers available are of higher costs that is due to the 

printing technology used and the material used in the 

fabrication of a 3D printer, so this project sparks upon 

the idea of making a  3D printer under reasonable  costs 

by using the scrap materials and a few 3D Printed parts.. 

The main aim of this project is to make the 3D printer 

available to a common man and to operate and automate 

working once the command and specific design is given 

to this machine. So operating time will automatically 

decrease as it can handle the task without any human 

intervention. This also makes this device reasonable and 

approachable to everyone in this project. This project 

deals or in other words targets the people who have cost 

as a main constraint and thus making a 3D printer useful 

in school laboratories, automobile industries, making a 

prototype material in industries etc.  

II. MATERIALS & METHODOLOGY 

Aluminum Composite Sheet: We have found that these 

low-cost Aluminum composite sheets are the most cost-

effective solution for the overall frame due to the 

following reasons. i) Being widely used building 

construction material, it is easily available in many 

hardware stores. ii) Compared with wood, it is extremely 

light in weight. iii) It is also very easy to work with 
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considering the fact that the frame was entirely 

constructed with hand tools. iv) It requires very little post 

processing compared with wood or sheet metal which 

requires to be painted hence prolonging production time. 

v) Their internal rubber core makes it extremely easier to 

drill holes and tap screws. 

Chlorinated Polyvinyl Chloride Hollow Shaft (21” ID): 

Also known as CPVC pipes, they are mainly used for 

plumbing and also find its application in our design as 

vertical support shafts due to the following reasons. i)  It's 

cheaper and readily available as it is also a widely used 

product. ii) Unlike metallic shafts, it can be drilled 

laterally and tapped for mounting L Joints. iii) Since the 

height of the frame the CPVC supports isn’t 

comparatively much, the rigidity of the shaft material 

takes over its flexibility and hence we get a strong 

standing structure.   

Polished Steel Hollow Shaft (16mm ID): These steel 

shafts were only meant to replace the Open Beam 

Extrusions and the main sliding joint for the belt slider. i) 

The L shaped joints were directly welded to the shaft as 

it provided a much stronger joint than drilling and using 

fasteners. ii) Although it’s impossible to state the frame 

is completely stiff with only the CPVC shafts, as a 

secondary objective, these steel shafts do support the 

overall structure to some extent. 

Untempered Plain Glass (5mm thick): The print surface 

upon which the final product was to be printed had the 

following recommendations. i) It must be strong enough 

such that the force exerted by the nozzle cannot deform 

it. ii) It must not have any surface indentations that can 

cause issues while printing. iii) It must have a perfectly 

flat surface with zero angular imperfections that can cause 

severe issues including print failure if not accounted for. 

iv) It must be resilient to temperature changes without 

deforming or cracking. Confirming with the above 

recommendations, the material we selected was tempered 

plain glass, since we were unable to find a producer that 

can fabricate custom sized tempered glass, we had to defy 

the last recommendation and go with untempered glass as 

we were sure that the machine won't be subjected to huge 

temperature changes.   

Miscellaneous 3D Printed Parts: In accordance with the 

RepRap Philosophy, who believes that self-replicating 

and self-healing machines are the future, some of our 

materials were custom or previously designed 3D models 

that were printed on another 3D Printer at a reasonable 

price by a being who was happy to support our venture. 

The materials discussed previously were used for the 

mechanical build of the machine in which certain 

compromises were made. The following the electronic 

parts that were used in the build:  

1. Arduino Mega: An open source community 

driven prototyping board. 

2. RAMPS 1.6: A shield that interfaces motors, 

motor drivers and other sensors with the Mega. 

3. NEMA-17 Stepper Motor: Compared to a 

traditional brushless DC Motor, this motor 

divides the entire series of steps that could be 

individually controlled.  

Software tools used: 

1. Marlin Firmware: It’s an open source firmware 

whose primary function is to convert the G-Code 

commands into mechanical movements in the 

machine. 

2. Ultimaker Cura: Although proprietary in nature, 

it's a free software used in the slicing of 3D 

Models into appropriate G-code commands. 

      

Methodology:  

1. A study was conducted into the parts and 

mechanisms of various 3D Printers in the market 

ranging from low end to high end devices. 

2. After a brainstorming session, we developed some 

alternatives for the mechanisms using cheap and 

standardized parts.  

3. We then used a suitable CAD software to develop  

a basic prototype whose part drawings are given 

below.  

4. The composite sheets were cut to the required 

dimensions (by hand) and the basic frame 

assembly was undertaken. 

5. For the 3D Printed parts we outsourced them as 

they were non standard and 3D Printing was the 

cheapest solution available. 

6. The electronics were then added to the frame with 

proper cable management techniques.  

7. For the power supply, we went with the commonly 

available LED power supply that provided 12V 20 

Amps from the 220V AC mains. 
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Figure 1: Universal Joint designed in-house 

 

                  

 

Figure 3: Universal Joint, 3D Printed 

                  

 

             Figure 4: Fully Assembled 3D Printer, Front View 

 

 

 

 

 

Figure 2: Final Design of 3D Printer 

Figure 5: Fully Assembled 3D Printer 
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Figure 6: Fully Assembled Push Rods, 215mm each 

 

 

 

 

 

 

 

Figure 8: End Effector, designed in-house 

 

 

Figure 9: A test part showing the dimensional accuracy of the 
machine 

Figure 7: CoC caricature, printed in-house 
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III. RESULTS & DISCUSSIONS   

 

Once the build of the 3D Printer was completed, basic 

calibration checkouts of the machine were completed 

and we began our first test prints. The output we 

received was disappointing at first. We discovered 

multiple faults that all linked to the inaccurate build 

of the machine. Usage of hand tools had taken its toll. 

But it was a blessing in disguise. The firmware we 

used did have a feature where we could compensate 

for the inaccuracies of the build. By painstakingly 

adjusting the myriad of parameters, we were 

enthralled by the output. As shown in fig the output 

provided was on par with that of professional 

machines but at almost 1/10th of the cost. Hence, we 

had succeeded in our initial objectives.  

 

IV. CONCLUSIONS 

1.It is possible to develop an affordable, reliable and 

an outperforming 3D Printer at minimal costs.   

2.A modular, compact and affordable machine can be 

easily adopted in places such as schools and 

universities. 

3.The use of 3D printed parts calls for the need of a 

pre-existing 3D Printer as it is the cheapest possible 

solution. Other methods are also feasible.  

4.Further upgrades in terms of design and fabrication 

methods can also be improvised upon as the design 

files and the methods are open source in nature.  
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Abstract-A method of electroplating a platinum-

rhodium (Pt-Rh) alloy coating with a specified 

composition on a metal substrate stainless steel 

(SS304) is presented in this article. The Pt-Rh

 bath consists of [Pt (NH3)2]HPO4, 

H2SO4 and Rh2(SO4)3. The Pt-Rh alloy 

electrodeposition coatings were characterized by 

different analytical methods such as Scanning 

Electron Microscopy (SEM) and X-ray 

diffraction (XRD). SEM images justifies that 

coating is uniform in 75% duty cycle. XRD 

confirms that crystalline size was reduced from 

75% duty cycle to the rest of the PC’s coatings 

and DC (Direct current). Incorporation of the Pt-

Rh metal ions was verified by EDX analyses. A 

photocatalytic degradation study of Pt-Rh coating 

was conducted for Methylene Blue (MB) dyes 

under UV light radiation. PC 75% duty cycles 

showed an exceptional dye degradation percentage 

compare to DC coating source. All photocatalytic 

behaviour was controlled by using UV–Vis 

spectrophotometer. 

Keywords-Platinum-Rhodium, SS304, SEM, XRD, 

Dye degradation, Corrosion.  

1. Introduction 

Platinum, palladium, rhodium, ruthenium, iridium, 

and osmium are members of the platinum group 

metals (PGM).  Only platinum, palladium, and 

rhodium have previously found significant use in 

the electrodeposited condition [1]. The main 

disadvantage of this alloy coating is its high cost; 

however, its benefits include excellent chemical 

and oxidation resistance, as well as high strength, 

mainly resistance to corrosion at high temperatures, 

are present in different areas such as production of 

glass [2,3] and nitrogen fertilizers [4,5,6], 

thermocouples [7], automotive catalysts [9], 

jewellery [9,10] etc. 

Pulse Electrodeposition is considered as more 

efficient method of Electroplating compare to DC 

method of Electrodeposition. In PC method, based 

on the requirement current can be controlled by ON 

and OFF method. In ON time current is passed into 

the time it is switched off. During OFF time more 

time will be given to nucleation and which reduces 

the nuclei size and give the uniform crystalline 

size. We value PC over DC in Pt-Rh alloy coating 

because electroplating of Pt-Rh by DC consumes a 

major amount of metal ions from the bath solution, 

resulting in poor coating. The PC plating technique, 

on the other hand, would be extremely beneficial 

that have noticeably reduced the amount of Pt-Rh 

consumed during plating which may find various 

industrial applications. As a result, production costs 

will be lower, production time will be shorter, and 

coating quality will improve [11]. Also, 

conventionally DC plating only one parameter, 

namely, current density can be varied. However, 

PC method three important factors: peak current 
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density, current ON time and current OFF time can 

be varied and growth can be controlled [12]. 

Noble metal coatings were done on stainless steel 

to control the corrosion in boiler water reactors. 

Intergranular corrosion is very common in boilers. 

So development of noble metal coatings on 

stainless steel with high corrosion resistance is very 

important in boilers. Noble metal chemical addition 

is a recent development in this field and it reduces 

the corrosion abruptly. Many methods are available 

to coat Noble metal on the steel surface. 

Electrodeposition is a simple and efficient method 

for coating Noble metals. In this technique noble 

metal can be coated uniformly [13]. 

Roughly 8–20 % of idle dyes and auxiliary 

chemicals are settled from the textile production 

into the wastewater stream [14]. Nearly one million 

tons of dyes are made every year around the 

biosphere. Furthermore, the majority of these dyes 

and their components are carcinogenic and 

mutagenic, posing a threat to all living things on 

the planet [15, 16, 17]. Even a small amount (less 

than 1 ppm) of these compounds in water has 

negative consequences [18]. The excellent 

corrosion-resistant properties of Pt-Rh catalysts are 

evaluated for the gradation of dyes. In this work, 

Pt-Rh coated samples successfully showed 

positive trends in the degradation of Methylene 

Blue (MB) dye. 

2. Experimental Materials and Methods 

2.1 Electrodeposition Development 

The solution used in the present study was Pt 5Q 

electroplating bath [Pt (NH3)2] HPO4 and Rhodium 

Sulphate solution Rh2(SO4)3 supplied by Arora 

Matthey Limited, Kolkata. The electrolyte solution 

was prepared using 1.5 mL Platinum solution and 

0.075 mL Rhodium solution. By adding 5 ml 

concentrated H2SO4 and distilled water, this 

solution is made to 50 ml. The experiment was 

carried out in a glass cell Figure 1. Pt-Rh alloy 

coatings with a 1.7 cm2 exposed surface area were 

formed on SS 304. To achieve a smooth finish, 

abrading 600 grade to 2500 emery paper was used 

to prepare polished SS304 surfaces and after that, 

alumina powder is used to polish the surface (1.0, 

then 0.3 and 0.05 lm grades) on a humid polishing 

cloth, then thoroughly cleaned with deionized 

water. Only emery paper abrading ad washing were 

used to prepare rough surfaces. Freshly machined 

SS304 discs were used in one set of experiments, 

and they will had the tool marks from their 

fabrication on a lathe. 

The cathode is made of SS 304 circular discs with a 

diameter of 15 mm and a thickness of 1 mm and at 

a distance of 2 mm from the coupon's edge, a 2 mm 

hole was provided to hold the disc during 

electrodeposition. While coating process the 

remaining portion of the backside was masked. The 

anode was made of platinized titanium.  

Electrodeposition was carried out for 18 minutes 

using a current source N6705B Key sight 

technologies of direct current (DC) and pulse 

current (PC) for a range of cathodic current 

densities ranging from 1.0 to 6.0 A/dm2. pH and 

temperature are kept at 1.2 and 40 °C, respectively. 

The coatings were carefully rinsed with distilled 

water after each deposition and then air-dried.  

 

Figure 1. Schematic representation of pulse 

electrodeposition of platinum on SS304. 
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Components Conformation 

Platinum solution [Pt 

(NH3)2] HPO4 

1.5 ml 

Rhodium sulphate 

solution Rh2(SO4)3 

0.075 ml 

H2SO4 5 ml 

Electrodeposition Bound  

Heat                                40 °C  

pH 1.2  

Current density 4.0 A/dm2  

Installation time 18 min 

PC Duty cycle  25%, 50 % and 75% 

DC Direct current flow 

 

Table 1. Improved component’s bath solution 

The surface morphology and compositional 

analysis of the formed coatings were studied using 

scanning electron microscopy (FESEM Carl 

ZEISS). The phase structure and crystallite grain 

size were examined using X-ray diffraction (XRD, 

RIGAKU).  

Electrochemical impedance spectroscopy (EIS)  

and the Tafel extrapolation technique was used to 

assess the corrosion behaviour of Pt-Rh alloy 

Electrodeposition by a three-electrode system, 

using a CHI608D electrochemical workstation (CH 

Instruments, Austin, USA) to keep open to air at 

room temperature. The Ag/AgCl electrode and the 

platinum electrode, respectively, were used as 

reference and counter electrodes. The EIS study 

was conducted on an electrodeposited coated 

working electrode with an exposed surface area of 

1 cm2.in 0.1M sodium sulphate as corrosive media 

in neutral pH  

Photocatalytic experiments were carried out in the 

centre of the cylindrical photoreactor, which 

consists of a light source (here, a UV light lamp, 

300 W, absorbance at 664 nm (UV–Vis absorption 

spectra)) surrounded by eight quartz reactor tubes 

(each 100 mL in volume), 37 cm in height and 2.3 

cm in inner diameter, as well as cooling fans. A 

reaction mixture consisting of catalytic load of 

different electrodeposited Pt-Rh alloy coated 

sample with two different current source, namely 

DC and PC, with 25%, 50% and 75% respectively, 

was prepared in 100 ml of 5 ppm MB dye. The 

suspension was stirred in the dark for 3 hours. The 

solution was irradiated under UV light at a constant 

temperature. Samples were also collected every 30 

minutes to evaluate the percentage of MB 

degradation. A visible annular photo reactor 

(Agilent technology Cary-60) was purchased from 

the scientific company "HEBER" in Chennai, India 

for use in photocatalytic studies. The MB solution 

was prepared in the dark using double distilled 

water. A central light source powers the cylinder 

reactor. Surrounded by eight reactor tubing (each 

with a capacity of 100mL) and cooled by fans in 

the photo reactor. The Pt-Rh alloy metal coating 

was done on SS304 using a PC and DC technique 

with different duty cycles, and the maximum dye 

degradation was selected from the metal coating 

and further degradation parameter work was done 

only for the respective sample. All of these samples 

were tested for photocatalytic performance. 

The percentage of photocatalytic degradation of 

organic dyes has been determined as follows. 

% of degradation = [(Ca-Cb) / Ca] X 100 

………………… equation -1  

Where Ca and Cb b is initial and final dye 

concentration respectively. The research was 

repeated by a selection of parameters, such as dye 

concentration, stability, scavengers and pH. 

2.3 Results and Discussions 

Optimization of Bath Parameters 

The electrodeposition method was used to deposit 

Pt-Rh coatings on mild steel panels using the 

optimized electrolytic bath listed in Table 1.To 

obtain a good, desirable coating, pH, temperature, 
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current density, and composition of the bath plays a 

crucial role in the evaluation of the coating. 

When it comes to achieving the best 

electrodeposition coating, the current density is 

crucial. Current density was varied from 1.0 A/dm2 

to 10.0 A/dm2 to determine the effect of the 

coating. The formation of a "burnt" black colour 

deposit occurred at current densities greater than 5 

A/dm2 due to rapid discharge of metal ions from the 

electrolyte resulting in poor coating and Metal ions 

deposition is a smaller amount at current densities 

less than 4.0 A/dm2, uneven and irregular 

deposition on the substrate occurs and hence in our 

research, a current density of 4.0 A/cm2 has been 

determined to be optimal. 

The alloy coating was carried out at the ideal 

temperature of 40°C by DC and PC method by 

making the variation in an optimised condition. At 

40°C, the electrolyte dissociates, even more, 

resulting in the highest concentration of metal ions 

in the bath solution and a uniform coating. In 

comparison to other temperatures, coating at 40 °C 

produces a bright and adherent coating. At 

temperatures of 50°C and higher, we discovered 

burnt and unusual deposits. The coating obtained 

below 40 °C provides a seedy appearance due to an 

uneven coating. As a result, we have decided to test 

at a temperature of 40 °C. 

The pH of the alloy coatings was varied from 0.10 

to 3.0, and pH 1.3 was found to be the best, with 

the majority of the metal ions deposited at this pH. 

The stability of the bath deteriorated at higher pH 

values above 2.0, and burnt deposits formed. The 

coatings were smooth, uniform, and bright at a 

range from pH 1.0 to 1.5, but the coatings were 

poor at pH less than 1.0 so more research was done 

at pH around 1.0 to 2.0. 

At 25, 50, and 75 % duty cycles, the deposition was 

finished by means of both the DC and PC systems. 

When compared to the PC method with a larger 

grain size obtained from DC, the coating 

morphology in the DC method was not uniform. 

The coating obtained at 75 % in the PC method is 

more even and regular, with a smaller grain size. In 

the PC method, fresh nuclei were formed and it 

produces a uniform and reduced grain coatings 

during ON and OFF time of the current. The grain 

size difference is marginal when compared to DC, 

25% and 50% duty cycle. In comparison to other 

methods, the PC-75% method produces bright, 

uniform, and small grain size. 

3. Coating Characterization 

3.1 Scanning electron microscope 

SEM images were obtained using a 5.00 kV and 

15.kV scanning electron microscope (model: 

FESEM Carl ZEISS) with a mean large gap of 3.7 

mm at different magnifications. SEM images of 

coatings obtained from PCs with various duty 

cycles and DC plating developed at current density 

4.0A/dm2 as shown in Figure 2. When compared to 

the remaining PCs and DC source in (Figure 2 a)75 

% duty cycle coating, the smaller and uniform 

grains result in a smoother surface of the coatings.. 

From the Figure 2 b, 2c and 2d, the Pt-Rh alloy was 

found to be larger and uneven in scale on SS304 

and its distribution is not uniform. In DC coating 

samples, the degree of uniformity decreased as the 

duty cycle percent decreased from 75 % to 25 % 

and more. The percent of duty cycle has a 

significant effect on the surface morphology of Pt-

Rh electroplated coatings, as shown in Figure 2 a, 2 

b, 2 c, and 2 d. For all the Pt-Rh alloy coating 

source, strong adhesion and brightness were 

obtained, but in 75 % duty cycle uniformity was 

achieved. 
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Figure 2 Surface morphology of Pt-Rh deposits 

produced at PC conditions. (a) 75% (b) 50% (c) 

25%, (d) DC. 

3.2 X-ray diffraction (XRD) 

 

 

Figure 3. The XDR pattern of Pt-Rh coating 
obtained at DC and PC (25%, 50% and 75%). 

 

X-ray diffraction (Rigaku Miniflex 600 (5th gen)) 

was used to obtain patterns of X-ray 

diffractometers. The XRD pattern of Pt-Rh coating 

electrodeposited on stainless steel by DC and PC 

(25%, 50% and 75%) method are as shown in 

Figure 3. The peaks were analysed by 

crystallographic search match software using 

powder diffraction files PDF numbers: 1-1190 Pt, 

52-513 Fe and 2-1167 Fe Pt). The diffraction 

pattern mainly includes of Pt peaks corresponding 

to planes (111), (200), (220) and (311) and these Pt 

phases contain a smaller amount of Rh. Further 

base metal stainless steel (Fe) and Fe-Pt peaks are 

also observed on XRD pattern. The intensity of Fe 

peaks reduces in 75% PC coating. The crystallite 

size purpose was made using the Debye Scherrer 

method on (111) diffraction peak. In PC (75%) 

crystallite size was reduced compared to DC 

plating. 

The Scherrer equation can be written as: 

𝑳 =
𝑲 𝝀

𝜷 𝐜𝐨𝐬 𝜽
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Where L is the crystallite size (nm), β is the full 

width half maximum intensity measured in radians, 

λ is the X-ray wavelength, θ is the diffraction angle 

and K is the Scherrer constant (0.95) 

SI No Source of 
coating 

Average crystalline 
size in nm 

01 PC- 75 % 10 
02 PC- 50 % 07 
03 PC- 25 % 06 
04 DC 05 

Table 2. Average crystalline size. 

4. Photocatalytic activity 

The Pt-Rh coated sample's effect on photocatalytic 

degradation of MB dye solution was investigated. 

Methylene blue (C16H18N3SCl) is a cationic 

heterocyclic aromatic azo-dye whose molecular 

structure is shown in Figure 4. All trials were 

carried out in the company of UV light , using a 

300W xenon lamp as a light source.  

 

 

    Figure 4. Molecular structure of Methylene Blue 

4.1 Probable mechanism of dye degradation 

The electrons (e-) in the valence band (VB) excited 

the conduction band (CB) with the same number of 

holes (h+) left in the VB when coated metals were 

irradiated by photons. Photo generated electrons (e-

) react with O2- generating O2, while photo 

generated h+ oxidizes MB on the surface of coated 

Pt-Rh alloy samples. These powerful oxidants 

could then substantially degrade MB molecules to 

H2O, CO2, and other molecules of nominal 

importance. A possible process of photocatalytic 

degradation of MB over coated metal sample was 

anticipated as follows: 

Pt-Rh + hν → e− (VB) + h+ (CB) ...….. (1)  

O2 + e− →⋅O2
 − ………………………………. (2) 

 h+ (or ⋅O2
− ) + MB → Products …………...... (3) 

 

Scheme 1. Proposed mechanism for photocatalytic 
degradation of MB over Pt-Rh alloy coatings. 

 

4.2 Photocatalytic study 

The efficiency of degradation has reached 96 % 

degradation for Pt-Rh coated alloy sample of PC-

75% and subsequent dye degradation of remaining 

duty cycle and DC samples of Pt-Rh is mentioned 

in Table 3. The dye degradation efficiency of 

different samples with different concentrations, pH, 

and scavengers was carried out for 180 minutes 

with different parameters by selecting the sample 

with the highest dye degradation from Pt-Rh. We 

have achieved good degradation for sample coated 

by PC method in our work, especially at PC-75% 

duty cycle for Pt-Rh alloy sample compare to DC 

and other PC samples. This may be due to smaller 

nanometer grain sizes relative to DC coated 

samples or other samples. The amount of photons 

absorbed on its surface is increased by an increase 

in effluent loading on the catalyst and the OH and 

e-/h+ pairs are increased. For this purpose, a PC-

coated sample with a 75 % duty cycle provides 

good degradation activities. 
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Coating 

source 

DC PC-

25% 

PC-
50% 

PC-
75% 

Degradation 

% 

89 92 94 96 

 

Table 3. Efficiency of Methylene blue dye 

degradation by different Pt-Rh alloy samples in 

first trial. 

 

Figure 5. Percentage degradation of MB dye for 

Pt-Rh coated samples for 5ppm with run time of 

180 minutes. 

4.3 Effect of dye concentration 

Catalyst action reduced with a rise in the 

concentration of dye. Degradation of the dye below 

the light source rest on mainly on its concentration. 

The analysis was carried out in 100 ml over 5 ppm, 

10 ppm 15 ppm and 20 ppm dye concentrations to 

determine the optimum dye concentration as shown 

in Figure 6. This depends on the concentration of 

dye molecules on the catalytic surface, which in 

turn lowers the penetration level of light through 

the catalyst and thus reduces the degradation of the 

dye. As a result, the rate of generation of hydroxyl 

radicals and superoxide radicals was found to be 

lower. 5 ppm result displays more photocatalytic 

degradation associated to higher dye 

concentrations. (10–20 ppm).  

 
Figure 6. Photocatalytic activities of MB dye at 

different dye concentrations with respect to Pt-Rh 

75% duty cycle. 

4.4 Effect of pH on dye degradation 

pH stands an important issue that impacts 

photocatalytic degradation. A 5 ppm MB dye 

solution was photocatalytically degraded using a 

Platinum-Rhodium coated sample at 75% duty 

cycle in pH series extending from 2 to 12. 

According to Figure 7, photocatalytic activity 

increases as the pH of the solution increases. In 

acidic environments, the external surface area of 

platinum- rhodium covered metal samples is 

positively charged, while in basic conditions it is 

negatively charged. Because MB is a cationic dye 

and Platinum-Rhodium has a negative charge, 

electrostatic interaction between the negatively 

charged surface and the cationic MB causes 

degradation. In the basic medium, the availability 

of OH- is higher, which speeds up the 

photocatalytic degradation process. Table 4 shows 

that the Pt-Rh coated sample at 75% duty cycle has 

higher dye degradation activities than the other 

coated samples. 
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Figure 7. Photocatalytic activities of MB dye at 

different pH with respect Pt-Rh 75% duty cycle. 

 

Table 4. Relative readings of photocatalytic 

activity of Pt-Rh alloy in terms of different pH. 

4.5 Scavenger studies 

Scavenger studies looked into the active agents that 

cause pollutants to degrade. Under UV light, 

hydroxide anions, hydrogen ions, electrons, and 

superoxide anions (oxygen species) form during the 

photocatalytic degradation process. For the 

scavenger experiment, tertiary butyl alcohol (TBA) 

was added to separate dyes for hydroxide anions 

(OH-), EDTA (Ethylene diamine tetra acetic acid) 

for hydrogen ion (H+), K2Cr2O7 for electrons, and 

Ascorbic Acid (AA) for oxygen species such as 

anion scavengers. The photo degradation of MB 

dyes catalysed by platinum coated with a 75 

percent duty cycle under UV light in the presence 

and absence of scavengers is shown in Figure 8. 

The most reactive species, hydroxide anion, is 

found to be the most responsible for MB dye 

degradation. 

 

Figure 8. Effect of scavengers for Pt-Rh 75% duty 

cycle on UV light degradation of MB dye at 5ppm. 

4.6 Reusability and stability  

Stability and regaining are the foremost worries 

concerning photocatalytic degradation in Platinum-

Rhodium electrodeposition. After degradation 

(cycle 1) Platinum-rhodium-coated samples were 

washed with distilled water to remove adsorbed 

dye molecules on the surface of the photocatalyst, 

trailed by drying in the oven to remove water 

molecules. The recovery and stability testing was 

accompanied using dried samples over four 

consecutive cycles of degradation. Subsequently 

four cycles, the reusability efficiency of the 

photocatalyst decreased from 97 % (1st cycle) to 85 

% (4th cycle) as shown in Figure 9. Photocatalyst 

activity decreased efficiency by 12 %% even after 

the 4th cycle of degradation. Recycled catalyst can 

be used for further degradation of dye under visible 

light source [19]. 

Coating 
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pH 
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pH 

6 
pH 
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pH 

12 
pH 

Pt-Rh 

75% 

50 61 67 76 83 96 
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Figure 9. Stability of the Platinum-Rhodium 

coated sample with different cycles 

5. Conclusion 

This invention involves the field of 

electrodeposition of metals. More precisely, it 

relates to the process of obtaining platinum-

rhodium alloy coating by both DC and PC methods 

and it is distinguished by SEM and XRD. From 

data of XRD we came up with the conclusion that 

75% PC samples reduced the crystalline size more 

compare to remaining PCs and DC samples. Finest 

corrosion resistance coating was developed for PC-

75% duty cycle. For Methylene blue dye, which is 

present in the textile industries, Pt-Rh exhibits 

higher photo degradation and has a great potential 

application in wastewater treatment. All in all, one 

day electrodeposited Pt-Rh alloy-coated samples 

will replace the existing methods which is suitable 

for waste management, water disinfection.  
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ABSTRACT:  In everyday life fuel plays a very prominent role. it has been a common need for 

human beings for their daily activities. As an example, we can see cooking in essential needs.  The 
exhaustable natural resources such as fossil fuels are widely used to meet people demand as it is an 
exhaustable resources it should be limitedly used using biomass energy the one of the 
groundbreakinginnovation is the space rocket stove. Biomass is the one of the natural main energy 
sources for running biomass rocket stove it is been designed to increase the efficiency of the fuel with 
efficiency of thermal with combination of heat transfer and an increased combustion efficiency with 

boiling lump fuel. This approach to this examines is that the plan of the manufacturing space rocket 
stove burnt through the coconut shell and the bamboo biomass for its essential needs. The boiling of 
water trial using three forms of solid gasses by the cold start state which has the maximum thermal 
effiency is coconut leaves of 38% value then the coconut shell combustion which has found lowest 
thermal effiency with a value of 22%. When hot test starts the coconut fronds firing is gained a highest 
thermal effiency value is 41%. Similarly simmer water boiling test the coconut fronds firing in a rocket 
stove has a highest thermal effiencyvalue is 37%. The novel rocket stove is designed to enlarge fuel 
efficiency and its thermal efficiency and also extent to reduce indoor pollution in cooking applications. 

The stove improves an environmentally sound and economically cost effective. 

      Keywords: space Rocket stoves, Thermal efficiency coconut branches and shells, water hot trials, 

bamboo. 

 

INTRODUCTION  

A mixture of different gases energy is single of the many other energies they are used 
continuously to decrease the use of energy from petroleum products, gasses and others. 

Firewood is One of the biomass energies is having a 4320 Kcal per kg of calorific value. 

The use of three stone stove is which measured less efficiency because of uses of 
firewood fuel that causes forest deforestation. 

Traditional stove which has many problems which occurs due to igniting the stove, and to 
become stable of the size of furnace flame is not easy, particularly from the 
commencement phase of ignition thus it takes some time to become constant the fire and 
we also require an additional energy like kerosine which ignition to get the flame and also 
flame extinguish is very difficult. 

The working principle of rocket novel stove is built of single horizontal blocks in which 
wood fuel can be placed at the bottom it has air pocket that is connected to a heat sink. 
When the stove is ON, because of air pocket fire gets more oxygen the heat will be passed 
through the vertical blocks till the top end. 
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The rocket stove produced a more efficient combustion in which all the wood burns 
completely comparing to other conventional stove it produces a less smoke. 

According to World Health organization (WHO), burning biomass is the most serious 
consequences in the home which causes respiratory and lung diseases due to indoor 
smoke inhalination. 

1.6 million premature death occurs in each year among them half of the death occurs on 
the children under five years of age. 

 

MATERIALS AND METHODS  

MATERIALS: 

Red dust powder and MS sheet metals used for manufacturing a novel rocket heater and 
the measurement of the heater is sized for a standard family size. 

The fuel resources used for performance valuation of locally made-up novel rocket heater 
are bark free eucalyptus wood a fuel firewood is prepared which has dried out in oven at 
105 c then it is stored in an air tight box. A local dominant firewood species which is used 
for catering as well as heating in all the seasons. 

The indoor air pollution monitoring devices which are used to measuring the carbon 
monoxide and a particulate matter such as crimson laser and electrochemical cell 
spreading photometer. Particulate matter emission characteristics of fabricating wood 
stove and the three-pebble wood stove below water boiling trial. According to this test 
internal air quality stand of world health organization were recorded and compared of the 
emission concentration of the rocket novel stove. 

K type thermocouples are used for monitoring the temperature of water during the WBT 
process. During the test remaining charcoal and firewood fuel utilization of the wood 
stove were measured by a appropriate weight gauge of +_ 0.01kg accuracy. 

Design principle of novel rocket stove  

Inter mitten feed wood burning stove can be off any type it was first designed by local 
peoples to achieve their needs and then finished by obtaining, according to the principle: 

1. Fire using light weight, heat resistant material insulation were made around them  
2. As they enter into the fire heating burning of the stick’s tips are used. 
3. Through the burning fuel maintained of good fast draft was used. 
4. Tool less sketch being pulled into the flames which results in overload charcoal 

and smoke. 
5. Creation of low heat sticks and high heat sticks are pulled into the fire. 
6. During the heat flow path insulation is maintained. 
7. Usage of grate in the fire. 
8. Regular cross-sectional region is maintained. This was achieved via similar 

volume of the opening into the flames, spaces within the wood stove throughout 
which warm air flows and the chimney. 

9. Maximizing the heat transfer of the pot with proper size gaps. 

Increase in transfer efficiency by outlet gaps establish the equal cross-sectional region 
improves sufficient draft for good combustion. This is means that opening into the 
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burning chamber, the air space beneath the grill and chimney are must be in the similar 
dimensions. 

 

METHODS:  

 The waste of biomass is utilized for experimenting sky rocket furnace is planned in such 
a way that the initial stage is to prepare the biomass desecrate raw objects parameter 
purpose to make the biomass calculating the biomass stove testing of biomass stove and 
performance testing. 

The thermal energy is produced through burning the sky rocket furnance be able to used 
for water heating combustion as well as thermal efficiency which particulate matter and 
then the exhaust emissions will be calculated and it is designed with Indonesian national 
standards. 

Sky rocket furnace equipment, testing materials and waste biomass materials, Oven, 
Coconut midrib, Bamboo, Analytical Scales, Aluminium Pans, Water and Coconut shells 
are used as a tools and equipment are used in this study.  

The water boiling test (WBT) method is carried out for testing of a biomass rocket stove. 
WBT technique have three stages of testing, specifically cold and hot start as well as 
simmer. 

The testing takes place until the water reaches its boiling temperature initially from the 
oven and water in extent temperature and this process is said as Cold start. 

 Warm start, At Room Temperature the testing starts immediately after a primary stage 
through a warm stove which is filled among water awaiting the water boils.  

Simmer is testing after the secondary stage in the boiler and water is in boiling state. 

 The initial stage is to set up a vessel containing a litre of water in it and subsequently load 
the biomass gas in type of coconut plants into the novel rocket heater to the extent that of 
1 kg. Arrange a portion of paper to be twisted on as an activate initially in commence and 
near to analyse the entire operational point stop watch is required. If all the apparatus 
required to support the explore process is available, if it is perfect after that pace is to 
switch on the heater, monitor the commence procedure. 

 Subsequently in the water boiling test (WBT) process, at room temperature, cold start test 
is started through heating water to boil initially from the saucepan followed by the warm 
start test   is started instantaneously follow the frozen start stage by a warm furnace which 
is filled with water towards ambitious temperature and followed through the simmer test 
is started with putting it in the warm water pot follow the warm start segment in which 
furnace is also warm. Next on the top of stages are frequently repeated through other 
forms of biomass fuels, specifically bamboo and coconut shield. 

 

WATER BOILING TEST  

The WBT process provides the wood stove designer by dependable data regarding the 
performance of firewood burning novel rocket heater models. 

This trial can be made by three stages that regulate the wood stoves capability they are: 
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1. To bring water to boil from a cold start. 
2. To bring water to boil when the stove is hot. 
3. At simmering temperature water is maintained. 

This test is used to estimate a sequence of wood stoves as they are being urbanized, this 
analysis cannot be used for comparing the heater commencing dissimilar places because 
of the dissimilar sizes of pot and firewood used this changes the results. 

                           
Figure 1. Comparison Graph of Thermal Efficiency        Figure 2. Comparison of Indoor Emissions 

 
Figure 3. Comparison of High Power 

Figure-1. Thermal efficiency (panel A), Figure-2. Indoor emissions (panel B) andFigure-
3, high power PM25(panel C) for the TSF, the natural draft stove, and the three forced 
draft stoves. 

Equipment used for water boiling test are:  

1. Testing pots.  
2. Timer. 
3. Digital thermometer. 
4. To protect scale heat resistant pad is used. 
5. Scale of at least 6kg capacity and one gram accuracy. 
6. For holding thermometer probe in water wood fixtures are used. 
7. Small spatula is used to remove excess charcoal from heater. 
8. For handling charcoal Tongs are used.  
9. For transferring charcoal Dust pan is required. 
10. For weighing charcoal Metal tray to hold is used. 
11. Heat resistant gloves. 
12. Three bundles of air dried out fuel wood. 

By the commencement for this analysis the process must be followed 
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1. Air high temperature have to be recorded. 
2. load of normally used pot have to be recorded. 
3. Charcoal container weight should be recorded. 
4. Fuel wood approximate dimensions are calculated.  

DESIGN BASIS: 

Major parameter is the quantity of water to be vaporized at a sure gap of period is 
depending to design the novel rocket stove. Lower heat loss and environmental force have 
to be considered while designing the novel rocket stove. 

NOVEL SKY ROCKET STOVE CONSTRUCTION:  

Height. length, width of rocket stove parameters was concerned while manufacturing the 
novel rocket stove. 

COMBUSTION CHAMBER HEIGHT: 

The combustion chamber height is, T=H+C+L [4] 

Were, 

H is air pocket hole height in cm. 

C is the air pocket hole to pot base height.  

L is the distance between the pot mouth and pot bottom.  

 
Figure 4. Time to Boil Graph 

 

 
Figure 5. Fire Power Graph 

Figure-4. Time to Boil (panel A) and Figure-5. Fire power (panel B) for both Dry Wood 
and Wet Wood for the Three stone fire, the natural draft stove, and the three forced draft 
systems. 
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DESIGN OF NOVEL ROCKET STOVE  

           

         
  Figure 6. Design of Novel Rocket Stove             Figure 7. Dimensions of Novel Rocket Stove   

 

 
Figure 8. 3D CAD Model of Novel Rocket Stove  
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Results and discussion: 

From this novel rocket stove study. Many stages are carried out first rocket stove design, 
selecting a biomass firewood is also determining the requirement of a sky rocket heater. 
for Design of sky rocket furnace, a mild steel by a tallness of 600cm and breadth of 
200.0cm. 

A furnace whole volume is 0.115x0.115. one kg of teak wood wood twings and plywood 
waste are used as raw material the furnance is made by arranging mild steel plates into a 
rocket furnace the selection of biomass fuel uses coconut fronds, coconut shell and 
bamboo. Every biomass fuel used as different heating vale and variation in rate of burning 
for each type of firewood.  

Based on environmental side selection of biomass fuel will reduce the biomass waste 
through the atmosphere, as a result it is able to reduce damage to the environment. Novel 
rocket stove is designed according to Indonesian national standard as been designed 
which have specification by way of a large fuel supply, thus produced flames will also 
survive large. The holes are used for intake air due to oxygen in stove maintain the fire 
flaming. And chimneys been used for transmit smoke to discharge check. The novel 
rocket heater is also equipped through the collected works of ash dust from burning 
firewood.  

According to Indonesian national standard in furnace is passed that the exact fuel burning 
up test with a limit of 1kg per hour of a furnance be also approved the combustion 
efficiency trial and have passed the thermal efficiency test with the minimum value of 
20%. the novel rocket stove is passed the carbon monoxide emission test if the carbon 
monoxide emission test that doesn’t exceed 67gm/kg of consumed fuel. 

Burning time is   used for amount of rate of fuel consumption to boil the water. Then the   
standard burning rate intended for cold start is 22g/min, hot start is 24g/min, and 
simmering is found to be 18 g/min. 
  
A firepower is the relative amount of a fuel energy spent through the hob for each unit 
time. It was initiated through 6.5KW for cold start, 7.1KWfor hot start and 5.4 KW for, 
simmering correspondingly. 

Table-1 Calculated results for all cold start and Hot Start 

  Units Cold start Hot start 

Trial
-1 

Trial
-2 

Trial
-3 

Avera
ge 

Trial
-1 

Trial
-2 

Tria
l-3 

Average 

Time to heat  
vessel 1 

secon
ds 

1800 2160 2400 2120 1560 1860 228
0 

1900 

Burning time g/sec 0.45 0.36
67 

0.3 0.372 0.43
33 

0.43
33 

0.33 0.38 

Thermal  
efficiency 

% 20 37 31 29.33 28 32 29 29.667 

Consumption 
 of fuel 

g/liter 90 81 70 80.33 70 90 81 80.33 

Firepower Kilo
watts 

0.00
80 

0.00
64 

0.00
52 

0.0065
6 

0.00
76 

0.00
76 

0.00
60 

0.0071 
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Table-2 CO concentration 

 

 

CONCLUSION: 

The novel rocket stove is fabricated and designed for nearby accessible equipment such as 
red dust, coconut fronds, shells and mild steel. from this study the obtained results shows 
the minor pollutant emissions and enhanced fuel efficiency of the novel rocket stove 
based  on WB test excellent fuel reduction rate. 

The performance of novel sky rocket  stove  have  been performed by using WB trial , by 
a cold start state which has its maximum thermal efficiency is  found since the coconut 
leaves  the value of 38% firing, in the coconut shell it has the lowest thermal efficiency 
during the hot start condition from the coconut fronds obtained a high thermal efficiency 
of 41% value the coconut shell has the lowest thermal efficiency was found 18% value in 
next at simmer test the coconut fronds has a highest thermal efficiency of 37% value the 
coconut shell has the lowest thermal efficiency of 25% 
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Abstract: 

In the present work role of Cerium (Ce3+) on the structural, microstructural, Fourier infrared spectroscopic, electrical 
and humidity sensing behaviour CoCr2-xCexO4 (CoCrCe) under frequency & humidity conditions are reported. The 
CoCrCe samples were prepared by solution combustion method.  All the samples were sintered for 3 hours for 
600°C to get a pure crystalline nature without impurity phase. X-ray diffraction confirms the formation of cubic 
spinel structures with typical crystallite sizes less than 16 nm. When Ce3+ ions are replaced by Cr3+ ions, 
compressive lattice strain is produced, hence we found lowering the lattice parameter. Further samples were 
analysed by using FTIR technique to know the information about octahedral and tetrahedral stretching band and it is 
confirming the ferrite structure without impurity. Microstructural studies of the samples were studied by using 
Scanning Electron microscopy. All the samples were confirmed samples are highly porous in nature. High porosity 
will help to humidity sensing behaviour. Elemental analysis was done using Energy dissipative spectra and it 
confirms all the elements is present in the samples. Humidity improves the conduction mechanism in ferrite pellets. 
With increasing relative humidity, resistivity drops considerably. Further we investigated the relevant conductivity 
of the samples, the reaction time of the capacitive sensor, and the humidity influence on the relative permittivity 
characteristics at a constant frequency range of f = 1 kHz. Among all the Ce concentration Ce3+ 2 mole % possess 
superior humidity sensing properties. Our findings indicate that CoCr1.98Ce0.02O4 could be exploited as an active 
material in humidity sensor applications.  
Key words:  Chromate, solution combustion method; humidity; permittivity; electrical conductivity. 
1. Introduction: 
Spinel ferrites are the most studied ceramic materials 
in recent years due to their unusual mix of structural, 
magnetic, and dielectric properties [1-5]. These 
features encourage the use of ferrites in a variety of 
sectors such as high-frequency applications, 
electronic devices, and biological devices as 
catalysts, inductors, sensors, transformer cores, choke 
coils, filters, drug delivery and nonreciprocal devices, 
and so on[5-10]. Because of rising environmental 
concerns, sensors are receiving a lot of attention these 
days [10-15]. Precise humidity monitoring is critical 
in domains such as agriculture, manufacturing 

industries, food storage applications, and indoor and 
outdoor air quality. In enterprises, optimal humidity 
levels are critical for enhancing production efficiency 
[16- 19]. Reduced SARS-CoV-2 transmission is 
associated with increasing relative humidity, the first 
pandemic of the twenty-first century [20–23]. Plant 
growth is negatively impacted by unbalanced 
humidity levels [24–26]. A excellent humidity sensor 
has various properties, including high sensitivity, 
chemical and thermal stability, reversibility, and a 
quick response time. Because of their porous 
structure, wide surface-to-volume ratio, humidity 
variable resistivity, low cost, ease of synthesis, and 
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adaptability in a variety of operating environments, 
spinel magnetic oxides have a significant advantage 
for prospective usage in humidity sensors. Ferrites 
having a spinel cubic structure with general formula 
(A)(B2)O4.. The octahedral and tetrahedral are 
denoted by "B" and "A" respectively. In spinal 
cations A2+ occupy tetrahedral positions, while 
cations B3+ occupy octahedral sites.  Due to its 
chemical stability ferrites are used in the field of 
sensing and electronic industries [27]. To achieve the 
highest possible performance, numerous 
modifications or substitutions with metal ions are 
performed to the spinel's typical stoichiometric 

structure. CoCrCe materials have better thermal and 
chemical stability due to this we intended to chosen 
rare earth (Ce) doped CoCr2O4 to understand 
humidity study. 
 In the present investigation structural, 
microstructural, Fourier infrared, electrical and 
humidity sensing behaviour CoCr2-xCexO4 (x=0 to 
0.02) were prepared by solution combustion method 
were investigated. The effect of relative humidity on 
the electrical response of the rare earth doped 
samples were investigated for potential application in 
humidity sensors applications. 

2. CoCr2-xCexO4 (x=0 to 0.02) synthesis procedure  
2.1 Materials used for synthesis 
In the present work, we have used cobaltous nitrate 
(Co2+), chromium nitrate (Cr3+), and Cerium nitrate 
(Ce3+) as oxidizers. Further we have taken urea and 
glucose as fuels. Pictorial representation of above 
said chemicals and synthesis procedure as shown in  
fig 1. 
2.2 Method of preparation 
A stoichiometric technique is used to weigh oxidizers 
and fuel. All of the weighted chemicals are combined 
in a 500ml glass jar with purified water. After it has 
been dissolved, all of the compounds in the water jar 
are found to have a clear and homogeneous solution. 
The jar with the homogeneous solution is kept in the 
furnace. We must start the furnace and set the 
temperature to 400 degrees Celsius. Due to the high 
temperature maintained in the furnace, all water 
molecules get evaporated and it will start burning 
immediately. This process will take around 20 to 30 
minutes to get powder. Further powder was used for 
further studies for XRD, SEM and FTIR studies. The 
powder samples were uniaxially pressed, using a 
hydraulic press, into a cylindrical mould, which 
developed a down force of 10 tonnes, yielding disk- 
shaped samples for electrical investigations with a 
diameter of 6mm and a thickness of approximately 
1mm. 

   +             

+ + + 

 
 (Ce doped CoCr2O4 powder) 
Fig 1. Molecular structure of oxidizers and fuel use 
of synthesised element 
 
3. Results and discussions structure, 
Microstructure Infrared and humidity sensing 
properties  
3.1 Analysis of structure  
The phase purity and crystal structure of the sinter 
CoCrCe ceramics were determined using XRD 
patterns, as shown in Fig. 2. The data is collected 
using the Rigaku Miniflex diffractometer (Rigaku 
Corporation, Tokyo, Japan) with CuK- radiation (λ = 
1.5418 Å) is used to collect the data. To analysis the 
data Full Prof programme and the Rietveld 
refinement is approached. In good agreement with 
earlier investigations, the XRD patterns of COCrCe 
shows diffraction peaks that were indexed to a cubic 
spinel structure of AB2O4. The difference in the 
intensity of the diffraction peaks could indicate 
morphology and particle size variations. The 
crystallite size (from XRD patterns) EDX 
measurements were performed to gain a better 
understanding of the crystallite size and morphology 
of the samples. The crystallite size were calculated 
through the Debye–Scherrer formula is as shown in 
in equation 1[28] 

--------(1) 
where D is the size of the crystallite, β is the line 
broadening at full width half maximum (FWHM), 
θ is the Bragg angle, λ is the X-ray wavelength, and 
K is a dimensionless form factor with a value near to 
unity. The size of the crystal is decreases with 
increasing Ce concentration.  
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Fig 2  XRD data of  CoCr2-xCexO4[x= 0 to 0.02] 
 
 
 
Lattice parameter were calculated through the 
following formula [29] 
 

 

(2) 

n λ = 2d sinθ 

 
where a0 is the lattice constant, d is the distance 
between crystal atomic layers, and (hkl) is the plane 
indexing. The computed lattice parameters for 
CoCrCe were 8.3289 to 8.3163, respectively, which 
correspond with previous studies. 
 
Table.1 Data obtained from XRD such as Crystallite 
size, unit cell volume, lattice parameter  
 

Ce3+ 
content 
x 

lattice 
parameter 
(Å) 

Crystallite 
Size D in 
(nm) 

Volume 
(Å3) 

Strain 
Є (%) 

Hoping length 
(Å) 
LA LB 

 0 8.3289 10 577.781 1.4317 3.6065 2.9447 

0.005 8.3260 9 577.189 1.3063 3.6052 2.9437 
0.01 8.3194 8 575.8144 1.3724 3.6024 2.9413 

 0.015 8.3180 8 575.5152 1.3823 3.6018 2.9408 

0.02 8.3163 7 575.1686 1.541 3.6010 2.9402 

       

 
3.2 Microstructural Elementary analysis.  
 
Figure 3. SEM micrographs and EDS pattern of 
CoCr2-xCexO4[x=  0.02] 
 
The fracture surface SEM micrographs (Figure 3) 
also demonstrated that the structure is composition 
dependant [30]. Each composition has a typical 

porous structure and tiny crystallites with no interior 
pores but numerous intergrain holes. In the Ce ions-
containing sample created by self combustion, the 
finest granulation and a tendency to agglomerated 
particles were found. Furthermore, the intergranular 
pores are connected via the big pores. The pore 
structure should be viewed as a network of 
interconnected voids that create capillary tubes [31]. 
Dispersive Energy. The amount of Co, Cr, Ce, and O 
present in the compositions was carefully measured 
using Energy Dispersive spectroscopy. The graphs 
are shown in Figure 3. This examination shows that 
the components are present in almost the same 
stoichiometric amount as was kept in distilled water 
according to the chemical composition, with no 
substantial impurities. 
 
3.3. Fourier infrared Spectroscopy analysis. 
Figure 4 depicts the FTIR spectra of the samples. As 
can be seen, all samples display nearly identical IR 
absorption behaviour. The absorption peak locations 
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in the 400–800 cm-1 range are attributed to 
asymmetric stretching and out of plane bending 
vibrations of the cubic structure's octahedral and 
tetrahedral sites.  The graph exhibit 2 absorption 
bands between 609 to 380cm-1, which are typical of 
ferrites. The high frequency band has a frequency 
range of 450–500 cm-1, whereas the low frequency 
band has a frequency range of 550–609 cm-1. These 
two bands correspond to metal ion-oxygen complex 
vibrations at the A and B sites of the ferrite structure 
[8, 25]. It has been discovered that as Ce3+ 
substitution increases, the high frequency band 
expands and the low frequency band contracts. This 
affects the Ce3+- O vibration, lowering the octahedral 
vibrational frequency. This could be one of the 
reasons for the increase in octahedral peak intensity. 
As the concentration of Ce3+ ions with smaller ionic 
radius and atomic weight increases in the tetrahedral 
site, the tetrahedral frequency vibration increases. 
Our samples are all separated into octahedral 
frequency bands [32-34]. 
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Fig 4.  FTIR spectra of the CoCr2-xCexO4[x= 0 to 
0.02] 
 
3.4 variation of the relative permittivity against 
relative humidity 
The humidity is the most crucial parameter, which 
shows its effect on the operation of electronic 
devices. Hence its very important to record the 
humidity level of the environment and to note its 
effects on measured parameters. In this paper for the 
first time, the variation of the electrical conductivity 
with the relative humidity was recorded for the 
(CoCrCe) samples. The conductivity behaviour of 
these samples was tested at ambient room 
temperature with in the relative humidity ranging 
from 0% to 98%. For the measurement the saturated 
salts solutions which gives definite relative humidity 
are used [35]. 
 

 
Figure-5: The variation of the relative permittivity 
against relative humidity at the constant frequency of 
1 kHz. 
 
The Fig.5 depicts the variation of the electrical 
permittivity with the relative humidity of the 
(CoCrCe) samples for different compositions (x = 
0.0, 0.005, 0.010, 0.015 and 0.020). The plots clearly 
depict that, as the relative humidity increases the 
relative permittivity also increases and it is maximum 
for the CoCr2-xCexO4 (x = 0.015) sample. Also, at 
higher humidity level more enhancement in the 
permittivity of the samples is observed. 
3.5 conductivity against relative humidity 
The change in the electrical conductivity with relative 
humidity was shown in Fig. 6. The electrical 
resistance of the CoCr2-xCexO4 (x = 0.0, 0.005, 0.010, 
0.015 and 0.020) samples shows that, as the relative 
humidity increases the conductivity decreases. At 
lower humidity the conductivity is high [36]. 

 
Figure 6. The variation of the conductivity against 
relative humidity at the constant frequency of 1 kHz. 
 
3.6 Electrical capacity and Electrical resistance in 
normalised form at the constant frequency of 1 
kHz. 
The variation of the normalised electrical capacitance 
and normalised electrical resistance with the relative 
humidity at room temperature from 0% to 98% 
relative humidity were recorded and plotted in Fig. 7 
and Fig. 8 respectively. 
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Fig 7 The variation of the electrical capacity in 
normalised form for the CoCr2-xCexO4 (x = 0.005, 
0.010, 0.015 and 0.020) samples at the constant 
frequency of 1 kHz. 
 

 
Figure 8. The variation of the electrical resistance in 
normalised form for the CoCr2-xCexO4 (x = 0.005, 
0.010, 0.015 and 0.020) samples at the constant 
frequency of 1 kHz. 
The Fig.7 clearly depicts that below 40% relative 
humidity the co-efficient of C/C0 indicates less 
sensitivity but as the relative humidity more that 
40%, the samples show good sensitivity. This good 
sensitivity for CoCr2-xCexO4 (x = 0.015) sample may 
be due to the more porous structure of the sample and 
decreased crystallite size. The Fig. 8 show that, as the 
relative humidity increases the co-efficient of 
resistance R/Ro decrease, which intern represents that 
at lower humidity the sensitivity of the sample’s is 
good but at higher humidity the sensitivity is poor.  
3.7. Response time of capacitive sensor and resistive 
sensor. 

 
Figure-9: The Response time of capacitive sensor for 
CoCr2-xCexO4 samples. 
 

 
Figure-10: The Response time of resistive sensor for 
CoCr2-xCexO4 samples. 
 
The timing behaviour is one of the important 
parameters to judge the potentiality of the sensor. In 
the present study response time was examined for the 
CoCr2-xCexO4 samples over a humidity range of 0% 
to 98% at room temperature. The response time was 
measure for the variation in resistive (electrical 
conductivity) and capacitance (electrical 
permittivity). The Fig. 9 depicts that drastic variation 
on the response time for electrical permittivity was 
observed by changing the relative humidity from 
lower to higher humidity. More variation the 
permittivity was observed for all the samples, but the 
CoCr2-xCexO4 (x = 0.015) sample showed a drastic 
variation of the response time, this may be due to the 
synergistic effects and porous nature of the sample.   
The Fig. 10 clearly gives the response timing 
behaviour of the electrical conductivity of the 
samples. The response time for electrical 
conductivity varies more significantly. The 
magnitude of two order change in the electrical 
conductivity was observed for CoCr2-xCexO4 samples. 
Among these samples the CoCr2-xCexO4 (x = 0.015) 
has shown a drastic variation. This may be due to the 
enlarged surface area and maximum porous nature of 
the sample.  
This study gives a new way to the research about the 
electrical conductivity study with the variation in the 
humidity. There are fever literatures are available 
related to this work. The CoCr2-xCexO4 samples has 
shown better variation in the conductivity as the 
humidity changes from 0% to 98% at ambient 
temperature. Among the prepared samples CoCr2-

xCexO4 (x = 0.015) sample has shown good 
sensitivity and better response to the change in the 
humidity 
8. Conclusion  
    In the present work Ce3+ doped and undoped 
CoCr2O4 powder were prepared successfully by 
solution combustion method using glucose and urea 
as fuels for the first of its kind. The impact of the 
Ce3+ on the structural, Spectroscopic and humidity 
sensing properties of CoCr2O4 studied in the present 
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investigation. Further resistivity decreases with 
decreasing crystallite size, the highest   resistivity 
achieved in the case of the lower concentration of 
dopant i.e samples having the highest granulation. 
The Ce3+ substitution adds to a decrease in electrical 
resistivity, putting the material's resistivity into the 
measurable zone, which is beneficial for sensor 
applications. It was discovered that the Ce doped 
CoCr2O4 sample is the most susceptible to humidity. 
The representation from Figure 6 shows acceptable 
response times of about 150 seconds for electrical 
resistivity and about 200 seconds for electrical 
permittivity. 
 
 
References 

1. N. Yamazoe, Y. Shimizu, Humidity sensors: 
principles and applications, Sens. Actuat., 
10 (1986) 379–398. 

2. H. Farahani, R. Wagiran, M.N. Hamidon, 
Humidity sensors principle, mechanism, and 
fabrication technologies: a comprehensive 
review, Sensors, 14 (2014) 7881-7939. 

3. M. Pelino, C. Cantalini, M. Faccio, 
Principles and applications of ceramic 
humidity sensors, Act. Passiv. Electron 
Compon., 16 (1994) 69–87 

4. A.Tripathy, S. Pramanik, J. Cho, J. 
Santhosh, N.A.A. Osman, Role of 
morphological structure, 

5. K. Manjunatha, V. Jagadeesha Angadi, M.C. 
Oliveira, S.R. de Lazaro, E. Longo, R.A.P. 
Ribeiro, S.O. Manjunatha, N.H. Ayachit, 
Towards shape-oriented Bi-doped CoCr2O4 
nanoparticles from theoretical and 
experimental perspective: Structural, 
Morphological, Optical, Electrical and 
Magnetic properties, J. Mater. Chem. C, 9 
(2021) 6452-6469. 

6. K. Manjunatha, V. Jagadeesha Angadi, R. 
Rajaramakrishna, U. Mahaboob Pasha, Role 
of 5 mol% Mg-Ni on the Structural and 
Magnetic Properties of Cobalt Chromates 
Crystallites Prepared by Solution 
Combustion Technique, J. Supercond. Nov. 
Magn., 33 (2020) 2861-2866.  

7. K. Manjunatha, V. Jagadeesha Angadi, K. 
M. Srinivasamurthy, Shidaling 
Matteppanavar, Vinayak K. Pattar and U. 
Mahaboob Pasha, Exploring the Structural, 
Dielectric and Magnetic Properties of 5 
Mol% Bi3+-Substituted CoCr2O4 
Nanoparticles, J. Supercond. Nov. Magn., 
33 (2020) 1747–1757. 
Petrila, F. Tudorache, S. Tascu, 
Micromagnetic investigation of all-optical 

switching, Phys. Lett. A, 377 (2013) 1495–
1498.  
Petrila, V. Manta, Metropolis Monte Carlo 
analysis of all-optical switching, Comput. 
Phys. Commun., 185 (2014) 2874–2878.  
Petrila, F. Ungureanu, V. Manta, Effects of 
laser beam modulation on all-optical 
switching phase diagrams in magneto-
optical ultrafast storage device, J. Comput. 
Electron., 14 (2015) 627–633.  

8. K.K. Bharathi, J.A. Chelvane, G. 
Markandeyulu, Magnetoelectric properties 
of Gd and Nd-doped nickel ferrite, J. Magn. 
Magn. Mater., 321 (2009) 3677–3680.  

9. S. Chikazumi, Physics of ferromagnetism, 
2nd edition (Oxford University Press Inc., 
New York, 1997). 

10. 15 F. Tudorache, I. Petrila, Effects of partial 
replacement of Iron with Tungsten on 
microstructure, electrical, magnetic and 
humidity properties of Copper-Zinc ferrite 
material, J. Electron. Mater., 43 (2014) 
3522–3526. 

11. K. Wu, Y. Lu, Y. Liu, Y. Liu, M. Shen, M. 
Debliquy, C. Zhang, Synthesis and acetone 
sensing properties of copper (Cu2+) 
substituted zinc ferrite hollow micro-
nanospheres, Ceram. Int., 46 (18) (2020) 
28835–28843. 
Petrila, F. Tudorache, Influence of partial 
substitution of Fe3+ with W3+ on the 
microstructure, humidity sensitivity, 
magnetic and electrical properties of barium 
hexaferrite, Superlattices Microstruct., 70 
(2014) 46–53. 

12. K. Manjunatha, V. Jagadeesha Angadi, 
R.A.P. Ribeiro, M.C. Oliveira, S.R. de 
Lázaro, M.R.D. Bomio, S. Matteppanavar, 
S. Rayaprol, P. D. Babu, U. Mahaboob 
Pasha, Structural, Electronic and Magnetic 
properties of Sc3+ doped CoCr2O4 
nanoparticles, New J. Chem., 44 (2020) 
14246-14255.  

13. P.R. Mandal, R. Singh, A. Das, T. Sarkar, 
T.K. Nath, Enhanced magnetodielectric 
response in Dy modified NiCr2O4, J. Magn. 
Magn. Mater., 432 (2017) 49-55. 

14. D. Kumar, K. Nemkovski, Y. Su, C. Rath, 
Enhancement of Curie- and spin-spiral 
temperatures with doping Fe in multiferroic 
CoCr2O4 nanoparticles, J. Magn. Magn. 
Mater., J. Magn. Magn. Mater., 488 (2019) 
165378. 

15. D.P. Dutta, J. Manjanna, A.K. Tyagi, 
Magnetic properties of sonochemically 

ICGCP-2022 Sapthagiri College of Engineering

ISBN: 979-88-35073-61-0 167



synthesized CoCr2O4 nanoparticles, J. Appl. 
Phys., 106 (2009) 043915. 

16. Natalia Betancur-Granados, Oscar Jaime 
Restrepo-Baena, Flame spray pyrolysis 
synthesis of ceramic nanopigments 
CoCr2O4: The effect of key variables, J. Eur. 
Ceram. Soc., 37 (2017) 5051-5056. 

17. K. Manjunatha, V. Jagadeesha Angadi, 
Renan A.P. Ribeiro, Elson Longo, Marisa C. 
Oliveira, Mauricio R.D. Bomio, Sergio R. 
de Lazaro, Shidaling Matteppanavar, S. 
Rayaprol, P.D. Babu, Mahaboob Pasha, 
Structural, electronic, vibrational and 
magnetic properties of Zn2+ substituted 
MnCr2O4 nanoparticles, J. Magn. Magn. 
Mater., 502 (2020) 166595. 

18. V. Jagadeesha Angadi, K. Manjunatha, K. 
Praveena, Vinayak K. Pattar, Brian Jeevan 
Fernandes, S. O. Manjunatha, Jakeer 
Husain, S.V. Angadi, L.D. Horakeri, K.P. 
Ramesh, Magnetic properties of larger ionic 
radii samarium and gadalonium doped 
manganese zinc ferrite nanoparticles 
prepared by solution combustion method, J. 
Magn. Magn. Mater., 529 (2021) 167899. 

19. Pankaj Choudhary, P. Saxena, A. Yadav, V. 
N. Rai, A. Mishra, Dielectric and 
ferroelectric properties of CoCr2O4 
nanoceramics, J. Adv. Dielectr., 9 (2019) 
1950015. 

20. K. Manjunatha, V. Jagadeesha Angadi, 
Brian Jeevan Fernandes, K.P. Ramesh, 
Synthesis and Study of Structural and 
Dielectric properties of Dy-Ho doped Mn-
Zn Ferrite Nanoparticles, Ferrite, Intech 
Open publishers, (2021), ISBN: 978-1-
83962-887-0. DOI: 
10.5772/intechopen.99264 

21. V. Jagadeesha Angadi, K. Manjunatha, 
Mustafa Akyol, Ahmet Ekicibil, Shidaling 
Matteppanavar, A. V. Pavlenko, S. P. 
Kubrin, Temperature-Dependent Dielectric 
and Magnetic Properties of Scandium-
Substituted HoFeO3 Nanoparticles, J. 
Supercond. Nov. Magn., 33 (2020) 3525–
3534. 

22. S. Pavithradevi, N. Suriyanarayanan, T. 
Boobalan, Synthesis, structural, dielectric 
and magnetic properties of polyol assisted 
copper ferrite nano particles, J. Magn. 
Magn. Mater., 426 (2017) 137-143. 

23. K. Ali, J. Iqbal, T. Jan, I. Ahmad, D. Wan, I. 
Ahmad, Influence of NiO concentration on 
structural, dielectric and magnetic properties 
of core/shell CuFe2O4/NiO nanocomposites, 
Mater. Chem. Phys. 195 (2017) 283-294. 

24. K. Manjunatha, K.M. Srininivasamurthy, 
C.S. Naveen, Y.T. Ravikiran, E.I. Sitalo, 
S.P. Kubrin, Siddaling Matteppanavar, N. 
Sivasankara Reddy, V. Jagadeesha Angadi, 
Observation of enhanced humidity sensing 
performance and structure, dielectric, optical 
and DC conductivity studies of scandium 
doped cobalt chromate, J. Mater. Sci. Mater. 
Electron., 30 (2019) 17202-17217. 

25. P. Samoila, T. Slatineanu, P. Postolache, 
A.R. Iordan, M.N. Palamaru, The effect of 
chelating/combustion agent on catalytic 
activity and magnetic properties of Dy 
doped Ni–Zn ferrite, Mater. Chem. Phys., 
136 (2012) 241–246.  

26. R. Sharma, S. Singhal, Structural, magnetic 
and electrical properties of zinc doped nickel 
ferrite and their application in photo 
catalytic degradation of methylene blue, 
Phys. B, 414 (2013) 83–90.  

27. M.S.R. Prasad, B. Prasad, B. Rajesh, K.H. 
Rao, K.V. Ramesh, Magnetic properties and 
DC electrical resistivity studies on cadmium 
substituted nickel–zinc ferrite system, J. 
Magn. Magn. Mater., 323 (2011) 2115–
2121.  

28. Florin Tudorache, Investigations on 
microstructure, electrical and magnetic 
properties of copper spinel ferrite with WO3 
addition for applications in the humidity 
sensors, Superlattices Microstruct. 116 
(2018) 131-140. 

29. F. Tudorache, I. Petrila, P.D. Popa, S. Tascu, 
Influence of thermal treatment on the 
structure, humidity sensitivity, electrical and 
magnetic properties of barium–tungsten 
ferrite, Compos. B Eng., 51 (2013) 106–111. 

30. F. Tudorache, I. Petrila, K. Popa, A.M. 
Catargiu, Electrical properties and humidity 
sensor characteristics of lead hydroxyapatite 
material, Appl. Surf. Sci. 303 (2014) 175–
179.  

31. I.Petrilaa, F. Tudorache, Effects of sintering 
temperature on the microstructure, electrical 
and magnetic characteristics of copper-zinc 
spinel ferrite with possibility use as 
humidity sensors, Sensors and Actuators: A. 
Physical 332 (2021) 113060.  

32. F. Tudorache, Investigations on 
microstructure, electrical and magnetic 
properties of copper spinel ferrite with WO3 
addition for applications in the humidity 
sensors, Superlattices and Microstructures 
116 (2018) 131e140.  

 
 

ICGCP-2022 Sapthagiri College of Engineering

ISBN: 979-88-35073-61-0 168



Study on Mechanical Characteristics of GF65/PA6 
Composite Laminate 

 
Ram Kumar. M*¹, A.M.Mahesha2, Mahesh S3, Mohan. A.E4 

Department of Mechanical Engineering, Sapthagiri College of engineering 

#14/5 Chikkasandra, Hesaraghatta main road, Bangalore- 57 India 

¹ramkumarm@sapthagiri.edu.in 

²ammahesha@sapthagiri.edu.in 

³maheshs@sapthagiri.edu.in 
4mohanae@sapthagiri.edu.in 

 

 

 

 

Abstract – In this paper, the mechanical properties of 

the composite material i.e Glass fiber 65 reinforced in 

Polyamide (Nylon6) composite material is determined 

using micromechanical analysis techniques like like rule 

of mixtures, semi-empirical model, and finite element 

analysis and validated with the experimental results. 

From the evaluation and study of PA6 GF65 composite, 

it can be noticed that the results obtained through 

experimental results are in excellent agreement with 

finite element and numerical results. So it can be 

concluded that finite element method can be used as one 

of the methods to determine the composite properties. 

The advantage of finite element method over 

experimental method is that the specimen model may not 

be prepared and broken. Hence the cost of 

manufacturing a specimen can be reduced 
 

Keywords – Glass fiber Composite, Polyamide 

Composite, Nylon6, Laminate analysis 

I.INTRODUCTION TO MICROMECHANICS 

Study of mechanical behaviour of a composite material 
in terms of its constituent materials is termed as 
micromechanics. In this approach we find the average 
properties of composite ply from the individual 
properties of the constituents. Note that the average 
properties are derived by considering the ply to be 
homogeneous. At this level, one can optimize for the 
stiffness and strength requirements of a lamina. 

 
Given the (linear and/or nonlinear) material properties 
of the constituents, one important goal of 
micromechanics of materials consists of predicting the 

response of the heterogeneous material on the basis of 
the geometries and properties of the individual phases, a 
task known as homogenization. The benefit of 
homogenization is that the behaviour of a 
heterogeneous material can be determined without 
resorting to testing it. Such tests may be expensive and 
involve a large number of permutations Furthermore 
continuum micromechanics can predict the full multi- 
axial properties and responses of inhomogeneous 
materials, which are often anisotropic. Such properties 
are often difficult to measure experimentally, but 
knowing what they are, is a requirement, e.g. for 
structural analysis involving composites. To rely on 
micromechanics, the particular micromechanics theory 
must be validated through comparison to experimental 
data. 
The second main task of micromechanics of materials is 
localization, which aims at evaluating the local (stress 
and strain) fields in the phases for given macroscopic 
load states, phase properties, and phase geometries. 
Such knowledge is especially important in 
understanding and describing material damage and 
failure. 
Most methods in micromechanics of materials are based 
on continuum mechanics rather than on atomistic 
approaches such as molecular dynamics. In addition to 
the mechanical responses of inhomogeneous materials, 
their thermal conduction behaviour and related 
problems can be studied with analytical and numerical 
continuum methods. All these approaches may be 
subsumed under the name of "continuum 
micromechanics". 
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II. RULE OF MIXTURES 

 
Rule of Mixtures is a method of approach to 
approximate estimation of composite material 
properties, based on an assumption that a composite 
property is the volume weighed average of the phases 
(matrix and dispersed phase) properties. 

A. Strength of Materials Approach 

In this approach we consider a representative volume 
element (RVE) of a unidirectional lamina, which 
consists of the fiber surrounded by the matrix as seen in 
Figure 1. 

 

Fig.1 RVE of the composite 

Assumptions made in strength of Material approach are 
1. The bond between the fibers and matrix is perfect. 
2. The elastic moduli, diameters and space between 
fibers are uniform. 
3. The fibers are continuous and parallel. 
4. The fibers and matrix follow Hooke’s Law i.e. they 
are linearly elastic 
5. The fibers possess uniform strength. 
6. The composite is free of voids 

 

In this approach we consider a representative volume 
element (RVE) of a unidirectional lamina, which 
consists of the fiber surrounded by the matrix. 

The representative volume element can be further 
represented as rectangular blocks. The fiber, matrix, and 
the composite are assumed to be of the same width, h, 
but of thicknesses tf, tm, and tc, and cross-sectional 
areas Af, Am, Ac respectively 

Longitudinal Young’s modulus (E1) which is the 
modulus of composite along the fiber direction is given 
by 

E1 = 1/ 1 = Ef * Vf +Em* Vm 

Ef = 85000Mpa Em = 2400Mpa Vf =0.65 

E1 =56090Mpa 

Transverse Young’s modulus (E2) which is the modulus 
of composite along the fiber direction is given by 

E2 = 2/ 2 = (Vf *Em+ Vm* Ef) / (Ef *Em) 

E2 = 6515.49 Mpa 

Major Poisson’s Ratio is given by 

12 = f * VF + m* Vm ; 12 =0.2525 

Minor Poisson’s Ratio is given by 

21 = 12 * (E2/E1); 21=0.02933, 23 =0.32789 

In plane Shear Modulus is determined as 

G12 = (Gf * Gm) / (Vf * Gm+ Gm * Ef) 

G12 = 2426.58 Mpa 

G23 = E2 / 2* (1+ 23) 

G23 =2453.32 Mpa 

B. Halphin-Tsai Semi Empirical Models 

Halphin-Tsai model is a mathematical model for the 
prediction of elasticity of composite material based on 
the geometry and orientation of the fiber and the elastic 
properties of the fiber and matrix. The model is based on 
the self-consistent field method although often consider 
to be empirical. The values obtained for transverse 
Young’s modulus and in plane shear modulus through 
rule of mixture method do not agree well with 
experimental results. This establishes a need for better 
modelling techniques. 
These techniques include numerical methods such as 
finite element method, finite difference, and boundary 
element methods, elasticity solution and variational 
principal models. Unfortunately, these models are 
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available as complicated equations or in graphical form. 
Due to these difficulties, semi empirical models have 
been developed for design purposes. The most useful of 
these semi empirical models include those of Halphin 
and Tsai, since they can be used over a wide range of 
elastic properties and fiber volume fractions. 

 
Halphin and Tsai developed their models as simple 
equations by curve fitting to results that are based on 
elasticity. The equations are semi empirical in nature 
since involved parameters in the curve fitting carry 
physical meaning 

 
The Halphin-Tsai equation for the longitudinal Young’s 
modulus is same as that obtained through strength of 
materials approach, that is, 
E1 = 1/ 1 = Ef * Vf +Em* Vm 

Ef = 85000Mpa Em = 2400Mpa Vf =0.65 

E1 =56090Mpa 

Transverse Young’s modulus, E2, is given by 

E2/Em = (1+ * *Vf)/ (1-*Vf) 

where  = ((Ef/Em)-1)/ ((Ef/Em) +) 

 is called reinforcing factor which depends upon fiber 
geometry, packing geometry and loading conditions 
= 0.91982, E2 = 13105.24 Mpa 

Major Poisson’s ratio is given by 
12 = f * Vf +m * Vm 

12 = 0.2525 

Minor Poisson’s Ratio is given by 
21 =12 * (E2/E1) 

21=0.05900 

23= 12 * (1- 21) / (1- 12) 

23 =0.31786 

In-plane shear Modulus is G12 is G12/Gm= 

(1+Vf)/ (1-Vf) 

where  = ((Gf/Gm)-1)/ ((Gf/Gm) +) 

Hewitt and Malherbe suggested choosing a function 
 = 1+40 * Vf10 for Vf >50% 
= 1.53851 
 = 0.93866 

G12 =4420.13 Mpa 

G23 =4972.17 Mpa 

Table 1: Elastic constants of PA6 GF65 by theoretical 
calculations 
Elastic 
Constants 

Strength of 
Materials 
Approach 

Halphin-Tsai 
semi empirical 
method 

E1 56090 Mpa 56090 Mpa 
E2 6515.49 Mpa 13105.24 Mpa 
G12 2426.58 Mpa 4420.13 Mpa 
12 0.2525 0.2525 
21 0.02933 0.05900 

 
Figures 2, 3 and 4 shows the variation of Stress strain 
values for Longitudinal Tensile test, Transverse Tensile 
test and Shear test 

 
 

Fig.2 Variation of stress strain values for 

longitudinal Tensile Test 
 

 

Fig.3 Variation of stress strain values for Transverse 

Tensile Test 
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Fig.4 Stress-strain plot for Shear Test 

 

 
III. LAMINATE ANALYSIS 

A. Finite Element Analysis of Laminate Ply 

A structure made of composite materials is generally a 
laminate structure made of various laminas stacked on 
each other. Knowing the macromechanics of a single 
lamina, one develops the macromechanics of a laminate. 
A lamina (also called a ply or layer) is a single flat layer 
of unidirectional fibers or woven fibers arranged in a 
matrix. A laminate is constructed by stacking a number 
of such laminae in the direction of the lamina thickness. 
Mechanical structures made of these laminates, such as a 
leaf spring suspension system in an automobile, are 
subjected to various loads, such as bending and twisting. 
The design and analysis of such laminated structures 
demands knowledge of the stresses and strains in the 
laminate. Also, design tools, such as failure theories, 
stiffness models, and optimization algorithms, need the 
values of these laminate stresses and strains. 

 
Here, the finite element analysis of laminate is carried 
out to determine the stresses and strains induced in the 
laminate under various loading conditions. Three main 
types of loading conditions are investigated to determine 
the mechanical properties. They are 

 
1. Longitudinal loading of composite laminate 
2. Lateral Loading of composite laminate 
3. Shear loading of composite laminate 

 

Stress- Strain analysis of PA6 GF65 composite is carried 
out using ANSYS 11.0 software and SHELL99 element 
is used for the analysis. Fiber orientations are varied 
considerably for different loading conditions to obtain 
desirable results 

B. SHELL 99 ELEMENT 
 
 

 

Fig.5 Shell99 Geometry 

 

 
IV. FINITE ELEMENT ANALYSIS OF 

COMPOSITE 
 

Following are the steps followed in order to carry out the 
finite element analysis of 
composite: 
1. Modeling of the composite model 
2. Discretization of continuum. 
3. Preprocessing 
4. Solution or Processing 
5. Post-Processing 

 
Modeling of the composite laminate is done using Ansys 
preprocessor. Rectangular area of specific dimensions 
(50mm*10mm) is modeled and real constants like 
number of layers, layer thickness and orientations are 
provided for the element. Discretization of the composite 
shell element is done using Ansys mesh tool and 2D 
quadrilateral elements are used for meshing. Mesh is 
refined to obtain the desirable results. 
The material properties and the element constants that 
are provided are written in an input file in the 
preprocessor of the software. The nodal coordinates and 
the boundary conditions are read by the preprocessor. 
Loading conditions are varied for tensile and shear test 
accordingly. For tensile test, one end of the model is 
constrained to all degrees of freedom and load applied is 
applied as pressure (2000N) at the free end of the model. 
For shear loading the load (1000N) is applied at the both 
the ends and fibers are oriented in [+45/-45/+45/- 
45/+45/-45] directions. The required element geometry 
and the vectors are generated for the chosen element by 
the preprocessor. Then the assembly module produces 
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the global matrix equation of the finite element model. 
The solution for the governing matrix equations is done 
and recorded in the output file. 

 
The graphical output of the recorded solution can be 
viewed in this stage. In this stage, displacement, 
maximum inter-laminar stresses and strains are recorded. 

 
A. LONGITUDINAL TENSILE TEST 

 
Longitudinal tensile test can be simulated using finite 
element analysis for the composite laminate. A simple 
rectangular cross-sectional area of required dimensions 
is created and the real constants like number of layers, 
layer thickness and fiber orientations are provided for the 
shell99 element used for the analysis. In this longitudinal 
tensile test, all fibers are oriented in 0 degrees with 
respect to the laminar axis. Model is constrained at the 
fixed end by all degrees of freedom and a tensile load of 
2000N is applied at the free end. 

 
Element Chosen: SHELL99 
Dimensions of the Laminate ply: 50*10mm 
Thickness of each layer =0.6 
Number of Layers =6 
Thickness=3.6mm 

 
 

 
Fig.6 Boundary and loading condition for Tensile 

Test 

 

 
Fig 7: Layer orientation for longitudinal Tensile Test 

 
 

Fig 8: Stress plot for 0 degree laminate subjected to 

tensile load 
 

 
Fig 9: Strain plot for 0 degree laminate subjected to 

tensile load 
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B. TRANSVERSE TENSILE TEST 
 

Transverse tensile test can be simulated using finite 
element analysis for the composite laminate. A simple 
rectangular cross-sectional area of required dimensions 
is created and the real constants like number of layers, 
layer thickness and fiber orientations are provided for the 
shell99 element used for the analysis. In this transverse 
tensile test, all fibers are oriented in 90 degrees with 
respect to the laminar axis. Model is constrained at the 
fixed end by all degrees of freedom and a tensile load of 
2000N is applied at the free end. Results obtained like 
stresses and strains are studied and compared with the 
experimental results. 
Element Chosen: SHELL99 
Dimensions of the Laminate ply: 50*10mm 
Thickness of each layer =0.6 
Number of Layers =6 
Thickness=3.6mm 

 
Boundary and loading conditions for transverse tensile 
test is same as that for longitudinal tensile test only 
difference is that for longitudinal tensile test fibers are 
oriented at 0 degrees i.e. along the direction of loading 
and for transverse tensile test fibers are oriented at 90 
degrees i.e. across the direction of loading 

 
 

Fig 10: Strain plot for 90 degree laminate subjected 

to tensile load 

 
 

 
Fig 11: Strain plot for 90 degree laminate subjected 

to tensile load 

C. SHEAR TEST 
 

Shear test can be simulated using finite element analysis 
for the composite laminate. A simple rectangular cross- 
sectional area of required dimensions is created and the 
real constants like number of layers, layer thickness and 
fiber orientations are provided for the shell99 element 
used for the analysis. In this shear test, laminate plies 
with [+45/-45/+45/-45/+45/-45] distribution are loaded 
on both the free ends with a pressure of 1000N. Results 
obtained like stresses and strains are studied and 
compared with the experimental results. 
Element Chosen: SHELL99 
Dimensions of the Laminate ply: 50*10mm 
Thickness of each layer =0.6 
Number of Layers =6 
Thickness=3.6mm 

 

 
Fig.11 Boundary and loading condition for Shear 

Test 
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Fig.12 Layer Orientations for laminate subjected to 

shear load 

V. RESULTS & DISCUSSION 

Elastic properties of GF65/PA6 obtained by 
experimental testing and finite element analysis are 
tabulated as shown in the table and graphs are plotted 

 
Table 2: Comparison of elastic constants obtained by 
finite element and experimental testing 

Elastic Constants Experimental 
Testing 

Finite Element 
Analysis 

Longitudinal 
Young’s Modulus 

(E1) 

 
55429.59 MPa 

 
56499.11MPa 

Transverse Young’s 
Modulus (E2) 13854.18 MPa 13170.47 MPa 

Shear Modulus (G12) 4444.84 MPa 4790.80 MPa 
 

Experimental results and finite element results obtained 
 

 
 
 

Fig.12 Displacement plot for laminate subjected to 

shear load 
 

 
Fig.13 Stress plot in X direction (along the direction 

of loading) for laminate subjected to shear load 

for Longitudinal (Figure 14), lateral (Figure 15) and 
transverse tensile tests (Figure 16) are plotted in the 
following graphs 

 

Fig.14 Longitudinal Tensile Test comparison 
 

 
Fig.15 Transverse Tensile Test comparison 
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Fig.16 Shear Test Comparison 

 
 

VI. CONCLUSIONS 

From the results compared and the graphs, observation 
can be made that the finite element analysis coincides 
with the results obtained using experimental results. So it 
can be concluded that finite element method can be used 
as one of the methods to determine the composite 
properties. The advantage of finite element method over 
experimental method is that the specimen model may not 
be prepared and broken. Hence the cost of manufacturing 
a specimen can be reduced so analysis technique can be 
used to model the composite for any specific application. 

 
ACKNOWLEDGMENT 

 
We would like to express our sincere gratitude to the 
Management, Dr. H Ramakrishna, Principal of 
Sapthagiri College of Engineering, Bengaluru for the 
facilities provided and their support. Also we would like 
to thank Dr. P Mahadevaswamy the Head of department, 
Mechanical Engineering and faculties for their 
encouragement and support. 

 
 

REFERENCES 
 

[1]. Du-Xin Li, Xin Deng, Jin Wang, Jun Yang, 
Xiangxiang Li, Mechanical and tribological properties of 
polyamide 6–polyurethane block copolymer reinforced 
with short glass fibers, Wear, Volume 269, Issues 3-4, 
18 June 2010, Pages 262-268 

 
[2]. Plamen G. Malchev, Gerard de Vos, Stephen J. 
Picken, Alexandros D. Gotsis, Mechanical and fracture 
properties of ternary PE/PA6/GF composites , 

Composites Science and Technology, Volume 70, Issue 
5, May 2010, Pages 734-742 

 
[3]. Izabella Krucinska, Eulalia Gliscinska, E. Mäder, R. 
Habler, Evaluation of the Influence of Glass Fibre 
Distribution in Polyamide Matrix During the 
Consolidation Process on the Mechanical Properties of 
GF/PA6 Composites, FIBRES & TEXTILES in Eastern 
Europe, January/March 2009, Vol. 17, No. 1 (72) 

 
[4]. Syed Altaf Hussain, B. Sidda Reddy and V. 
Nageswara Reddy, Prediction Of Elactic Properties Of 
FRP Composite Lamina For Longitudinal Loading, 
ARPN Journal of Engineering and Applied Sciences 
Vol. 3, No. 6, December 2008 

 
[5]. Thomason, J.L. (2008), The influence of fibre 
length, diameter and concentration on the strength and 
strain to failure of glass-fibre reinforced Polyamide 6, 6. 
Composites Part A: Applied Science and Manufacturing, 
39 (10). pp. 1618-1624. ISSN 1359- 
835X 

 
[6]. Shaocheng Ji, Generalized means as an approach for 
predicting Young’s moduli of multiphase materials, 
Materials Science and Engineering A366 (2004) 195– 
201 

[7]. Qing-Sheng Yang , Qing-Hua Qin, Modelling the 
effective elasto-plastic properties of unidirectional 
composites reinforced by fibre bundles under transverse 
tension and shear loading, Materials Science and 
Engineering A344 (2003) 140-1 

ICGCP-2022 Sapthagiri College of Engineering

ISBN: 979-88-35073-61-0 176



Mechanical Properties Characterization of Graphene 
Reinforced Epoxy Polymer Nano Composite 

Prashanth B S, Prashanth P, Prathap N, Prithvi K#1, Ramesh N G#2 
#1Student, Dept. of Mechanical Engg., Sapthagiri college of Engineering 

Bangalore-560073, India 
 

#2Asst. Professor, Dept. of Mechanical Engg., Sapthagiri college of Engineering 

Bangalore-560064, India 

 
Abstract — Graphene is a novel class of Nano fillers 

possessing outstanding characteristics including most compatible 

with most polymers, high absolute strength, high aspect ratio and 

cost effectiveness. In this study, graphene was used to reinforce 

epoxy as a matrix, to enhance its mechanical properties. Graphene 

are reinforced into epoxy matrix to prepare the composites by 

hand lay-up technique. Four weight percentages were used for 

these studies which are 0.5 wt%, 1.0 wt% 1.5 wt% and 2 %. . 

Mechanical properties are investigated in terms of tensile, flexural 

and Hardness test as per ASTM standards. The results have been 

shown that mechanical properties are increased with increase the 

percentage of glass fiber in epoxy matrix. 

 

Keywords- Graphene nano particles, Epoxy, Mechanical 

properties, ASTM Standards. 

I. INTRODUCTION  
Over the last thirty years composite materials, plastics and 
ceramics have been the dominant emerging materials. The 
volume and number of applications of composite materials 
have grown steadily, penetrating and conquering new 
markets relentlessly. Modern composite materials constitute 
a significant proportion of the engineered materials market 
ranging from everyday products to sophisticated niche 
applications. While composites have already proven their 
worth as weight-saving materials, the current challenge is to 
make them cost effective. The efforts to produce 
economically attractive composite components have 
resulted in several innovative manufacturing techniques 
currently being used in the composites industry. It is 
obvious, especially for composites, that the improvement in 
manufacturing technology alone is not enough to overcome 
the cost hurdle. It is essential that there be an integrated effort 
in design, material, process, tooling, quality assurance, 
manufacturing, and even program management for 
composites to become competitive with metals. 
Composite materials are engineered materials in which more 
than one material with significant mechanical properties are 
combined to form a single structure having unique 
properties. The superior properties of the composite material 
depend upon the properties of constituent materials as well 
as the properties of the interface.  
 Generally the composites are made of two constituent 
materials such as matrix and reinforcement. The matrix 
material surrounds and supports the reinforcement materials 

by maintaining their relative positions and provides the bulk 
form of the product.  The role of reinforcements provides 

excellent physical properties to enhance the matrix 
properties.  Composite materials produce considerable 
enhancement in material properties when compared with the 
conventional materials.  
The reinforcement material is generally stronger and stiffer 
than the matrix materials, which leads to good physical 
properties. The matrix holds the reinforcements in a regular 
pattern. Both matrix and reinforcement materials are 
combined properly to achieve the required property. 
In polymer nanocomposites, polymers are reinforced with 
small amount of nano sized particles. The dispersed phase 
can be inorganic particles, clays, minerals etc. The particle 
filled polymer composites have been extensively studied 
because of their wide spread applications in the field of 
automobile, electrical industries, aeronautical and 
household. Numerous scientists have focused on the interest 
that nanocomposites offer for applications in high 
performance coatings, catalysis, magnetic, electronics and 
biomedical materials. 
The primary goal of polymer nanocomposites research is to 
enhance the strength and toughness of polymeric 
components using nano particles. Due to the addition of filler 
materials into matrix materials, the mechanical properties 
such as modulus, tensile strength, flexural strength, impact 
strength have been improved and also increased gas barrier, 
increased heat distortion temperature etc. 

 

II. EXPERIMENTAL PROCEDURE 
  2.1 MATERIAL 
 
Epoxy resin refers to a type of reactive prepolymer and polymer 
containing epoxide groups. These resins react either with 
themselves in the presence of catalysts, or with many co-
reactants like amines, phenols etc. it was manufactured by 
araldite with commercial name Epoxy LY 556 (Epoxy 
Monomer) and Hardener HY-951.were Supplied by zenith 
industrial supplier, Bengaluru . Graphene nano particles were 
supplied by Ultra nanotech Pvt ltd. Bengaluru their purity was 
higher than by 99%. The average Size of Nano particles is 5nm. 
The properties are listed in the table 2.1 
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Table: 2.1 

 

Material -Epoxy LY 556 

Aspect (visual)  Yellow viscous liquid 

Viscosity at 25 °C 10000 – 12000 [MPa s] 

Density at 25 °C 1.15 – 1.20 [gm/cm3] 

 

Material –Graphene 

Purity Greater than 99% 

Thickness 5–10 nm 

Length  5-10 micron 

Density 3.1 g/cm3 

 

2.2 FABRICATION 

In this study, manual hand layup method is used for 
preparing composite laminates as shown in Figure 2.21. First 
of all, a release gel is sprayed on the mould surface to avoid the 
sticking of epoxy to the surface. Thin plastic sheets are used at 
the top and bottom of the mould plate to get a good surface 
finish of the product. Reinforcement in the form of Graphene 
nano particles .Then epoxy in liquid form is mixed thoroughly 
in suitable proportion with a prescribed hardener (curing agent) 
and poured onto the surface of mat already placed in the mould. 
The epoxy is uniformly spread with the help of the brush and a 
roller is moved with a mild pressure on the Graphene-epoxy 
layer to remove any air trapped as well as  After placing the 
plastic sheet, release gel is sprayed on the inner surface of the 
top mould plate which is then kept on the stacked layers and the 
pressure is applied. After curing either at room temperature or 
at some specific temperature at 60˚C - 80˚C, the mould is 
opened and the developed composite part is taken out and 
further processed. For epoxy based system, normal curing time 
at room temperature is 24 - 48 hours. 

 

    

                    Figure 2.21 hand layup technique 

2.3 TESTING OF COMPOSITES 

Tensile Test 

The tensile test is done by cutting the composite 
specimen as per ASTM: D638 standard (sample dimension is 

216 × 19 × 3 mm3). A universal testing machine (UTM) 
(Model: KIC-2-1000-C) is used for testing with a maximum 
load rating of 100 KN. Composite specimens with different 
fiber combinations are tested, which are shown in Figure 2.31. 
In each case, three samples are tested and the average is 
determined and noted. The specimen is held in the grip and load 
is applied and the corresponding deflections are noted. The load 
is applied until the specimen breaks and break load, ultimate 
tensile strengths are noted. Tensile stress and strain are 
recorded and load vs length graphs are generated. 

 

 

 
Figure 2.31 ASTM D638 Standard 

 

 
Flexural Test 

The flexural test is done in a three point flexural setup 
as per ASTM: D790 standard (sample dimension is 150 × 12.7× 
10 mm3). When a load is applied at the middle of the specimen, 
it becomes bends and fractures as shown in Figure 2.32. This 
test is carried out in the UTM from which the breaking load is 
recorded and load vs length graphs are generated. 
 

 
Figure 2.32 ASTM D790 Standard 

 
 

Hardness test 

 

Hardness is the resistance to permanent indentation or 
penetration. Hardness of materials like polymer, elastomer and 
rubbers is measured by Shore D scale. Durometer has an 
indenter loaded by a calibrated spring. The hardness is 
determined by the penetration depth of the indenter under the 
load. Hardness test is done by preparing the specimen as per 
ASTM: D2240 standard. 

 
3. RESULT and DISCUSSION 

Tensile Strength 

Tensile properties are studied as per ASTM-D638 
using universal testing machine (Model 6025 UK), at 10 
mm/minute cross-head speed, using specimen with a width of 
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19 mm, length of 165 mm and thickness of 3 mm. ASTM 
standard specimens were prepared for tensile testing and the 
average values of calculated tensile strength of different 
samples were tabulated in Table 3.1 

 

Sl.No Sample 
Tensile 
Strength 
(N/mm2) 

1 Epoxy 14 

2 99.5 % Epoxy +0.5% Graphene 21.80 

3 99 % Epoxy + 1% Graphene 18.79 

4 98.5 % Epoxy +1.5% Graphene 24.16 

5 98 % Epoxy + 2% Graphene 27.82 

 
From the results, it was observed that the Graphene nano 
particle reinforced with Epoxy specimen possessed higher 
tensile strength than that of plain Epoxy specimen. it is also 
concluded that tensile strength of the polymer composite 
increases with the increase in reinforcement material. 
 
 

 
 

Figure 3.1: Tensile Strength vs Reinforcement 
 

. It was also seen that the specimen had the peak value of tensile 
strength obtained at 2 wt % of Reinforcement as shown in 
Figure 3.1. 

 
Flexural Strength 

 

Flexural strength is the ability of composites or 
materials to resist bending deflection when energy is applied to 
the structure.  

 
 

 

 

Sl.No Sample 
Flexural Strength 

(N/mm2) 

1 Epoxy 42 

2 99.5 % Epoxy +0.5% Graphene 49.69 

3 99 % Epoxy + 1% Graphene 33.86 

4 98.5 % Epoxy +1.5% Graphene 46.96 

5 98 % Epoxy + 2% Graphene 46.38 

 
           

 
Figure 3.2: Flexural Strength vs Reinforcement 

 

It was seen that Flexure strength did not much increase with 
increase of graphene content when compared with the plain 
Epoxy.  
 
Hardness test 

 

Hardness number is resistance to penetration, 
indentation or abrasion when load is applied on the materials. 
The increase in the hardness number of the material shows the 
resistance to penetration. 

 

Sl.No Sample Shore Hardness 
Hs 

1 Epoxy 46 

2 99.5 % Epoxy +0.5% Graphene 75 

3 99 % Epoxy + 1% Graphene 82 

4 98.5 % Epoxy +1.5% Graphene 84 

5 98 % Epoxy + 2% Graphene 78 

 
. 
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Figure 3.3: Shore D Hardness number vs Reinforcement 
 

From the results, it was observed that the Graphene 
nano particle reinforced with Epoxy specimen possessed higher 
Hardness number than that of plain Epoxy specimen. Higher 
hardness number 84 was obtained at 1.5 wt % of Reinforcement 
as shown in Figure. 

 
4. CONCLUSIONS 

 The prepared Graphene reinforced Epoxy composites are 
tested for mechanical properties and following conclusions are 
drawn: 

1. The mechanical properties such as tensile, found to be 
maximum for Graphene Reinforced composite with 
maximum 2% wt of Graphene Nano fillers. 

2. The mechanical properties such as flexural strength 
did not much increase with increase of graphene 
content when compared with the plain Epoxy.  

3. The mechanical properties such as Hardness number 
did not much increase with increase of Reinforcement 
content. Higher hardness number 84 was obtained at 
1.5 wt % of Reinforcement. 
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Abstract:- Agriculture starts from human existence. It is 

important part in human life as it feed us and thereby it runs 

the ecosystem though. It is extreme important section for 

living beings. But modern farming techniques are heavy-

coughed and very intensive. Modern tractors which runs by 

fuel are detrimental to environment and not affordable to 

farmers. Tilling in farming is main step and traditional 

techniques were time consuming and very intensive and 

modern ones are non-affordable and hazardous to 

environment. Portable Electric power tiller machine uses 

battery-powered mechanism to serve the tilling purpose at 

minimum cost, time in tilling and thereby increasing 

productivity, efficiency to enhance healthy environmental 

purpose too.  

  

Keywords:- Electric Tiller machine, motor, portable, mini 

tractor, frame design, vibration and traction effort.   

  

I. INTRODUCTION  

  

To enable good soil gripping, the machine uses a wheel with 

welded angles. The wheel design was created to offer a tight 

grip on the soil that would allow the cultivator prongs to be 

dragged during the tilling process. The machine is turned on 

and off using a switch on the handle. The machine is powered 

by an electric motor that drives the pulling wheel using a 

sprocket chain configuration.  

The motor is powered by a battery and has enough force to 

draw the forks through the soil. The three cultivator forks 

allow for precise and easy tilling, which is ideal for farming. 

The machine's direction can be easily controlled while in use 

because to its portable, lightweight construction. For carrying 

the machine, it can also be simply carried around in vehicles                   

or by hand. As a result, the electric power tiller offers a smart, 

fuel-free mechanism for farm and garden tilling.  

Prashant Rahat et al., [1] studied the portable battery charged 

electric power tiller machine. Farming practises used in 

traditional agriculture. To provide maximum soil grip, the 

machine uses a wheel with welded angles. The wheel design 

was created to offer a strong grip on the soil that would allow 

the cultivator prongs to drag during the tilling process. An 

electric motor drives the pulling wheel through a sprocket 

chain arrangement. By adopting a motorised tilling system, it 

minimises human effort at a very low cost. Using a unique 

portable design, the electric power tiller reduces the time and 

cost of tilling, enhancing agricultural output and efficiency.  

 

Zakariya et al., [2] after preliminary study, it was found out 

that power tiller could be adopted for weeding. As a result, 

the study sought to improve its performance by altering some 

essential components, such as weeding blades and depth 

blades. Three sets of four, six, and eight blade gangs were 

fabricated from 3 mm mild steel sheet metal. There were four 

levels of blade types 'B' and three levels of weeding depth 'D.' 

At two (2) weeks, the field was put out in a 43 randomised 

complete block design.  

 

Shabbir J. Karjatwala et al., [3] studied and concluded that 

traditional farming methods, which are time-consuming, 

labour-intensive, and expensive, therefore they introduced 

new technologies. Machines are commonly employed for 

farming purposes in India, which is at a higher level. They are 

creating this model in order to solve this challenge. This 

document discusses the operating machinery that would be 

used to till one and a half hectors. With this new technology, 

the plough will be able to go ahead and the base wheel will 

rotate with blades that provide traction.  

 

Mahesh Gavali et al., [4] in their study, a comparison of 

portable welders and power tillers in the Indian market is 

examined. Various weed-removal procedures for crops are 

also mentioned. The examination of various equipment used 

for mechanical weed removal is the main focus of this project. 
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According to this survey, the majority of Indian farmers, the 

majority of whom are small-scale farmers, can only afford 

portable welders. As a result, mechanical weed management 

is not used by these small-scale farmers. These small-scale 

farmers primarily utilise chemical and manual weeding 

methods. Portable welders are less expensive to operate and 

maintain, according to the literature review, but they are also 

less adaptable. Power tillers are more expensive, but they are 

more efficient.  

In this current project work the objectives are as follows:  

• Design of electrically operated tiller machine for field 

conditions.  

• Conducting standard analysis of different working 

parameters for same operating conditions.  

• Comparison between working model and other active 

machines in present. 

 

  

II. EXPERIMENTAL DETAILS 

 

A motorised tiller is operated by walking behind the machine. 

The machine consists of electric motor, battery, chain 

sprocket, wheel angles, bearing, electrical & wiring, mounts 

and joints, supporting frames, screw and fitting, bicycle 

wheel, the machine is powered by an electric motor that drives 

the pulling wheel using a sprocket chain configuration. The 

motor that drives the forks into the soil is powered by a 

battery. The cultivator forks enable for precise and easy 

tilling, as required by farming. The machine is light in weight 

and portable. Due to easy construction of machine the 

maintenance is very low.   

The machine works on motor which gives power to overall 

system to run the object. The machine is drive by electric 

motor which is in contact with belt drive which ultimate helps 

to run the working of wheels of tiller during operation. For 

tiller machine the neat and accurate modification of 

supporting frame is provide For tiller machine the neat and 

accurate modification of supporting frame is provided which 

gives output voltage of fixed proposition. It is in such way that 

magnitude remains constant and input voltage doesn't change 

for conditions of voltage. Regulator connected at main wire 

which is connected to switch. Regulator and wire are 

connected to motor to running the operation. Motor is fitted to 

suitable angle as per stability for a worker during operation. 

Wheels are provided for ease in working during agriculture. 

When motor generates power machine runs and thereby teeth 

run side by side capable of digging in agricultural land with 

ease. One sensor is provided. The working of sensor is to stop 

or to cut off the extra or over or the extra energy which not 

needed battery is placed for energy supply to working of tiller 

machine. 

  

  

    

  

 

 

 

 

 

Fig.1 3-D view of conceptual tiller. 

 

 

 

 

 

 

 

Fig. 2 Conceptual front view of Tiller. 

 

 

  

       

 

 

 

 

 

 

 

 

Fig. 3 Conceptual drawing of Tiller. 
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III. DISCUSSION 

  

The power tiller is most suited for usage in hilly locations, 

moist conditions, and on small farms because it can do both 

primary and secondary tillage operations. The power tiller, 

with the correct set of tools and attachments, can handle most 

of the field operations in intensive cultivation. The power 

tiller's small weight makes it ideal for working in both wet and 

dry situations. Depending on the type of work, external 

attachments can be added to the tiller. As a result, the tiller can 

be utilised for a variety of tasks.  
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Abstract — In the present work we investigate the electronic 
structural microstructure and spectroscopic characteristics of 
LuFeO3. Sample is prepared by the solution combustion 
method. X-ray diffraction patterns of LuFeO3 nanoparticles 
confirms the orthorhombic structure crystallite size were found 
in nano range. X-ray photoelectron spectra were excited with a 
monochromatized AlK _-line radiation. Absolute resolved 
energy interval was 0.6 eV, which was determined with the 
Ag3d5/2 line. The diameter of the X-ray spot on a sample was 
500 mkm; it was small enough to study the samples obtained  
Mossbauer spectra of LuFeO3 were collected in the temperature 
range of 13K – 700K. At 700K the spectra of both samples are 
paramagnetic doublets with similar parameters. At the lowest 
temperature (14K) the spectra of both samples are magnetically 
split sextets. The isomer shift values of the sextets and doublets 
are typical for Fe3+

 ions in oxygen octahedron. .Morphology 
study and elemental analysis results reveals that the particle 
morphology and size is highly dependent on the reaction 
temperature, synthesis method and fuel. Further the active 
vibrational bands in these spectra correlate to the functional 
groups found in the examined system. 
 
Keywords— XPS, Powdered XRD, FTIR, SEM, Mössbauer 
spectroscopy, LuFeO3 

 

 1.INTRODUCTION  
The most stable orthorhombic structure -LuFeO3 and the 
metastable hexagonal structure- LuFeO3 are both found in 
Lu-ferrite [1, 2]. Because of its meta-stability, experimental 
studies of bulk hexagonal structure- LuFeO3 
multiferroicity are difficult and consequently uncommon 
[3–5]. Further because of hexagonal structure-LuFeO3 has 
a greater unit cell capacity than O- LuFeO3. Although 
hexagonal structure- LuFeO3 films may be stabilized on 
various substrates, strain effects, interface/surface effects, 
and widely present flaws in films can all have a significant 
impact on their inherent physical characteristics [6]. As a 
result, it’s critical to conduct experiments with high-
quality bulk samples. However, unlike RMnO3, where the 

hexagonal phase takes precedence over the orthorhombic   
when   R3? is   low,   the   orthorhombic phase in RFeO3 is 
always stable since Lu3? is alreadythe smallest rare earth 
ion. Scandium (Sc)-substituted LuFeO3  has  recently  been  
found   to   have   a stable hexagonal structure [6]. Three 
intriguing questions have arisen as a result of this research. 
First, why does the addition of Sc maintain the hexagonal 
structure, despite the fact that neither ScFeO3 nor LuFeO3 
prefers the P63cm hexagonal form? Second, how such a 
swap affects or does not influence certain physical features, 
particularly multiferroicity. Third, does the replacement 
result in a high-temperature magnetic transition? There was 
no magnetic measurement above  ambient  temperature in 
Ref., although a mild ferromagnetic order was identified 
below TR 162 K. Further, P. V. Coutinho etal. [7] 
reported structural, vibrational, and magnetic properties of 
the orthoferrites LaFeO3 and YFeO3: A comparative study. 
He concentrated specifically distortions induced in the bulk 
material due to the exchange between elements with 
different atomic radii in the individual A sites of 
perovskite. He got single phase with orthorhombic-
distorted structure belonging to the space group Pnma. 
But we need to understand RFeO3 structure in proper 
manner. C Sai Vandana et al. [8] reported cobalt-
substituted GdFeO3 orthoferrites. These sample 
orthoferrites disclosed the orthorhombic Pbnm structure. It 
is thus a perfect time to take a step back and recap what we 
already know about the structure of RFeO3. The main 
motivation of the work is how functional materials work in 
order to design the next generation of materials in their 
domains. We chose LuFeO3 and Lu(YFe)O3 to study the 
electronic structural and spectroscopic properties using X-
ray photoelectron spectroscopy and Mossbauer spectra to 
accomplish this. 
In this work in order to understand the electronic structure  
of  LuFeO3and  Yttrium-doped  LuFeO3 
samples were examining through X-ray photoelectron 
spectroscopy and Mossbauer Spectra. 
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2.Experimental  
2.1 Method 
The LuFeO3 powdered samples are produced by combustion 
method(CM) using  carbamide and glucose. Oxidizers(O) and 
fuels(F) is taken 1:1 ration. All the O and F i.e Lu(NO3)3.5H2O, 
(NH2CONH2) and (C6H12O6) are mixed in a 500 ml beaker with 
distilled water. The solution is kept in furnace which is heated 
at 450 °C. After completion of burning process powdered is 
heated for 1250 degrees Celsius to get phase. 
2.2 Characterizations 
XRD is used to characterise the sintered samples, which uses 
CuK radiation. The data were taken in the detector-angle 
regime (2θ), with a step of 0.02° per minute, in the range of 20° 
to 80°. The Bragg reflection peaks identify the crystalline 
phases of the materials. 
Using an X-ray photoelectron microprobe ESCALAB 250, 
XPS of powdered samples are collected at ambient temperature. 
A monochromatized AlK-radiation was used to excite the 
spectra. The Ag3d5/2 line profile provided the absolute energy 
resolution of 0.6 eV. The X-ray spot on a sample surface had a 
diameter of 500 um. To compensate for the sample's charge, 
slow  electron flow was utilized. The C1s line was used to 
monitor the status of the surfaces. Although its intensity was 
modest, the line was nevertheless discernible against the 
background, allowing us to use it to calibrate the energy scales 
for all of the spectra. The binding energy of the C1s line was 
calculated to be 285 eV. 
  The MS1104Em spectrometer, created and 
manufactured by Southern Federal University's Scientific 
Research Institute of Physics, was used to capture Mössbauer 
spectra. The geometry of a moving source is used. 57Co in a 
chromium matrix was used as the source of γ-quanta. The 
isomer shifts were estimated using the metallic -Fe as a 
reference. The samples were cooled in the helium cryostat 
CCS-850 (Janis Res. Inc., USA). The experimental spectra 

were 
fitted 
using 

SpectrRelax software (Matsnev & Rusakov, 2012).Morphology 
of the samples were done by using SEM (S-4800-Hitachi-
Japan)Agilent FTIR were were employed to characterizethe 
nano-sized LaFeO3 powder. 
 
3. Results and discussion. 
3.1 XRD Analysis 
In Fig. 1 we have presented  XRD graphs of LuFeO3 
nanoparticles confirms the orthorhombic structure. XRD data is 
matched to ICDD: 98-002-7285 [9]. All the diffraction peaks 
can be indexed to the o-LuFeO3 phase, and no traces of second 
phases are detected in the XRD patterns. The peak position and 
intensity is confirms no change in  orthorhombic structure. The 
size of the sample are calculated by use of Scherrer formula(1) 
and found to be 56 nanometer range [10].  
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Fig. 1: X-ray diffraction patterns of LuFeO3 nanoparticles 

3.2. XPS. 
XPS spectra were obtained using X-ray photo-electron 
microprobe ESCALAB 250. Powder particles are deposited on a 
conductive carbon double sided adhesive tape secured to the 
metal sample holder. 
Figure 2 shows survey spectra from the surface of  LuFeO3 
nanoparticles. 
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Fig. 2. Survey spectra from the surface of LuFeO3nanoparticles. 
 
The survey spectrum shows that the qualitative elemental 
composition of the studied sample corresponds to the declared 
one. To determine the quantitative composition, the standard 
technique described in [11] was used. In accordance with this 
technique, Fe2p, Lu4d,  and O1s X-ray photoelectron lines were 
recorded separately. 
Elemental composition of the sample was determined via a 
standard method using the relation: (1): 

 
Here Ii are the integral intensities of the  Fe2p3/2,1/2,  Lu4d5/2,3/2 and 
O1s XPS lines, and Ii

∞ are Wagner’s empirically derived atomic 
sensitivity factors for XPS. The background was subtracted using 
Shirley method. Elemental composition was then determined 
using the software kit of the spectrometer. Table 1 shows the 
elemental composition of nanoparticle samples, measured by the 
above method of X-ray photoelectron spectroscopy. 
 
Table 1. Elemental composition of nanoparticle sample in at.%, 
measured by X-ray photoelectron spectroscopy 
 
 
Figure 3 shows the Fe2p3/2,1/2, Lu4d5/2,3/2 and O1s XPS of 
nanoparticles of the sample with the formal elemental LuFeO3.  
 Considering that the surface of nanoparticles is analyzed, the 
elemental composition presented in Table 1 does not coincide 
with the formal composition. The reason for this discrepancy is 
primarily the excess in oxygen. The actual formula of the 
compound that nanoparticles consist of according to Table 1 can 
be written Lu1.23Fe0.34O3.43. This means that the elemental 
composition of the nanoparticle surface measured by the XPS 
method has a lack of iron and an excess of lutetium and oxygen. 
Table 2 shows the binding energies of Fe2p3/2,1/2, Lu4d5/2,3/2, and 
O1s levels determined from X-ray photoelectron spectra in 
LuFeO3 nanoparticles. 

𝐶𝑖 =
𝐼𝑖/𝐼𝑖

∞

 𝐼𝑗/𝐼𝑗
∞𝑛

𝑗=1

 

Sample Lu Y Fe O 

LuFeO3 ; 24.6 - 6.7 68.6 
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Fig. 3. Fe2p3/2,1/2, Lu4d5/2,3/2 and O1s XPS X-ray photoelectron 
spectra of nanoparticles of samples with the formal elemental 
composition LuFeO3 . 
 
Table 2 Binding energies of Fe2p3/2,1/2, Lu4d5/2,3/2, 2  and O1s 
levels in nanoparticles with the formal composition LuFeO3 . 
 
 
In Fig. 3, component B in the O1s spectrum with an energy in 
the range of 531.4–531.7 eV, according to [12–14], refers to 
oxygen adsorbed on the surfaces of nanoparticles. The presence 
of this component increases the integral intensity of the O1s 
spectrum and changes the elemental composition normalized to 
100%. We attribute the other component A with an energy of 
529.2 eV in both samples to the oxygen of metal oxides. 
Fe2p3/2,1/2 –  X-ray photoelectron spectrum has a charge transfer 
satellite located at about 718.2 eV between the Fe2p3/2 and 
Fe2p1/2 peaks. According to the data [13,14], this makes it 
possible to unambiguously classify  iron in the nanoparticle 
sample under study as trivalent.   Lutetium, according to the 
binding energies of the Lu4d levels in Table 2, is also trivalent 
[15,16].  
Figure 4 shows the X-ray photoelectron spectrum of the valence 
band of nanoparticles of the composition Lu1.23 Fe0.34O3.43. 
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Fig.4 , Valence bands of samples of nanoparticles 
Lu1.23Fe0.34O3.43. 
 
VB Lu1.23Fe0.34O3.43 the spectrum is decomposed into 
components corresponding to the position of the valence  Fe3d 
and Lu 4f states in iron and lutetia, respectively [15,17]. Due to 
the small amount of lutetium in the Lu 4f sample, the states are 
less pronounced in the valence band of the Lu1.23Fe0.34O3.43  
nanoparticles. 
 
 
 
 

3.3 Mössbauer spectra 
LuFeO3 Mössbauer spectra were recorded at temperatures 
ranging from 13K to 700K. The spectrum of LuFeO3 at 700K is 
composed of paramagnetic doublets with the values indicated in 
Table. The quadrupole splitting values found are comparable to 
those obtained by Eibschutz et al. [19]. Zeeman splitting lines 
emerge in the spectra of both samples at temperatures below 620 
K. The sextet is the only component of the spectrum of LuFeO3 
samples below 615. We utilize a sextet with the most likely value 
of the hyperfine magnetic field to match spectra recorded around 
the magnetic phase transition temperature. The distribution of 
hyperfine magnetic fields was used to find the most likely value 
of the hyperfine magnetic field. The spectrum is magnetically 
split sextet at the lowest temperature (14K).The isomer shift 
values of the sextets and doublets are typical for Fe3+

 ions in 
oxygen octahedron [18]. 

Table 3 Parameters of LuFeO3 Mössbauer spectra 
T, 
K 

Componen
t 

δ±0.001
, mm/s 

Δ/ε±0.001
, 
mm/s 

H±0.4
, 
kOe 

Γ±0.002
, mm/s 

14 Sextet 0.464 -0.015 546.2 0.266 
10
0 

Sextet 0.460 -0.017 543.1 0.291 

20
0 

Sextet 0.417 -0.019 525.6 0.330 

30
0 

Sextet 0.354 -0.019 489.0 0.389 

40
0 

Sextet 0.289 -0.019 433.7 0.406 

50
0 

Sextet 0.223 -0.019 356.5 0.453 

60
0 

Sextet 0.151 -0.019 176.9 0.668 

60
7 

Sextet 0.137 -0.019 129.7 0.756 

61
5 

Doublet 0.141 0.348  0.407 

62
5 

Doublet 0.138 0.324  0.368 

65
0 

Doublet 0.113 0.330  0.326 

70
0 

Doublet 0.075 0.334  0.334 

δ - isomer shift, ε - quadrupole shift, Δ -quadrupole splitting for 
paramagnetic component, H - hyperfine magnetic field on 57Fe 
nucleus, Γ – linewidth. 

 
Fig. 5. Mössbauer spectra of LuFeO3. 
 
 

Sample Lu4d Fe2p O1s 
A B A B A B C 

LuFeO3 
; 

195.7 205.8 709.6 723.2 529.2 531.4 532.9 
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Fig. 6. Temperature dependencies of hyperfine magnetic field 
H(T) and quadrupole shift ε(T) for LuFeO3. 
 
The temperature dependence of hyperfine magnetic field values 
(H(T)) for the LuFeO3 sample is shown in Fig. 6a. Power Law 
and Brillouin functions were used to fit the H(T) dependencies. 
The best match was found in the second scenario, as shown by 
the dashed curve in Fig. 6a. Near 610K, the H(T) of LuFeO3 
becomes zero. The Curie (TC) temperature values obtained are 
lower than those recorded in polycrystal samples [20, 21]. The 
decrease in TC could be explained by the nanoscale reduction 
in crystalline size. The temperature dependences of quadrupole 
shift values ((T)) are shown in Fig. 6b. For LuFeO3, the (T) 
dependencies change their slopes towards 200K. The following 
equations can be used to describe the quadrupole shift: 
𝜀 =

𝑒𝑄𝑞

2
(
3 cos2 𝛼−1 

2
), 

where Q is the nuclear quadrupole moment, q is the magnitude 
of the largest component of the electric field gradient (EFG) and 
α is angle between hyperfine magnetic field (H) and EFG. If we 
assume that 𝑒𝑄𝑞

2
 do not change significantly in whole 

temperature range, then ε value is mainly determined by α. The 
α could change due to reorientation of H or EFG. The first case 
means the spin reorientation transition which accompanied by 
changing of quadrupole shift sign [22]. Since we do not observe 
the changing of quadrupole shift sign the anomaly on ε(T) 
dependencies cannot be associated with reorientation transition. 
Therefore, the anomaly on ε(T) can be explained by changing 
direction of EFG. The reorientation of EFG can occur duo to 
some rearrangement of electronic structure.  
 
 
3.4. Microstructural analysis  
Rare-earth orthoferrites LFeO3 powders; the SEM morphology 
of the powder calcined at 1250 °C is illustrated in Fig 7. . It is 
seen that the particle morphology and size is highly dependent 
on the reaction temperature, synthesis method and fuel. In 
general, fuels like citric acid, amino acid, carbamide, and 
hydrazine compound are used in solution combustion. The cost 
of amino acids and hydrazine compounds is high, and car-
capacity bamide's to chelate and complex metallic cations is 
limited. Furthermore, carbamide's combustion temperature 
might reach 1,600°C, making it difficult to generate ultrafine 
powder with good dispersion. Surprisingly, urea and glucose 
are a type of polycarboxylic acid with a low price, strong 
chelation ability, and mild combustion temperature, making 
them an excellent choice as a fuel for LuFeO3 preparation. 
Solution combustion is a complex technique that necessitates 
strict drying conditions and costly alkoxide precursors [17]. 
What's more, because the phase of LuFeO3 may be directly 
generated in the as-burnt powder, the calcination temperature 
for LuFeO3 is relatively low using this solution combustion 
approach. To generate the required LueFeO3 phase, other 
procedures in related sources typically require calcination 
temperatures of up to 1250°C. Citric acid functions as a fuel for 

the combustion process and is oxidized by the nitrates, resulting 
in a considerable volume of brown smoke developing during the 
self-propagating combustion process. 

 

 
Fig 7. SEM micrograph and EDAX pattern of LuFeO3 
To further examine the presence and the atomic percentage of Lu, 
Fe,  and oxygen in the prepared samples, dispersive analysis of 
X-rays (EDAX) was employed. Figure 7 shows the EDAX 
spectra of LuFeO3 in which presence of Lu, Fe ions are clearly 
seen. The percentage composition of given elements for all 
prepared composition as obtained by EDAX. 
3.5 FTIR analysis  
The synthesised samples' Fourier Transform Infrared (FTIR) 
spectra are recorded in the 400–4000 cm-1 range, as shown in Fig 
8. The active vibrational bands in these spectra correlate to the 
functional groups found in the examined system. The 
development of LuFeO3 phase corresponds to the active 
vibrational bands at 402 and 554 cm1 [20-21]. Fe–O bending 
vibrations of FeO6 are identified in the band at 402 cm-1, and it 
is sensitive to the Fe–O–Fe bond angle. Due to the technological 
constraints of the apparatus, this band does not appear in the case 
study. The two observed peaks are thought to reflect the primary 
characteristics of perovskite oxides [22]. 
 

 
Fig. 8 FTIR Spectra LuFeO3 

 

4. Conclusion  

 

 X-ray diffraction patterns of LuFeO3 nanoparticles confirms the 
orthorhombic structure. crystallite size of LuFeO3.found in nano 
range. The XPS data confirmed that all lutetium and iron in the 
samples are trivalent. The Fe2p3/2,1/2, Lu4d5/2,3/2 and O1s XPS X-
ray photoelectron spectra of nanoparticles of the sample with the 
formal elemental composition LuFeO3. The presence of this 
component increases the integral intensity of the O1s spectrum 
and changes the elemental composition normalized to 100.  
Mössbauer spectra of LuFeO3 were collected in the temperature 
range of 13K – 700K. At 700K the spectra of the samples are 
paramagnetic doublets with similar parameters. At the lowest 
temperature (14K) the spectra of both samples are magnetically 
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split sextets. The H(T) for LuFeO3 become zero near 610K, The 
obtained values of the Curie temperature are lower than those 
of the observed in polycrystal samples. The temperature 
dependencies of quadrupole shift change their slopes near 200K 
for LuFeO3. These anomalies correspond to the spin 
reorientation transitions. SEM confirms the morphology of the 
samples in porous nature. Stretching vibration band were 
studied by FTIR. 
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ABSTRACT: This paper illustrates the
description about the complete design and
working of a motorized scissor jack. A Scissor
jack is mechanical equipment used to lift up
heavy loads. The power screw mechanism
included in a scissor jack is design to lower the
amount of force needed to lift the heavy loads.
The operation of a scissor jack starts by using a
z shaped crank that is mounted to a small hole
on the mechanism. After rotating the crank, the
screw jack rotates and acts like a gear
mechanism. The lifting section consists of arms.
The turning of screw operates the arms in such
a way that it lifts up very gently. Now the arm
rotates very gently and force needed to lift the
vehicle is divided into parts and user can lift
very heavy objects with comparatively very less
force. Also the weight of the load is not enough
to push the scissor down, since it would require
very large force. Thus it allows us to life heavy
loads like cars by just using human strength,
also the system is further improved by making
it motorized so user does not need to operate it
manually but just press a button for lifting and
lowering it.
Keywords – scissor jack, light source, motorized scissor
jack

I. INTRODUCTION
With the increasing levels of technology, the efforts
being put to produce any kind of work has been
continuously decreasing. The efforts required in
achieving the desired output can be effectively and
economically be decreased by the implementation of
better designs.

Scissor Jack are used to convert rotary motion into
translatory motion. A Scissor Jack is an example of a
power screw in which a small force applied in a
horizontal plane is used to raise or lower a large load.
The principle on which it works is similar to that of an
inclined plane. The mechanical advantage of a Scissor
Jack is the ratio of the load applied to the effort applied.
The Scissor Jack is operated by turning a lead screw.
The height of the jack is adjusted by turning a lead
screw and this adjustment can be done either manually
or by integrating an electric motor.
In this project, an electric motor will be integrated with
the Scissor Jack and the electricity needed for the
operation and there by the mechanical advantage will
be increased.

II. PROBLEM STATEMENT
Available jacks present difficulties for the elderly
people and women and are especially disadvantageous
under adverse weather conditions. Presently available
jacks further require the operator to remain in
prolonged bent or squatting position to operate the jack
which is notergonomic to human body. It will give
physical problems in course of time. Moreover, the
safety features are also not enough for operator to
operate the present jack.
Furthermore, available jacks are typically large, heavy
and also difficult to store,transport. Carry or move into
the proper position under an automobile. The purpose
of this project is to overcome the Problems. An
automatic car jack which has a frame type of design by
using electricity from the car will be developed.
Operator only need. to press the button from the
controller without working in a bent or squatting
position for a long period of time to change the tire.
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III. OBJECTIVES
Main objectives of project are:
1. To design a power scissor jack which is safe and

reliable to raise and lower the load easily.
2. To develop a car jack that is power car and fully

automated with a button System.
3. To reduce the time consumption
4. Easy to operate
5. Easy maintenance

IV. METHODOLOGY

Fig 1: block diagram of motorized scissor jack

3D DESIGN OF MOTORIZED SCISSOR
JACK

Figure: Top view

Figure: Front view

Figure: Isometric view

COMPONENTS

1. Scissor jack
A scissor jack is operated simply by turning a small
crank that is inserted into one end of the scissor jack.
This crank is usually "Z" shaped. The end fits into a
ring hole mounted on the end of the screw, which is the
object of force on the scissor jack. When this crank is
turned, the screw turns, and this raises the jack. The
screw acts like a gear mechanism. It has teeth (the
screw thread), which turn and move the two arms,
producing work. Just by turning this screw thread, the
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scissor jack can lift a vehicle that is several thousand
pounds.

Fig 2: Scissor jack

2. 12V DC Geared motor
 Geared motors are a very high torque motors.
 Gear box is built to handle the stall torque

produced by the motor.
 Uniformity of part

Specifications:
 Motor type selected: 12V DC Geared motor
 Operating voltage: 12V DC
 Rated current: ≤4800ma
 Shaft length: 27mm
 Shaft diameter: 8mm

Fig 3: 12V DC geared motor

3. Nut and bolt

Fig 3: Nut and bolt

A nut is a type of fastener with a threaded hole.
Nuts are almost always used in conjunction with a
mating bolt to fasten two or more parts together.
The two partners are kept together by a
combination of their threads friction (with slight
elastic deformation), a slight stretching of the bolt,
and compression of the parts to be held together.

4.Motor controller

Fig 4: Motor controller
5. Remote

Fig 5 remote control
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6. Assembly of Motorized scissor jack

Fig 6: Assembly

7. Construction & working:

Fig 7: Construction of motorized scissor jack
STEP 1: The 12V Adopter is used to drive the D.C
motor. The D.C motor shaft is connected to the screw
through coupling. If power is driven to the D.C motor,
it will run so that the screw also runs and converts
rotary to translatory motion. The arms of jack move
upwards, so that the vehicle lifts from the ground. The
vehicle is lifted by using the lifting platform at the top

of the jack. The motor draws power supply from the
electricity. The lifting and uplifting is done by changing
the supply to the motor controller.
STEP 2: After pressing the switch, power from motor
controller is transferred to the motor that is connected
to the screw. Now the screw starts moving. Now
controlling the switch in remote.
STEP 3: Now pressing the switch, the circuit is
completed and voltage from the adapter is pass to the
motor controller. When tapping the switch to the
positive pole, positive voltage is supplied to the DC
motor moves in clockwise direction and lead screw
moves in downward direction.
STEP 4: When tapping the switch to the negative pole,
negative voltage is supplied to the DC motor moves in
anticlockwise direction and lead screw moves in
upward direction. In this way the directions of motor
can be controlled which in turns regulate the lift load
direction either upward or downward as per the
requirements.

V. CONCLUSION
Our proposed design is similar to common
SCISSOR designs in some aspects, but also
advantageous in others. It can safely raise a load of
800kg to the required heights with relative ease on
the user. The features of our design are lifting the
required load without human effort by using 12V
DC supply, to lift the heavy vehicles and making
easy manufacturing. Unique to our design,
however, is the manufacturability of our design,
which is much simpler.
Since only z-shapes are utilized, bulk material can
be more efficiently purchased and used. Also, less
machining is required since there are no complex
sleeves for the power screw. Only simple
attachments which can be welded on are proposed.
Therefore, when compared to similar scissor jack
designs that perform equally as well, our proposed
design is recommended for its easy handling,
manufacturability and lower cost. We recommend
that this design will very useful at the time of tyre
puncture and absence of cleaner without any
human effort. It can be easily operated by ladies
and handicapped. If this project is developed to
high load carrying capacity, the heavy vehicles can
be lift with less effort.
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VI. SCOPE OF FUTURE WORK
In this section, further areas of improvement and
enhancement points that can be looked upon to
make the product more attractive in the market
were suggested.
 As a development the web part of the arms can

be replaced by stiffening ribs to reduce the
overall weight .

 The top and base plates can be made fold able
to make the unit more compact.

 Permanently mounted jacks on the vehicle can
be developed so that tire change can be
completely automated.
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Abstract — This paper illustrates the description about 

the complete design and working of a multipurpose 

vehicle which is used to detect landmines using a metal 

detector and computer vision. The lifecycle of landmines 

are forever. Unless and until someone finds out where 

these dangerous mines have been planted rest of the 

society is in danger. 

Landmines are the most used common traps that are 

setup to mainly harm the enemy, but innocent individuals 

fall into this trap and suffer casualties. Many individuals 

get in danger of working on the front lines to detect such 

mines .So in order to ensure the safety of the personal this 

vehicle has been designed. This system can be 

implemented at any location at any time since it works 

wirelessly and is battery powered. The techniques 

described in this paper are having their own merits and 

demerits, but all of these are discussed below. 

 

Keywords—Arduino Uno, handheld metal detector, 

L298 motor driver module, Lithium polymer battery, HC-05 

Bluetooth module, camera module . 

 
I. INTRODUCTION 

 
Many countries in the deepest parts of Africa suffer from 

the problem of landmines. During the current war between 
Ukraine and Russia landmines have been planted by both 
parties to which the innocent public gets affected. In the early 
and current days landmines are setup and covered in such a 
way that the enemy would not be able to spot it. This is a 
problem that a lot of local people are currently facing. The 
guardian news agency estimates that an average of five – six 
people die due to landmines in Nigeria. 

Keeping the cost point of view and the technology basics 
used, the locals do not have to depend upon the government to 
develop and provide these technologies. Rather they can use 
the same materials described in the paper which is available on 
the market to assemble it by themselves. Currently metal 
detectors are available but neither of them are wireless. These 
systems have been developed also to avoid the casualties of 
landmine personal and ensure their safety too. 
 

II. PROBLEM STATEMENT 
 

Detection of landmines can be made using a metal 
detector, but the problem of these machines are that none of 
them are portable rather they are handheld where in which the 
person who is operating these machines comes in close contact 
with these landmines and can fall prey. A mistake can also be 
made by the operator may ultimately lead to injuries or death. 

 
The United Nations claims that there were around 7000 

casualties who suffered major injuries because of landmines and  
 

 

2800 victims died. This data is usually made from the 
areas monitored nearly highly conflictive and dangerous war 
zones  But if we consider the local people who have suffered the 
number is estimated to grow even more even though more 
donation has been received. This clearly states that basic 
technology use and locals volunteering are the best way to 
eradicate this problem, so that their communities and societies 
can be safe and protected.  

 
III. OBJECTIVES 

 
The main objective of this paper is to develop 

technologies in making the metal detection more cost 
effective, affordable and safe as possible. Keeping the safety 
factor in mind the following vehicle has been designed to 
work wirelessly and provide the accurate reading output as 
possible.  

To make this project fully functional and encourage 
researchers to develop new solutions using these technologies 
certain goals has to be met:- 

1. Ideally the built metal detection vehicle must have a 
very low ground pressure so that it will not be able 
to trigger the landmine. 

2. Maneuverability is also a technical programmable 
challenge. The robot has to designed and 
programmed in such a way that it can rotate left and 
right by its own axis. 

3. Use technologies like Arduino, computer vision etc. 
which already has a major source or community of 
developers who may volunteer to openly help so 
that they can make the model more efficient. 

4. Must be able to detect mechanically pressure 
sensitive landmines which are usually made up of 
metal casing. 

5. Make the technology hardware and software open-
source so that the community can actively decide 
and update the software including hardware as well. 

6. To make use of CPVC pipes as they are much 
cheaper and cost effective rather compared to 
traditional materials such as aluminium or iron. 
 
 

IV. LITERATURE SURVEY 
 

1. Wouter van Verre et al. stated in his article about 
defining ways in which metallic objects can be found out 
in the soil with a method called magnetic induction 
spectroscopy. 

2. Ross N. Gillanders et al. implemented a new way of 
searching landmines. He defined that a honeybee based 
bio hybrid system is the best approach for splitting up 
the land area. This means that the landmines will be 
assessed based on breaking down the given landmark  
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into a honey bee based hexagonal structure and covering 
these areas proportionately. 

3. Hany kasban et al. has introduced a system where in 
which he has outlined the different types of landmines 
that are in use. He also discusses about the different 
methods that are used to detect landmines such as 
ground penetrating radar, microwave radar, millimeter 
wave radar, LIDAR, optical detection, nuclear 
quadrupole  resonance radar. 

4. L.Silberbauer et al. defined in his article upon detecting 
landmines in different geographical conditions. This was 
achieved by designing a 6 wheel rover which had the 
ability to operate on  steep hills as well. 

 
 

V. METHODOLOGY 
 

To drive the multipurpose vehicle we will be using 
direct current motor. The motor will be powered by a 
lithium polymer based battery. This metal detection 
vehicle will be controlled using Bluetooth through our 
smartphone. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig 1 : Flowchart diagram of the multipurpose vehicle 
 
 
 

VI. COMPONENTS 
 

1. Smartphone controller : 
 

 
 

Fig 2 : Pic of the controller available on the smartphone app 
 
 
 

 
The smartphone app send the signals to the Arduino via a 
Bluetooth module. The variable stored in each button is as 
shown : 

 
2. Lithium polymer battery :   
 
 

 

 
 

Fig 3 : Absd lithium polymer battery 
 

Unlike other radio controlled cars this vehicle needs a 
power source which is why we are using a lithium polymer 
battery which is most suitable for these kinds of projects and 
is also rechargeable, portable and easily available.  

We have used a 3 cell lithium polymer battery with an 
XT-60 connector and a 4 plug connector for recharging. 
 

 
 
3. Lithium polymer battery charger : 

 

 
 

Fig 4 : Battery recharger 
 

As the vehicle is being used the power gets discharged 
from the battery due to which it needs to be recharged. We 

are using the B3 pro battery recharger which works for both 

2 cell and 3 cell batteries. 
 
 
 
 

DIRECTION VARIABLE STORED 

Forward F 

Reverse B 

Left L 

Right R 

SPECIFICATIONS RANGE 

Discharge Voltage 11.1 V – 12.2 V 

Discharge Current 2.2A 

Storage capacity 2200maH 

Charging current 3*700ma 

SPECIFICATION RANGE 

Input voltage 110-240V, 50-60 Hz 

Output current 700mA 

Smartphone  
bluetooth 

Microcontroller Motor driver 
module 

poratable 
Bluetooth 
module 

Metal 
detector 

Power source 

Computer vision camera 

INTERNET 

Mobile phone wave 
graph 
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4. HC-05 Bluetooth module : 

 

 
 

Fig 5 : HC-05 Bluetooth module 
 

Vcc : It is mainly used to connect the Bluetooth module to the 
power source. In this project the power source is being drawn 
by Arduino 5 volt port. 
 
GND : This is the ground pin of the module which is connected 
to the ground pin in the Arduino. 
 
TXD : TXD is called as transmit serial data where in which it is 
used to wirelessly transmit out data serially . 
 
RXD : RXD is called as Receive data serially which is used to 
receive the data. 
 
 
5. Arduino Uno R3 :  

 

 
 

Fig 6 : Arduino Uno R3 
 

The Arduino is like the brain of this project which is used 
to direct the vehicle by receiving data from the Bluetooth 
module. The Arduino is mainly a controller which is open 
source software which uses the Arduino IDE to input the data. 
The programming language which is used is C++. The Arduino 
board receives power from the driver module. 

The Arduino is also equipped with a self kill switch which 
means that any high supply of input energy would make the 
board to Turn OFF or cutoff automatically. 

 
 

SPECIFICATIONS RANGE OR DETAILS 

Microcontroller ATmega328P 

Current time voltage 5V 

Input operating voltage 7-12V 

Direct current per I/O Pin 20mA 

Direct current for 3.3V 50mA 

In out limiting Voltage 6-20V 
 

 
 
 
 

 
6. L298 Driver module :  

 

 
 

Fig 7 : L298 Driver module 
 

The L298 Driver module is the heart of the vehicle. The 
main power source is from the lithium polymer battery. Left 
side motors are connected to output A and the right side 
motors are connected to output B. Heat sink is available to 
dissipate heat from the driver module 

 
SPECIFICATIONS RANGE 

DC motor output max. voltage 46V 

DC motor output max current 2A 

Logical operating voltage 5V 

Logical operating current 0-36mA 

Driver usage Voltage 5-35V 

Driver usage Current 2A 

Maximum Power 25W 
 
 

7. Direct Current Motor :  
 

 
 

Fig 8 : DC motor 
 

The motor used in this vehicle runs on DC current 
supplied from the L298 motor driver module. Motor works 
on the principle related to Electromagnetism where a current 
is passed through the coil which ultimately leads to the 
generation of electromagnetic field along the center of the 
coil which makes the armature to rotate. The RPM of the 
DC motor can be controlled by regulating the output voltage 
of the armature.  

 
 
 
 
 

SPECIFICATIONS RANGE 

Operating input voltage 9V 

Operating input current 0.9A 

RPM 50 
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8. Chlorinated polyvinyl chloride :pipes : 

 

 
 

Fig 9 : CPVC pipes 
 

The main reason that these pipes are used in this project is 
because of the fact that a low ground pressure energy had to be 
applied. If it was rather made from metals like aluminum etc. 
then there will be a creation of wrong readings during metal 
detection.  

 
 

9. Multimeter :  
 

 
 

Fig 10 : Mastech multimeter 
 

The multimeter is used for the detection of magnetic 
landmines. Whenever the magnetic field comes in contact with 
the copper wire a necessary minimum voltage is recorder and 
identified by the multimeter. 

 
10. Copper coil : 
 

 
 

Fig 11 : winded up copper coil 
 

The copper coil is winded up to have a nominal diameter of 
160mm. The diameter of the copper coil used in 27 standard 
wire gauge which is near to 0.41mm. We have used enameled 
copper wire which has an extra layer of coating, so before we 
connect it to the multimeter that extra layer of coating at the end 
must be scraped. 

 
 
 
 
  

 
VII. WORKING 

 
1. Electrical connectivity : 

 

 
 

Fig 12 : Electrical connection 
 

The above diagram shows the electrical connectivity 
between the Arduino, L298 driver module and the HC-05 
Bluetooth module. 

 
2. Mechanical structure : 

 

 
 

Fig 13 : 3D CAD model of the mechanical structure. 
 

The mechanical structure is mainly made up of CPVC 
pipes because the entire structure should possess a low 
ground pressure. Also the detection variation in detecting 
metals can also be altered if the structure was made up of 
metal alloys such as aluminium etc. 

 
 

 
 

Fig 14  : Actual mechanical structure of the Bluetooth operated 
vehicle . 
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3. Detection of magnetic mines : 
 

Anti tank Landmines are usually made up of magnets. 
They are made up of magnets because whenever a heavy duty 
vehicle comes near this mine the magnetic pressure plate gets 
automatically triggered due to the presence of metals. 

 

 
 

Fig 15 : The german made Hafthohlladung is a anti tank mine made up 
of magnetic components 

 
TEST 1: Strong magnet 
 

 
Fig 16: testing a strong magnet 

 
In this test we wanted to know the voltage generated by 

the strong magnet. The maximum voltage generated was 
8.4mV. 
 
TEST 2 : Weak Fridge magnet 
 

 
Fig 17: Testing a weak magnet 

 
In this test we wanted to know the voltage generated by 

the weak fridge magnet. The multimeter showed negative 
reading which means the Voltage generated is less than mV. 

 
Explanation:  
 

Whenever a magnet comes near a circular copper coil the 
magnetic field of the magnet comes in contact with the copper 
wire. Due to this fact electrical eddy current gets generated. The 
generated voltage is measured by the multimeter. 

 
 
 

 

4. Detection of metal mines : 
 

Anti-personnel mines are usually made up of metal box 
like structure which has a pressure spring type mechanism 
or a pressure sensor type mechanism . They are mainly used 
to target individual enemies. 
 

 
 
Fig 18 : Yugoslavian made PROM 1 anti personnel mine made out 

of metallic components 
 

 
 

Fig 19 : Soviet made PMN 2 anti-personnel land mine. 
 
 

TEST 1 : Screw driver 
 

 
 

Fig 20 : Screenshot of the variations in the app plotted against field 
strength vs time 

 
Explanation:  
 

The smartphone application utilizes the built in 
magnetometer which is mainly used for compass application 
but it can also cause deflection when it is bought near a 
metal. 

 
The changes in the initial and the final reading are 

plotted through a graph with field strength n the Y axis and 
time on the X axis. 
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VIII.   COMPUTER VISION 
 

The people operating in such dangerous areas must always 
keep a lookout for the people who are around them. So 
computer vision helps in detecting people automatically in 
daylight. 

 
During night since many of these areas are under developed 

there will not be any streetlight for the camera to see. During 
these situations computer vision becomes a lot helpful which 
utilizes minimum light as much as possible. As there will be a 
change in the pixels gradient it can easily identify such patterns. 

 

 
 
Fig 21 : Computer vision applied to a recorded dark video. 
 
 

 
 

Fig 22 : Computer vision applied to the same recorded bright 
video. 

 
Programming language used Python 

Libraries Open CV numpy 
Datasets used Coco names 

IDE used Jet Brains Pycharm 
 
 
Explanation: 
 

 
Fig 23 : Pixel breakdown 

 
Computer vision works on the main principle of breaking down 
the given image into data sets. Each pixel will be assigned an  
 
 
 
 

 

Individual data point where in which the program is 
specifically built to produce significant output by comparing 
the input image with these datasets. 
 

Computer Vision is also used in construction sites to 
monitor the safety of the workers automatically by the 
computer. So we hope that it can also warn the operator if 
any person enters the field or area. Computer vision can be 
compared or trained like a human vision itself, keeping the 
source as open code would engage the community in 
developing the software according to their local needs and 
requirements 
 
Actual Test : 

 

 
Fig 24 : computer vision applied to the video nearby vivanta taj 

hotel near yeshwanthpur. 

 
In the Fig 24 we can correctly see the accuracy of 

using computer vision. The software also detects the person 
who is peeping out of the KSRTC bus window. 

 
IX. FUTURE WORK 

 
1. Even though this vehicle can detect surface level 

landmines, there is still needed to a lot of work to be 
done in order to encourage and promote robotics in 
demining operations as well. 
 

2. This vehicle is suitable for flat lands and deserted 
areas, but is not suitable in terrains or hilly regions. So 
further research must be done in improving the vehicle 
dynamics so that it can cross through all terrains. A 
robotic arm can also be developed to carry specific 
sensors needed to detect such landmines. 

 
3. It is hard to detect mines which are purely made out of 

plastic. So further development must advance in the 
field of ground penetrating radar as well as x Ray 
scanners which might be helpful in such situations. 

 
4. Low cost metal detectors which use RX and TX 

transmitters must also be developed keeping the cost 
point of view so that each individual or community 
who suffer from these problems can actually afford to 
buy it as well. 
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X. CONCLUSION 
It is possible to design and build a low cost multipurpose 

vehicle using common Internet of things platforms which is 
helpful in detecting landmines. The built vehicle can be used to 
detect both metal landmines and anti-tank magnetic mines as 
well. 
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Abstract — Nowadays the non renewable energy 

sources are depleting at a rapid rate.Transportation 

industry must look at other possible energy sources which 

are also ecofriendly and as effective as non renewable 

energy sources. Due to this the world moves towards 

electric vehicle which are of lesser carbon footprint.Our 

attempt by taking up this project is to give the people who 

gave a great deal of a attachment towards traditional 

bikes the experiences in an electric vehicle.So inorder to 

deliver this the suitable thing to do is retrofitting an 

internal combustion engine bike with electric vehicle 

compnents like, BLDC motor(48V,750W),Controller, 

battery unit, etc . 

 
I. INTRODUCTION 

 
Rising problems like pollution global warming enables more and 
more technological advancements. Depleting energy resources forces 
human kind move towards other energy resources.It is mainly 
affecting the modes of transportation so the world move towards 
electric vehicle.To tackle these problems this project is suitable. 
Retrofitting of a electric vehicle for geared motorbike means 
stripping out the mechanical components of an old 100cc motorbike 
like head, bore, piston,corburator,petrol tank,connecting rod,exhaust 
andreplacing it with  electric vehicle compnents like, BLDC motor 
(48V,750W),Controller, battery unit, etc.the electric vehicle after 
being built should not be in anyway less than a traditional 
motorbike.the overall performance should turnout equal to any 
present day motorbike.There is no equivalent product available in the 
market.NO company is manufacturing electric motorbikes in indian 
market.We have electric scooters only which are not preferred by 
most of the people. Secondly there is no electric motorbike which as 
great performance in terms of power,pickup,efficiency, speed and 
smooth ride.thus it is very suitable for the present conditions 
.Gearbox is utilized from the orginal motorbike. The electric motor is 
mounted upon the disassembled engine . A sprocket is welded or 
mechanicaly fixed to the crankshaft then the electric motor is 
connected by a chain . Basically gearbox works same as in the 
orginal motorbike . The gears are utilized for better power and speed 
. 
 

II. PROBLEM STATEMENT 
 
In the current situations in the world there are 2 major reasons that 
are causing the problems for the mankind. Firstly, the global 
warming which is caused by the combustibles used in wide range, 
and secondly the emission releasing from the automobiles even for 
the shortest distances. Due to these there is an immense reduction in 
the fuel quantity great effect on the environment. As the population 
is been gradually increasing in India, it has become the one of the 
most pollutant country in the world. In the major areas 72% of the 
pollution is been observed only from vehicles. And there are many 
bikes and vehicles are being purchased every day. Energy to drive 

the vehicles for human is one of greatest need to survive on earth. 
As there is increase in the IC engine bikes, due to which there are 
various problems arises like traffic jam in urban cities where 
temperature sensibly rises in current situations. The heavy and bulk 
IC engines take more space which may be difficult to pick and 
place from one place to another. We are dependent on the 
conventional engine systems till now, it’s time to change to non-
conventional energy systems which are un-exhausted and cause no 
pollution and environment friendly. 
 

III. OBJECTIVES 
 

 To find out the awareness of consumer about the electric 
bikes. 

 To find out the reason why consumer prefers to electric 
bike. 

 To find out the factor influencing the sales of electric bike. 
 To know the users perception about electric bikes  
 To reduce the manufacturing cost of petrol bike by 

converting it into an electric one. 

 To accelerate the efficiency of the bike and reduction of 
rate/km. 

 To reduce the pollution and global warming. 

 To Increase the range per charge of the electrical vehicle. 

 To use lower battery capacity and give best range. 

 To give the rider the same feeling as driving the IC engine 
powered vehicle. 

 To implement run time charging by using dynamometer 

 Nature friendly, cut back expenses, they are the future of 
transportation. 

IV. LITERATURE SURVEY 
 
The main aim of this review paper is to present the idea of 
harnessing the various energy and use it in today’s existence of 
human life. For human being travelling has become vital. In order 
to sustain in this fast forward world he must travel from place to 
place. It is very important that time taking for travelling should be 
less; also it should be economical and easily available. With the 
fast depleting resources of petrol and diesel, there is need to find 
intermittent choice. Taking all this into account, a shift away from 
conventional based fuels to using renewable sources of energy is a 
must. Electric bike which will be driven with the help of battery 
and thus provide required voltage to the motor. The focus of this 
report is to perform power calculations and system design of this 

Electric Bike. This bike can be driven with the help of electricity or 
also with the help of solar energy. Therefore the manufacturing of   
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such bike is indispensable. The paper presents a review propelled by 
double electric motor. This motor was so designed that it was 
attached with the crank set axle. Later in 1990’s torque sensors and 
power controls were developed including some modified versions of 
bike with NiMH, NiCd and/or Li-ion batteries which offered lighter, 
density capacities batteries. But this bikes faced decrease in 
production when petrol and diesel resources came in existence 
[3][5][6][7]. Taking considerations of recent events of meager 
resources and facilities at their disposal, over increasing traffic, snags 
problem of parking and the need to make automobile a more 
environmental friendly, designers of vehicles are back with a view to 
hit upon a novel concept that completely alter the conventional 
design. The paper presents a review on Portable Electric Bike (PEB). 
This was first developed in 1890’s in US and those were documented 
within various US patents. On 31st Dec, 1895 Ogden Bolton 
designed a battery powered cycle. He designed using 6 pole brush 
and commuter DC hub motor connected to the rear wheel. He was 
then granted a US patent. Couple of years later, Hosea W. Libbeyss 
invented electric bike which was propelled by double electric motor 
 
V. Block Diagram 
      
The diagram shows the parts and the connection between them so it  
can be easily identified. The parts are as follows:  Battery  Motor  
Controller  Shaft drive  Throttle  Charger 
 

 
 

Fig:1 Block diagram 

 
 
VI. COMPONENTS OF E-BIKE battery 
 

 

 
 

 
2.1 48V/20 AH Battery A lithium-ion battery, sometimes known as a 
Li-ion battery, is a rechargeable battery type. Lithium-ion batteries 
are widely used in portable electronics and electric vehicles, and 
their use in military and aerospace applications is growing.  
 
1. THE MOTOR 
 

 
is 750watt having capacity with maximum 3100rpm. Its 
specifications are as follows Specifications:  Rated Voltage: 48 
Volt DC.  Rated Power: 750W.  Base motor RPM: 3100RPM.  
No Load Speed: 600 RPM.  Rated Torque: 90Kg-cm.  No load 
current: 2.8A  Rated Current: 15.6A.  Motor Weight: 7.80 kg.  
Gear Ratio: 1:6 
 

2. TRANSMISSION 
 
 A transmission is a machine in a power transmission system, 
which provides controlled application of the power. Often the term 
transmission refers simply to the gearbox that uses gears and gear 
trains to provide speed and torque 
 

3. The Controller 
 

 
 
Controller which comes in a number of forms, allows you to 
regulate the electric assistance on your electric bike and is a crucial 
aspect of how they work. For convenience, the controller is 
mounted on the handlebar. Throttle-based controllers use a basic 
throttle mechanism to operate. The throttle will be either a thumb-
press or a twist-grip style. To gain electric help with a throttle, 
simply pull back or press the throttle. Some electric bikes only 
require you to activate the throttle, allowing you to ride without 
pedaling. Electric bikes are, for the most part, simple to operate, 
ride, and maintain. In general, they require less maintenance than a 
regular bicycle. 
 
 

4. Chain Drive 
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is a way of transmitting mechanical power from one place to another. 
It is often used to convey power to the wheels of a vehicle, 
particularly bicycles and motorcycles. It is also used in a wide 
variety of machines besides vehicles. Fig: 4 Chain Drive A chain-
drive system uses one or more roller chains to transmit power from a 
differential to the rear axle. This system allowed for a great deal of 
vertical axle movement (for example, over bumps), and was simpler 
to design and build than a rigid driveshaft in a workable suspension. 
Also, it had less unsprung weight at the rear wheels than the 
Hotchkiss drive, which would have had half the weight of the 
driveshaft, and differential to carry as well. 
 

5.Throttle 
 

 
 
The throttle mode is similar to how a motorcycle operates. When the 
throttle is engaged the motor provides power and propels you and 
the bike forward. The motor power can be increased or decreased by 
the restriction of current (by use of a throttle), but usually decreased. 
The term throttle has come to refer, informally, to any mechanism 
by which the power or speed of an engine or motor is regulated. A 
few e-bikes have a throttle, which may conjure visions of a 
motorcycle’s twist grip, but in reality is usually just a small electric 
button. Pressing the throttle works just like depressing the gas pedal 
on your car no other action is required to accelerate or continue 
forward 
 
VII. THEORY OF OPERATION 
 
(A) AC Servo motor used for Position Mode mainly, also with 

Torque Mode & Velocity Mode have magnets on rotor as per 
designed poles of stator, for example if stator has 8 poles 
winding, the rotor will have 8 magnets on its rotor. Here high 
frequency pulse is injected in the stator, i.e. in 2 phases out of 3 
phase winding, to from + & - on the stator. This gives magnets 
fitted on the rotor a starting push, the position of stator winding 
is achieved by (3 hall sensors) encoder fitted on non drive end 
of rotor, the servo motor, which is driven by a servo drive 
detects the positioning of rotor and accordingly gives pulse in 
all two phases out of three, where 1 phase is floating, i .e. if 'R' 

& 'Y' are given + & - pulse respectively 'B' is floating, if 'B' & 
'Y' are given + & - pulse respectively 'R' is floating. Similarly 
in case of 'B' & 'R' given + & - pulse respectively 'Y' is 
floating. See Figure-5. The position of 3 phases is sensed by 
Hall Effect sensors, which gives position of stator winding 
excitement with pulse, which is sensed by Hall Effect sensors 
fitted at 120 degree, i.e. each at 60 degree from another. 8 
poles motor will have weight small magnets fitted on dice to 
pass through (over) these sensors to give signal to panel for 
injecting pulse, i.e. supply. (B) The above motor is also called 
BRUSH LESS DC (BLDC) / AC SERVO MOTOR in 
technical terminology because commutation of this is taken 
care by encoder as designed in AC Servo motors because 3 
phase AC winding given on stator is also called 3 phase AC 
servo motor & because commutation is achieved by encoder. 
Therefore it is also called BRUSH LESS DC (BLDC) / AC 
SERVO MOTORS. 

 

VIII. WORKING 
 
The present study comprised of two separate procedures; firstly, the 
data for the operating conditions of the electric two-wheelers were 
collected by conducting primary surveys among the vehicle owners 
with formatted questionnaires. The daily travel data have been 
recorded from the available odometers, over a month. The energy 
consumption data were also provided by the owners and were also 
estimated from the battery capacity. A daily pattern of utilization of 
electric two-wheelers was thus obtained. Secondly, the real time 
performance of an electric two-wheeler was studied as a part of the 
experiment, for obtaining the energy consumption data and the 
performance characteristics with the present traffic conditions. The 
experiment has been conducted based on a low speed electric two-
wheeler available in the market. The data from the electric two-
wheeler study has been analyzed to obtain its pattern of energy 
consumption at different loading conditions, its performance in 
present day traffic and to check the suitability with different traffic 
conditions. Working 
 
IX. Future Possibilities 
 
 This thesis is in a way defining e-bikes, trying to analyze the basic 
functions of various mechanisms which are available only in such 
e-bikes. Besides the aim is to highlight its importance in general, to 
promote the possibility for global Welfare, where Clean Climate 
plays a role. Having this basic purpose in place, it is also be said 
that this subject contains simple to advanced features containing all 
three departments, therefore very useful Thesis for Bachelor level 
students, just because in e-bikes all three variations of engineering 
is associated. Such as electronics in controller, mechanical in 
motor, and electrical in batteries. Therefore it can be a very 
resourceful work if it is possibly done using equipped labs, and 

ICGCP-2022 Sapthagiri College of Engineering

ISBN: 979-88-35073-61-0 203



somehow by using the same level of possibilities in advanced 
simulation software to analyze e-bike’s properties better. The study 
of ebikes can be done extensively, and it has been left for those 
interested researchers for exploring in depth of its possibilities in 
defining it 
 
X. CONCLUSION 
 
With the increasing consumption of nonrenewable resources such as 
petroleum and diesel, we are moving toward renewable sources such 
as solar, hydroelectric electricity, and batteries. There are different 
methods for conserving energy. One such mode of transportation is 
the electric bike; it is also a new mode of transportation that provides 
us with a convenient mode of transportation. It is also a new mode of 
transportation that provides us with a simple mode of transportation 
for people of all ages. It is a low-cost mode of transportation that 
everybody may afford. The motor in this bike is highly efficient, and 
the battery bank is light and fast. The electric bike's most important 
feature is that it does not use fossil fuels, which saves billions of 
dollars in foreign currency. The second most important feature is that 
it produces no pollution, is environmentally friendly, and operates 
quietly. The most viable solution for reducing environmental 
pollution is to ride an on-board electric bike. If there is an 
emergency, it can be charged using an AC converter. 
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SMART LAWN TRIMMER RUN BY USING 
SOLAR POWER 

 

 

 

Abstract: The sun is the major source of energy for life on earth 

used for heat and lighting. Nowadays, solar energy has been 

known as a renewable energy and an alternative energy to that 

of fossil fuel. This paper introduces a new development of lawn 

mower, named as Smart lawn trimmer, by using solar 

irradiance as a primary energy source with the presence of a 

solar panel. This grass cutter prototype is developed to reduce 

air pollutant and improve the current design specifically the 

blade based on the previous studies. With current technology, 

this new prototype is designed as remotely controlled grass 

cutter using Arduino UNO. Smartphone is used as the remote 

controller. Therefore, it can be concluded that the prototype is 

reliable and environmentally friendly. 

 

Keywords: lawn trimmer, Arduino, Bluetooth, solar energy. 

 

I. INTRODUCTION 
 

The conventional grass cutters have been widely used 
recently by workers in the gardening and agricultural 
industries. However, the manual handled grass cutters are 
consuming a lot of energy and producing air pollution which 
can directly affect the workers’ health. The conventional 
grass cutters are also creating a high level of noise and 
vibration which can cause serious health issues such as grip 
strength, decreased hand sensation and dexterity, finger 
blanching or ‘white fingers’ and carpal tunnel. In order to 
address these issues, a new design of a grass cutter machine 
has been proposed. This device can be fueled by solar energy 
and smartly controlled, which has been named as a Smart 
lawn trimmer that has three main systems which are smart 
control system, solar system, and the grass cutter. According 
to the national air space association (NASA), there is a 1.361 
kW/m² of solar irradiance received at the top of Earth's 
atmosphere. Approximately 1.8/10MW amount of power 
from the sun has been interrupted by the planet Earth, which 
is thousands of times larger than the present global 
consumption rate of the energy. This has motivated the 
governments, researchers and power industries to increase 
their investments in the renewable energy industry aiming to 
utilize more this clean energy and relief the global warming. 
Many researchers have proposed new designs of autonomous 
and non-autonomous solar grass cutters. Moreover, a few 
fully automated designs using sensors to detect obstacles and 
avoid any harm or injuries have been also proposed. Patil 
S.M. et al. proposed a solar grass cutter called Smart Solar 
Grass Cutter with Lawn Coverage. The proposed design 

aimed to develop an automatic grass cutting machine that 
could be remotely controlled, and able to charge the used 
batteries while the solar powered grass cutter is operating 
during daytime. Dilip B.P. et al. used several sensors in their 
prototype design providing the proposed solar grass cutter 
the capability to avoid the unnecessary objects and/or 
obstacles in the field during operation. Asha N. et al. 
proposed a programmable robot that is able to work either 
autonomously or wirelessly using an Android Smart phone 
via Bluetooth from a safe distance. The grass cutter can cut 
the grass according to present shapes while the blade was 
able to be adjusted to maintain the different length of the 
grass. The robot is a dual powered with a Hybrid Solar panel 
and Lithium-Ion rechargeable battery. This programmable 
robot is used to decorate the lawn and encourage the 
implementation of the renewable energy resources. Ulhe P.P. 
et al. fabricated and modified the solar grass cutter that can 
be used to cut the different grasses with different 
applications. A remote-control unit was added to help the 
unskilled persons to operate it. The used battery in the 
designed grass cutter can be charged by using solar panels 
regardless of the operating conditions. An AC charging 
system and spiral cutting blades were used to increase the 
cutting efficiency. Amrutesh P. et al. designed a solar grass 
cutter by implementing a linear blade and Scotch Yoke 
mechanism. The cutter was coupled with PV panels installed 
at 45 degrees angle and Lithium-ion battery as the power 
supply. The used solar charger has automatically controlled 
the charging from the solar panels when it was required. 
However, the authors found that the Scotch Yoke mechanism 
did not produced the expected efficiency. Solar based 
automatic grass cutter was fully automated grass cutting 
robotic vehicle powered by solar energy introduced by 
Gaikwad Y.M. et al. The device was capable of fully 
automated grass cutting without the need of any human 
interaction.  

 
The main objectives of this project are 

i. Fabrication of lawn dresser, powered by solar 
energy and with the help of Bluetooth application. 

ii. To reduce the dependency on conventional 
electrical energy. 

iii. To reduce the cost lawn maintenance. 
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II. EXPERIMENTAL DETAILS  
 
 

 
Fig. 1 conceptual design of smart lawn trimmer. 
 

 
Fig. 2 Nylon wire as grass cutter. 
 

This Smart lawn trimmer is a simple design which is optimizing 
the usage of materials. The overall dimensions are depending on 
the size or the dimensions of the solar panel. Three motors are 
used for rear tires and the blade. The height of the roof is 
depending on the height of the battery. The rubber rotating wheel 
is used as the front tires as it will automatically change the 
direction depending on the rear tires. One motor is implemented 
for each rear tire. The design is cost effective and compatible to 
the main objectives. Starting from the hand sketch, the prototype 
is designed in multidimensional using SolidWorks software. 
Dimensions of the design are very important and need to be 
accurate and precise to enhance the safety factor. Arduino 
microcontroller known as the brain of the prototype and PV 
panels are the main power supply. The PV panel supplied the 
absorbed energy to the battery through the solar charge 
controller. The solar charge controller protected the battery from 
overcharge as well as to maintain the battery performance. 
Bluetooth module will be used to connect the Smart Solar Grass 
Cutter with the smartphone. The grass cutter will be controlled 
by using the smartphone and the direction is depending on the 
requirement. The microcontroller will be programmed to ensure 
both motors at the rear wheels will be having the same speed 
when it is required. If the grass cutter is needed to move to the 
right direction, the left motor will be having a higher speed 
compared to the right motor and vice versa. From the hand 
sketching and digital design of Smart Solar Grass Cutter was 
created and shown in Figure 3. The Arduino Board, Bluetooth 
module and other electrical components are included in circuitry. 

Two DC motors were used for rear wheels and the third motor 
was used for the blades. The front wheels are made of rotating 
rubber tires located below the main body. The selection of the 
used materials and components are very important to produce a 
reliable and effective design of smart solar grass cutter. 
 

 

Table. 1 Dimensions of the Lawn Trimmer. 
 

 

 

 

 

 

 

 

III. DISCUSSIONS 

 
The technology assisted lawn trimmer operation has found 
satisfactory and effective. The ease of operation has become 
more, compared to conventional one. The design and fabrication 
of a solar-powered grass trimmer that is environmentally 
friendly, produces less noise and affordable was achieved. Also, 
by the usage of solar energy for this lawn trimmer functioning 
the dependency on the convention energy has reduced and 
maintenance cost can also be reduced. By this device the small 
scale industries and institutions can have lavish green, neat 
gardens using this smart trimmer. Therefore, it can be concluded 
that the developed design of the proposed Smart Solar Grass 
Cutter has achieved the main objectives and it can be further 
developed by industry 
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Abstract – In today’s world, cars are playing a 

vital role in everyone’s life. Most of the times, 

cars are parked in open or unshaded area and 

due to this, there is a worry about the car getting 

damaged by the sun rays and rain. Smart car 

umbrella can be an effective solution for the 

conventional car covers. It can be carried to any 

location and thus can provide shelter to the car. 

This helps in decreasing the temperature inside 

the car which gets heated up, thus provide 

comfort to the passengers. For structural parts 

the materials used are mild steel and cast iron, 

the mechanism used is scissor mechanism and 

lead screw mechanism. 3D modelling is created in 

Creo and Fusion360 software.  

Keywords: Automatic Car Umbrella, Scissor and 

Leadscrew mechanism, Creo software. 

 

I. INTRODUCTION  

Automobiles is a symbol of personal growth and 

development. They have become essential to the 

function of people in everyday life by using them for 

transportation from one point to another on daily 

basis. Today, there is a huge advancement in the 

technologies in automobiles.  

Our personal vehicle is the major cause for global 

warming. When the cars are parked in an unshaded 

area in a hot sunny day, the sunlight penetrates the 

car in the form of thermal radiation through all the 

windows heating the car dashboard and seats. These 

thermal radiations are trapped inside the car cabin 

causing temperature increase inside the car. 

For example, a dark dashboard or seat can easily 

reach temperature in the range of 180 to more than 

200⁰F. These objects heat the adjacent air by 

conduction and convection and also given off long 

wave radiation which is every efficient at warming 

the air trapped inside the car. The temperature inside 

a vehicle rises significantly with the majority of the 

temperature rise occurring within first 15-30 

minutes.  

Hence, a smart umbrella for car with an automatic 

mechanism which opens and closes by itself with a 

button is an effective solution. This smart umbrella 

protects the car parked in an unshaded area from 

harmful effects of sun’s radiation, acid rain, bird 

droppings, dust and dirt. 

A. A. Konde(1) et. al. (2020) Design and analysis of 

the umbrella links was done. The mechanism used 

was scissor mechanism.  

Saad Bin Abul Kashem(2) et. al. (2017) Constructed 

automatic device on vehicle to prevent heat 

penetration inside the car body. Their system will 

prevent any vehicle from getting affected by heat 

produced by the solar energy. 

Issam Mohammed Ali Aljubury(3) et. al. (2015) 

investigated the effects of solar radiation on car 

cabin components (dashboard, steering wheel, seat, 

and inside air). The test vehicle was oriented to face 

south to ensure maximum (thermal) unload on the 

front windscreen. Six different parking conditions 

were investigated. A suggested car cover was 

examined experimentally. 

 

 

II. OBJECTIVES 

 

• To select the proper mechanism for satisfactory 

working of smart umbrella for car.  

• To select the good covering sheet material 

which can resist rainfall and heat. 

• To implement an automatic feature that the 

umbrella will open and close automatically with 

just a tap. 

• To select the material for links and lead screw. 

• To carry out 3D modelling in Creo and Fusion 

360. 

 

III. METHODOLOGY 

 

• Methodology involves modelling using Creo 

and Fusion 360 CAD software, design and 
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fabrication of smart car umbrella has been 

carried out. 

• Reading and analysing the various research 

papers and journal papers has been done with 

respect to our work, so as to understand the 

previous work done. 

• Various calculations relating to drag force, 

pressure of the wind, area of the umbrella links 

and the total load acting on them was calculated. 

• A conceptual design was made using Creo and 

Fusion360 by considering the dimensions and 

2D model was also drafted. 

• Components were selected based on the 

calculations done and also selecting most 

economical based on the quality of the 

components. 

• Fabrication of the body was done based on 

conceptual model and considering the 

preliminary calculation. 

• Testing of the functioning of different 

components present in system was carried out. 

The functioning of the smart umbrella was 

checked to meet the objectives of the smart 

umbrella. 

 

 

IV. DESIGN CALCULATIONS 

 

The calculations are carried out by considering the 

dimensions of the link as shown in table 1. 
 

TABLE I.  DIMENSIONS OF LINK  

Dimensions 

Length 600 mm 

Breadth 19mm 

Thickness  3mm 

Material  Mild steel  

 

1. Area of each link (a) 

a = (600)*(3) = 1800 

⸫ a = 1800 mm2 

As there are 32 links used, 

⸫ Area of 32 links = (1800) * (32) 

                              = 57600 mm2 

 

2. Drag force (FD) 

It is calculated using the formula,  

FD=1/2 𝜌𝐶𝐴𝑣² 

Where, 

C is the drag coefficient = 2.1 (for rectangular body) 

A is the area of the object facing the wind = 0.595 

m² 

ρ is the density of the air = 1.2 kg/m3 

v is the velocity of speed = 40mph (assumed) 

                                         =17.88 m/s  

(⸪ 1mph = 0.477m/s) 

 

FD = (1/ 2) * (1.2) * (2.1) * (0.595) * (17.88²) 

⸫ FD = 239.67 N 

 

3. Wind pressure (P) 

It is calculated using the formula,  

P = FD /A 

   = (239.67) / (0.595) = 402.8  

   = 402.8 N/m2 

⸫ P = 402.8 Pa 

 

 

4. Total load acting on links (F) 

It is calculated using the formula, 

F = A*P  

    = (402.8) * (0.0576) 

⸫ F = 23.20 N 

⸫ Load acting on each link = (23.20) / (32) 

                                            = 0.725 N. 

 

5. Degree of freedom (DOF) 

It is calculated using the formula, 

DOF = 3(n-1) – 2j – h 

where, 

 n - number of links  

 j – number of binary joints  

 h – number of higher pairs   

 

DOF = 3(10 -1) – 2(13) - 0 

         = 27 – 26 

         =1 

 

V. 3D MODELS  

 

The models of the umbrella component design are 

prepared using CREO software. The models of 

smart car umbrella are shown in below figures. 

 
Figure 1. Isometric view 

 

 
Figure 2. Front View 
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Figure 3. Isometric view with canopy  

 

 

VI. COMPONENTS USED 

 

1) WORM GEAR MOTORS  

Worm Gear Motors are used to generate high torque 

in a small package size. They are mainly used for 

applications that require a self- locking or breaking 

feature since the output shaft can’t rotate when 

there’s no power applied. In addition to this, their 

heads can transfer motion in 90 degrees. They have 

high reduction ratio and avoids the need for 

unnecessary gears.  

 
Figure 1. Worm gear motor 

 

2) ESP8266 

 

The ESP8266 Wi-Fi Module is a self-contained 

system on chip with integrated TCP/IP protocol 

stack which gives any microcontroller access to Wi-

Fi network. It is capable of either hosting an 

application or offloading all Wi-Fi networking 

functions from another application processor. It uses 

the Lua scripting language. It is a 32-bit RISC 

microprocessor core based on the Tensilica Xtensa 

Diamond Standard 106Micro running at 80 MHz, 

with a memory of 32 KiB instruction RAM, 32 KiB 

instruction cache RAM, 80 KiB user-data RAM and 

16 KiB ETS system-data RAM. 

 

 
Figure 2. ESP8266 

 

3) LEAD SCREW 

A lead screw is a screw used as a linkage in a 

machine to translate turning motion into linear 

motion. It is also called as translation screw or power 

screw. It is mainly used in instrument grade 

applications where smooth, precise, clean, and 

maintenance free operation is required.  

Figure 3. Lead screw 

4) LINKS 

A stretcher is attached to the ribs of the umbrella. Its 

function is to stretch out the canopy when the 

umbrella is being opened.  

Figure 4. Links 
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5) COVERING MATERIAL 

 

Polypropylene non-woven fabric material is used 

which has high heat reflection capacity. This fabric 

is breathable and prevents mould or dust from 

becoming trapped against the surface of your car, 

while keeping moisture out. This material covers are 

water-resistant, meaning they will protect your car 

from rain and other small amounts of moisture like 

dew. Polypropylene also protects against UV rays, 

which can degrade the paint on your vehicle over 

time. 

 

 

VII. WORKING OF SMART UMBRELLA 

 

In the smart umbrella, scissor mechanism is used 

where the links are in a Criss cross i.e., X pattern. 8 

links are attached in X pattern at one side. Therefore, 

32 links are been used in total. Starting end of the 

links pattern is connected to the shaft. The shaft is 

connected to one end of the lead screw such that the 

shaft can make linear motion; and another end is 

fixed to the worm gear motor which is grounded to 

the base. As the shaft moves, the assembled links 

make scissor mechanism. To control the opening 

and closing of the umbrella, ESP8266 is used. The 

power supply is provided directly from car. The 

model for open position is carried out in Fusion 360 

for better view as shown in the below figures.Open 

postion with a maximum angle and closed with 

minimum angle between the two links. 

 

 
 

Figure 4. open position of the umbrella  

 

 
 

Figure 5. closed position of the umbrella  

 

 

VIII. CONCLUSION 

We have fabricated a smart umbrella for a car at 

affordable price. A smart umbrella for car with an 

automatic opening and closing mechanism with just 

a tap is an effective and alternative solution to 

conventional car cover. It helps in protecting the 

environmental effects of sun rays, rain, bird 

dropping, dirt and dust onto the car by covering it 

entirely on the top surface. As the technology has 

advanced, there is a possibility of making varieties 

of car covering shelters. 
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Abstract— Europium (Eu3+) doped lead borate glasses have 
been successfully prepared by the conventional melt quenching 
method. Their structural studies and luminescence properties 
were carried out using transmittance, excitation, and emission 
spectra. The investigation of FTIR spectra shows the presence of 
boron atoms in both BO3 and BO4 units in the glass network. 
Also found that the presence of new structural groups such as 
Boroxyl rings, pyro, and Dipent-Borate. Photoluminescence (PL) 
spectroscopy was used to examine down-conversion (DC) 
emission under 394nm excitation exhibits five emission bands 
centered at 577nm, 590nm, 612nm, 650nm, and 697nm 
corresponding to 5D0-

7F0, 
5D0-

7F1, 
5D0-

7F2, 
5D0-

7F3 and 5D0-
7F4 

transitions of Eu3+ ions, respectively and also recorded emission 
spectra at 306nm and 296nm, both the excitations exhibit two 
emission bands centered at 590nm and 612nm corresponding to 
5D0-

7F1 and 
5D0-

7F2 transitions of Eu3+ ions. 

Keywords— Silver Lead borate; FTIR; Photoluminescence. 

I.  INTRODUCTION  

Rare-earth doped glasses are superior materials for solid-
state laser, optical amplifiers, display, and photo-electronic 
devices [1]–[3]. Among the other rare-earth (RE) ions, 
trivalent europium is due to the narrow emission band, 
producing almost monochromatic light and a long radiative 
lifetime [4]. This kind of glass is widely used as efficient red 
phosphors in mainly designing mercury-fluorescent lamps and 
plasma displays. Silver-containing glasses have been 
technologically interesting materials for solid-state batteries 
and electrochemical devices due to their valuable optical 
properties and high ionic conductivity value [5], [6]. Lead 
borate glasses are of research interest due to their structural 
peculiarities. The addition of PbO into the borate network 
brings modification of boroxol rings and formation of 
complex groups with one or two 4 coordinated boron atoms 
[7]. Lead borate glasses have several applications, including 
radiation shields and optical and thermal properties [8]. 

In the present work, we report the structural studies and 
luminescence properties of europium doped lead borate 
glasses through Fourier Transformer Infrared (FTIR) 
spectroscopy and Photoluminescence (PL). 

II. EXPERIMENTAL 

The raw materials of reagent grade chemicals H3BO3, PbO, 
Ag2O, and Eu2O3 were used to synthesize the samples by the 
conventional melt quenching method. The glass with the 
composition of 70B2O3–29PbO–29PbO–(1-x)Ag2O–xEu2O3 
(x = 0.5 mol%) was taken in a porcelain crucible and placed in 
a furnace set temperature at 1100ºC for 2 hrs and stirring 
several times to ensure complete melting and homogeneity for 
the prepared glass. The homogeneous molten liquid was cast 
into a brass mold and quickly pressed with another mold. The 
prepared sample was immediately transferred to another 
muffle furnace set at 150ºC for 1hr to remove thermal stress 
and strain. The prepared sample was cut into appropriate 
dimensions for the required measurement. 

The FTIR spectra of powdered glass were recorded at 
room temperature by Nicolet spectrometer with a resolution of 
0.2 cm-1 in the frequency range 400 – 4000 cm-1 using the 
standard KBr pellet method. The excitation and fluorescence 
spectra were recorded using F-2700 FL Spectrophotometer 
with a xenon flash lamp as the source.  

III. RESULT AND DISSCUSSION  

A. FTIR studies 

The FTIR spectra of the glass system as depicted in figure 
1, and their assignments of the bands are presented in table 1. 
The broad composite band extending from 3200–3600 cm-1 is 
attributed to the hydroxyl (OH) or water group [9]. The broad 
water bands have divided into: 

 Peak 2700–3000 cm-1 — originating from hydrogen 
bonding;  

 Peak 3200–3500 cm-1 — originating from molecular 
water; and 

 Peak 3600–3750 cm-1 — originating from OH-groups. 

 In figure 1, it can be seen that robust broadband appeared 
at 1292 cm-1 is attributed to B–O asymmetric stretching of 
trigonal BO3 unit, and the shoulder at 1234 cm-1 may rise from 
B–O stretching vibrations of  (BO3)3- units in metaborates, 
pyroborates and orthoborates [10]. Similarly, the band at 1004 
cm-1 is due to the vibration of some boron atoms attached to 
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non-bridging oxygen in the form of BO4 units [11]. The 
absorption of around 1000 cm-1 is attributed to the formation 
of diborate in the glass system. The band at 993 cm-1 in the 
spectra may be assigned to the stretching vibration of the B–
O–Pb linkage. The band at 710 cm-1 is assigned to bond 
bending vibrations of B–O–B linkages of the boron–oxygen 
network [9]. The absorption band at 692 cm-1 is assumed to be 
due to the combined vibration of BO4 and PbO4 groups, and 
the band around 699 cm-1 indicates that oxygen bridges two 
trigonal boron atoms. The spectral domain 400-760 cm-1 is 
dominated by the band centered at 670 cm-1 and is attributed 
to Pb–O bond vibrations and O–B–O bond bending vibrations 
[8]. No characteristic vibration of modes of bonds from Eu2O3 
and Ag2O oxides was detected in the FTIR spectra.  

TABLE I.  WAVE NUMBERS AND THEIR ASSIGNMENTS FOR FTIR 
SPECTRA OF GLASS.  

Wave number 
(cm-1) 

Assignment 

3600–3750 OH–group 

3200–3500 Molecular water 

2700–3000 Hydrogen bonding 

1292 
B–O asymmetric stretching of trigonal BO3 

unit 

1234 
B–O stretching vibrations of  (BO3)3- units in 
metaborates, pyroborates, and orthoborates 

993 Stretching vibration of B–O–Pb linkage 

710 
Bending vibrations of B–O–B linkages of 

the boron–oxygen network 

670 
Pb–O bond vibrations and O–B–O bond 

bending vibrations 
 

Fig. 1. FTIR spectra of the B2O3– PbO–Ag2O–Eu2O3 glass system.  

B. Photoluminescence studies 

The downconversion (fluorescence) property of Eu3+ ions 
in silver-lead borate glass was examined. The excitation 
spectra of Eu3+ were monitored at λem = 590, and 612 nm of 
5D0-

7F1 and 
5D0-

7F2 transitions are depicted in figure 2. The 
spectral range from 200 to 600nm consists of sharp lines 

attributed to transitions between the 4f energy levels of Eu3+. 
The excitation bands can be assigned to 362 nm (7F0-

5D4), 
381nm (7F0-

5G3), 394 nm (7F0-
5L6), 414 nm (7F0-

5D3), 465 nm 
(7F0-

5D2) and 533 nm (7F0-
5D1). All the assigned transition 

values are in good agreement with excitation values of Eu3+ 
ions, as reported by many authors [12]–[14]. The excitation 
spectra show the strongest peak at 394 nm for Eu3+ and found 
peaks at 296 and 306 nm for λem = 590 nm and λem = 306 nm, 
respectively; there is a peak shift observed in the different 
emission values of Eu3+. Thus, we consider 394, 306, and 206 
nm ideal pump wavelengths to generate emissions from the 
prepared sample. 

Fig. 2.  Excitation spectra of Eu3+ glass were monitored at λem = 590 and 612 
nm. 

Fig. 3. Emission spectra of Eu3+ glass were monitored at λex = 394 nm. 

Figure 3 shows the emission spectra at λex = 394 nm of 
Eu3+ ions in the glass. In glasses, due to the absence of a 
center of symmetry and long-range periodicity of atoms, an 
amalgamation of the 4f orbitals with opposite parity orbitals 
occurs. This rise in the electric dipole (ED) allowed 
transitions. The crystal field environment forces the 5D0-

7F2 
emission transition in the vicinity of the Eu3+ ions. It is a 
hypersensitive (ΔJ=2) transition, and its intensity is very 
sensitive to the local environment. The 5D0-

7F1 emission 
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transition (magnetic dipole, ΔJ=1) of Eu3+ ions is forbidden 
under selection rules and has intensity independent of the host 
environment. It is found that in figure 3, small, stark splitting 
(590 and 595 nm) depending upon the ligand fields being 
experienced by them and other emissions 5D0-

7FJ (J=0, 3, and 
4) are strictly forbidden and appear with low intensities [15]–
[19]. The emission spectra at λex = 394 for Eu3+ ions show a 
brightly red luminescent optical material.  

Fig. 4.  Emission spectra of Eu3+ glass were monitored at λex = 306 nm. 

Fig. 5.  Emission spectra of Eu3+ glass were monitored at λex = 296 nm. 

Figure 4 and 5 shows emission spectra at λex = 306 and 
305 nm of Eu3+ doped glass due to 5D0-

7F1 and 5D0-
7F2 

transitions, respectively. In figure 4, it can be seen that intense 
emission is attributed to the 5D0-

7F2 transition (electric dipole) 
and observed that a shallow intense peak at 590 nm 
corresponds to the 5D0-

7F1 transition (magnetic dipole). 
Similarly, figure 5 shows the same trend but a slight increase 
in the intensity of the 590 nm peak. From the above 
discussion, we concluded that the excitation beam at 306 and 
296 nm has also been suggested to be an ideal one to 
demonstrate europium glass as highly monochromatic light.        

IV.     CONCLUSIONS 

The glasses of composition 70B2O3–29PbO–29PbO–(1-
x)Ag2O–xEu2O3 (x = 0.5 mol%) have been prepared by 
conventional melt quenching method. The investigation of 
FTIR spectra revealed that in the glass matrix, various borate 
groups are randomly interconnected. The presence of boron 
atoms in both BO3 trigonal units and BO4 tetrahedral units 
with new structural groups like boroxol rings, pyro, and 
dipent-borate. The fluorescence spectrum of the glass system 
is found to be a brightly red luminescence peak. These glasses 
are widely used as efficient red phosphors and have several 
potential applications in photonic devices.     
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Abstract 

In this work, the consequences of doping europium 

ions in to alkali lead boro-tellurite glasses on physical, 

structural and optical properties are explored. By 

conventional melt quenching method the new set of 

glass were prepared. Structural properties were 

studied by XRD and Raman spectrometer. Variations 

in density were estimated by Archimedes principal 

and other physical properties such as molar volume, 

oxygen packing density, interionic distance, field 

strength, were estimated by applying suitable 

formulae. To analyse the optical properties of all 

prepared glass samples the absorption spectra were 

taken in UV-visible region in the wave length region 

200-1100 nm. Optical properties like optical energy 

band gap and Urbach energy were determined by 

means of Davis-Mott method. By using estimated 

refractive index values, the corresponding molar 

refraction, molar polarizability, dielectric constant, 

reflection loss and metallization criterion of all 

prepared glass samples were measured by applying 

appropriate formulae.  

1 Introduction 

In recent research, the preparation and studies on 

structural, optical and physical properties of metal 

oxide glasses doped with rare earth ions have attracted 

attention of researchers due to their huge applications 

in the fields such as optical amplifiers, optical fibers, 

optical materials, waveguide lasers, sensors, displays, 

and optical data storage devices[1][2][3][4]. 

Tellurium dioxide is a better conditional glass former 

and tellurium based borate glasses have unique 

properties such as  , low phonon energy and relatively 

high thermal stability, ease of production and high 

chemical durability, high thermal and chemical 

stability, reasonably low phonon energies, and 

excellent nonlinear-optical properties [5]–[8]. These 

remarkable features made tellurite glasses as potential 

materials for developing of photonic devices [9]. Over 

the decades researchers were using B2O3 due its 

excellent glass forming ability and remarkable 

structural variations  when it is inserted in to alkali 

and alkaline earth cations and optical properties[10]–

[14]. Lead oxide (PbO), if it is added to boro-tellurite 

network improves ability of glass forming property 

and decreases the crystallization rates [7], [15], [16]. 

Among the few lanthanide oxides, europium oxide is 

popularized as a explorer of the optical behaviour of 

the boro-tellurite glasses due to a very good fact that 

Eu3+ ions contains narrow band emission(4f6), high 

lifetime of optically active state and almost 

monochromatic nature [17]–[19]. Though some works 

have been done already, but not many details reported 

about effect of Eu3+ and PbO on optical and structural 

and physical properties of boro tellurite glasses[15], 

[17], [20]. 
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In the current work authors reported synthesis of 

lead boro-tellurite glasses undoped and doped with 

Eu3+ ions and study of their optical, physical and 

structural properties. 

2 Experimental details 

Analytical grade chemicals such as H2BO3, TeO2, 

PbO, Na2CO3 and Eu2O3 from sigma –Aldrich 99.9% 

purity have been used for the preparation of glass. 

Eu3+ ions undoped and doped alkali lead boro tellurite 

glasses with chemical composition 70-y (B2O3)-

15TeO2-5PbO-10Na2O-yEu2O3 (where y=0, 0.1, 0.2, 

0.3, 0.4, and 0.5 mol %) here onwards named as 

E0LBT, E1LBT, E2LBT, E3LBT, E4LBT and 

E5LBT, respectively, were prepared by following 

conventional melt quenching method. Investigated 

ELBT glasses are polished for characterizations. To 

know noncrystalline nature of prepared EBTE glass 

X-ray diffraction measurements were carried out with 

the help of Bruker D8 Focus X-ray diffractrometer 

instrument which is having Cu Kα radiations of 

wavelength 1.54Å and operated at 40 kV. These 

measurements were carried out at room temperature 

in 2θ range of 10° - 80° and the diffracted X- rays 

intensities were recorded by a scintillation detector. 

Raman spectra of all prepared glass samples were 

carried in unpolarized mode with Peak Seekar Pro 

Raman spectrometer though exciting the samples with 

the laser source of wavelength 758 nm operated at 5-

300 mW at room temperature by keeping laser spot as 

100 micron and data was collected in RSIQ software 

with accumulation time as 5 seconds. Archimedes 

principle was involved to determine the density of the 

glass. For all polished glass pellets having thickness 

around 1.2 mm optical absorption spectra were 

recorded at room temperature with the aid of Perkin-

Elmer Lambda-30 absorption spectrophotometer in 

the wave length region 200 nm to 1100 nm. With the 

help of absorption edge studies the optical properties 

were evaluated by using relent formulae. 

 3 Results and discussion 

3.1 XRD and physical properties 

The XRD patterns of Eu3+ ions doped alkali lead boro 

tellurite glasses shown in Fig. 1. From the diffraction 

patterns it is noticed that the presence of a broad 

diffused peaks scattering at lower angles and absence 

of Bragg peaks which greatly indicates the 

noncrystalline nature. The broad hump between 25°-

30° of 2θ readings in figure 1 was observed for the 

ELBT glass, which is attributing of the glass structure. 

Density(ρ) of glasses was calculated by Archimedes 

principle (1) by taking toluene as an immersion liquid 

where ρt  is refers density of toluene, wa and wt weight 

of the glass in air and in immersion liquid 

ఘ

ఘ೟
=

௪ೌ

௪ೌି௪೟
                                    (1) 

 

Fig. 1 Typical XRD pattern of E4LBT glass 

Further, the corresponding molar volume (Vm) of all 

glasses was calculated by a mathematical relation Vm 

= Mw / ρ, where Mw indicates the molecular weight of 

glass.  

 

Fig. 2 Variation of density and molar volume with 

Eu2O3 concentration 
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With the addition of Eu2O3 in to glass network the 

structure of glass expected to modify and it can be 

analysed through mathematical equation i.e., average 

borate-borate distance. The highest value of dB-B 

found as 5.242 Å for E0LBT glass due to less density 

and similarly lowest value found as 4.846 Å for 

E2LBT glass due to more density. 

< 𝑑஻ି஻ >= ቀ
௏೘

ଶேಲ(ଵି௑ಳ)
ቁ
ଵ ଷ⁄

                           (2) 

Where NA indicates Avogadro’s number and Xb is 

molar fraction of B2O3 in each glass. 

Density is one of the useful constraints to investigate 

the structural modification in glass materials. Density 

and molar volume shows opposite nature. Density of 

the ELBT glass showed in Fig. 2 and it clearly shows 

that the ρ increased up to 0.2 mol% and shows 

considerable fall at 0.4 mol% and again increased at 

0.5 mol%. This kind of trend is reported in previous 

work and there it is said that, the variations in the 

density are may be due to formation of non-bridging 

oxygen (NBOs) bonds. More is the formation NBOs 

less is the density and vice versa.  

The oxygen packing density (OPD), rare earth (Eu3+) 

ion concentration, field strength, polaron radius, and 

interionic concentration were calculated by using 

appropriate formulae[21][22]. It is noticed that, both 

interionic distance and polaron radius are decreases as 

Eu3+ ion concentration increase which indicates the 

improvement in Eu-O bond strength and this results as 

strong field strength around Eu3+ ions.  

 

Fig. 3 Plot of field strength versus Eu2O3 

concentration 

 

Fig. 4 Variation of polaron radius and interionic 

distance with Eu2O3 concentration 

Fig. 4 shows variation of polaron radius and interionic 

distance with respect to Eu3+ ion concentration. OPD 

gives the idea about the organisation of oxygen atoms 

in the glasses. The highest OPD recorded for 0.2 

mol% due to more density and less formation of 

NBOs. Determined all physical properties of ELBT 

glasses were tabulated in Table 1. 

3.2 Raman spectra analysis 

The Fig. 5 indicates the Raman spectra of ELBT 

glasses and it is noticed that spectra having 

considerable broadbands which are obtained may be 

due to overlie of one or more peaks. At ~431 cm-1 

broad band represents the Te-O-Te bonds in 

stretching vibrations. Intensities of the peaks were 

observed as varying for glasses having Eu3+ ions 

concentrations more than 0.1 mol%. A tiny band at 

~579 cm-1 of E2LBT glass implies the asymmetric 

vibrations of Te-O-Te bonds and a diffused a band at 

~761 cm-1 is identified and it is ascribed as stretching 

vibrations of Te-O in TeO3 triangular pyramid group 

as well as TeO3+1 polyhedra and this band is also 

attributed to symmetrical breathing vibrations in 

borate rings consists of six members of boron consists 

of one or more tetrahedra of BO4 with one or more 

BO4 tetrahedra. A more intensive band is recognised0.0 0.1 0.2 0.3 0.4 0.5
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exactly at ~681 cm-1 of a  E4LBT glass which is 

attributed to antisymmetric vibrations in the linkages 

of Te-O-Te bonds originated by two dissimilar Te-O 

bonds and also it then leads to the little  deformation 

in the TeO4 trigonal bipyramid groups. The other 

small peak near ~921 cm-1 reveals the existence of 

ortho-borate in glass structure. The shoulders between 

1250-1350 cm-1 was found in all prepared glasses 

which implies the presence of symmetric stretching 

vibrations of BO3 triangular units in meta-borate, 

ortho-borate and pyro-borate units. 

 

Fig. 5 Raman spectra of undoped and doped ELBT 

glasses.

3.3 Optical properties 

Absorption spectra of all Eu3+ ions doped ELBT 

glasses were showed in the Fig. 6. For better 

understanding, absorption spectra of E4LBT glass 

showed in the inset of Fig. 6. It consists of seven 

prominent and sharp peaks situated at 

393,415,465,524,579, and 586 nm which are due to 

the electronic transitions of 7F0-
5L6, 

7F1-
5D3, 

7F0-
5D2, 

7F0-
5D1, 

7F1-
5D1, 

7F0-
5D0 and 7F1-

5D0, respectively. For 

all glass samples, the absorption co-efficient i.e. α(ν) 

were measured near absorption edge at photon 

energies. It has been reported that, for direct and 

indirect band gap data well fits to an equation (3) 

proposed by Davis and Mott.  

 

 

Fig.6 UV-visible absorption spectra of ELBT glasses 

and E5LBT glass (inset) 
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Table 1  Average molecular weight (Mw), density (ρ) , molar volume (Vm), Borate – Borate separation (< 
dB-B>), rare earth ion concentration (Ni), Inter ionic distance (Ri), Polaron radius (Rp), Field Strength (S) and 
Oxygen Packing Density (OPD) . 

x 
mol% 

Mw 

(g/mol
) 

ρ 
(g/cm3) 

Vm 
(cm3) 

d < B-B > 

(Å) 
Ni x1019 

(ions/cm3 

) 

Ri (nm)  Rp (Å) S 

x1014cm-

2 

OPD 

(g-
atom/l
) 

± 0.01 ± 0.001 ± 0.001 ± 0.001 ± 0.001 ± 0.001 ± 0.001 ± 0.001 ±0.01 

0 131.71 2.522 52.424 5.254 - - - - 46.162 

0.1 131.93 2.957 44.803 4.980 4.033 3.072 11.749 2.173 54.014 

0.2 132.16 3.205 41.406 4.846 8.727 2.254 9.083 3.635 58.445 

0.3 132.39 2.828 47.000 5.049 11.533 2.054 8.277 4.378 51.489 

0.4 132.62 2.717 49.013 5.104 14.746 1.892 7.626 5.157 49.374 

0.5 132.85 2.935 45.441 4.982 19.881 1.713 6.903 6.294 53.255 
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𝛼(𝜆) = 2.303 ቂ
஺

ௗ
ቃ       (4) 

Where A is the absorbance, d is the thickness of the 
ELBT glass samples and where m indicates an index 
that have values such as 2, ½, 3/2 and 3 corresponds 
to indirect allowed, direct allowed, direct forbidden 
and indirect forbidden respectively, B is a constant 
which indicates the band tailing parameter and hν is 
photon energy and Eopt is the optical energy band gap. 
The direct and indirect band gap energy values were 
found by the Tauc’s plots and showed in the Figs. 7 

and 8. Obtained direct and indirect band gap values 
were lies between 3.367 to 3.653 eV and 2.019 to 
3.021 eV, respectively. The significant variations in 
the band gap values with the addition of Eu3+ ions into 
glass were noticed which mainly because of formation 
of NBOs. Urbach energy is the parameter which 
measures the disorderness in the both crystalline and 
noncrystalline materials. It can be measured by a 
relation (5) and by taking the reciprocal of the slope at 
linear region of curves in plot of ln(α) versus hν and it 
shown in Fig. 9. 

 

 

  

Fig. 7 Plot of (αhν)2 versus hν for E4LBT glass 

 

 

 

 

 

 

Fig. 8 Plot of (αhν)1/2 versus hν for E4LBT glass 

𝑙𝑛𝛼 = 𝑙𝑛𝛼௢ +
௛ణ

∆ா
        (5) 

The obtained results tells the fact that considerable 

variations originated by the addition of Eu2O3 in to the 

glass network. The highest disorderness obtained for 

the E2LBT glass. 

An important and more useful parameter i.e. refractive 

index was evaluated by a Lorentz- Lorentz equation 

(6) here Eg refers the energy gap. 
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Table 2. Optical direct band gap - Eg(d)(eV), Indirect bad gap - Eg(ind)(eV),  Urbach energy - ΔE (eV), Steepness 
parameter - (S),  Molar refraction - Rm(cm3/mol), Refractive index - (n), Dielectric constant - (ε), Electronic molar 
polarizability - αm (10-29), reflection loss RL(%) and metallization criterion (M) 

x 
(mol%) 

Eg(d) Eg(ind) ΔE S Rm n ℰ RL αm M 

± 0.001 ± 0.001 ± 0.001 ± 
0.0001 

± 0.001 ± 0.001 ± 0.001 ± 0.001 ± 0.001 ± 0.001 

0 3.597 2.863 0.464 0.0556 35.257 2.260 5.107 0.672 1.399 0.327 

0.1 3.418 2.531 0.590 0.0438 31.143 2.358 5.5601 0.695 1.235 0.304 

0.2 3.520 2.548 0.621 0.0416 27.925 2.268 5.143 0.674 1.108 0.325 

0.3 3.653 3.021 0.600 0.0431 31.390 2.241 5.022 0.667 1.245 0.332 

0.4 3.367 2.019 0.564 0.0458 33.434 2.301 5.294 0.682 1.326 0.317 

0.5 3.477 2.720 0.471 0.0548 30.768 2.279 5.193 0.677 1.220 0.323 
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௡మିଵ

௡మିଶ
= 1 − ට

ா೒

ଶ଴
              (6) 

Further, with knowledge of refractive index the 

dielectric constant, molar refraction, molar 

polarizability, reflection loss and metallization 

criterion were determined with precise mathematical 

formulae[20]–[23] and obtained are tabulated in the 

Table 2. 

 

 

Fig. 9 Plot of ln(α) versus hν for E4LBT glass 

The highest refractive index was found for the E1LBT 

glass and lowest one found for E3LBT glass. The 

obtained values were relatively compared to other 

reported data. Molar refraction and molar 

polarizability are directly proportional and same we 

can observe in the Fig. 10.  

 

Fig.10 Variation of molar refraction and molar 

polarizability with Eu2O3 concentration 

The accountable and significant variations were 

observed in all parameters with addition of Eu2O3 into 

glass network was mainly due to production of 

additional NBOs. Metallization criterion value are 

depends on the reflection loss values i.e., if RM / VM > 

1 then it is metal and RM / VM < 1 then it is non metal. 

The values obtained for ELBT glass are in the range 

0.304 to 0.332 and this range is well fit with the 

nonlinear optical values having rage 0.3 to 0.4. Due to 

this reason these LBTE glasses can be used in the 

manufacture of optical switching, optical computing 

and optical data storage devices. 

4. Conclusion 

Eu2O3 doped lead boro tellurite glass samples were 

synthesised by conservative melt quenching 

technique. Non-crystalline nature of the glasses was 

declared by XRD patterns. On increasing europium 

ion concentration the significant variations in both 

density and molar volume were observed which are 

mainly due to the formation of nonbridging oxygen 

and changes in OPD. By Raman studies , the  Te-O-

Te bonds in stretching vibrations, asymmetric 

vibrations of Te-O-Te bonds, stretching vibrations of 

Te-O in TeO3 triangular pyramid group, symmetrical 

breathing vibrations in borate rings consists of 

tetrahedra of BO4, symmetric stretching vibrations of 

BO3 triangular units in meta-borate, ortho-borate and 

pyro-borate units were explored. The optical energy 

band gap found to be having variations with raising 

concentration of Eu2O3 which is due to shifting of 

absorption edge. Optical properties were found to be 

undergoing significant variations by increasing Eu2O3 

concentration, the highest refractive index is found as 

2.358 for glass E1LBT and the lowest one found as 

2.241 for E3LBT glass which is because of NBOs. 

The overall obtained results and studies leads to a 

conclusion that the prepared glasses find potential 

applications in developing optical fibers and optical 

devices. 
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Abstract: By using the sol-gel microwave auto combustion 
technology, a set of cobalt and tin substituted calcium nano-
ferrite samples of chemical composition Ca(Co-Sn)Fe2-
xO3+SiO2x (x = wt percent) have been created with varied SiO2 
ratios. An X-ray diffractometer confirms the structural 
representation of prepared samples (XRD). XRD tests validated 
the samples' Z-type tetragonal crystal structure and crystal 
planes. Scanning Electron Microscope was used to examine the 
morphological features of ready samples (SEM). The existence 
of nano ferrites with a particle size of 33 to 74 nm is indicated by 
the SEM examination. The EDS tests confirm that there are no 
impurity elements present. The fundamental composition of 
materials was identified by “Energy Dispersive X-Ray analysis 
technique (EDS). The average particle size in powder samples 
was found in the range of 41 -57 nm. 

 
Keywords: Calcium nano-ferrite; Aloe Vera; 

Agglomeration; Z-type tetragonal crystal. 
 

1. INTRODUCTION 

The new ferrites are ferromagnetic materials made up 
of massive iron oxides as well as additional oxides such as 
barium, cadmium, strontium, nickel, manganese, zinc, 
cobalt, lithium, tin, and calcium [1-8]. Because of their 
distinctive magnetic, electrical, mechanical, and optical 
properties, ferrites with the chemical formula MFe2O4 
(where M is a divalent metal ion) showed promise in 
technological applications [1,4]. As a result, ferrites have 
been identified for a variety of applications such as 
magnetic recording medium, MRI augmentation, catalysis, 
magnetic fluids in the storage or retrieval of data sensors, 
and pigment [1,2,7,8]. The structure of spinal-type ferrites 
consists of a densely packed oxygen array with 32 oxygen 
ions forming a single cell. For the production of ferrite 
nanoparticles, a variety of processes are available, 
including hydrothermal [9], chemical co-precipitation[10], 
combustion[11], sol-gel [12,13], traditional ceramic 
process[14-18], and RF-sputtering [9,10,18]. Among all 
acknowledged technologies, simple and cost-effective 
approaches for preparing nano-ferrites with the lowest cost 
for use, nontoxic and ecologically friendly precursors are 
extremely relevant. The sol-gel microwave auto 
combustion method was employed to manufacture calcium 
nano-ferrites in the current study. The use of diverse plant 
extracts for the manufacture of nanoparticles with particle 
sizes ranging from 5 to 50 nm has been documented in 
recent research [19,20]. 

Aloe Vera is one of the boons to researchers because i) 
It contains 99.5% of water in its leaves and the rest is solid 
content, ii) The solid material of Aloe Vera possesses over 
75 diverse ingredients, namely salicylic acid, sugars, 
minerals, enzymes, sterols, vitamins, amino acids, 
saponins, etc., iii) It is a natural plant and easily available 
in India and many other countries, iv) Aloe Vera gel is 

mainly used in cosmetics products such as sun lotions, lip 
balm, face creams, healing ointments, hydrating elements 
in liquids. v) Further, it is also used in pharmacology for 
anti-inflammatory, and burn treatment[21]. Aloe Vera is a 
good reducing agent and it can reduce the particle size to 
nanometers [22,23]. The effect of various diamagnetic-
paramagnetic cations on the nanostructure and magnetic 
properties of M-type hexaferrite has been reported to be 
important for use in technical applications [24-31]. It is 
stated by Preksha N, et al [32] that, the Sr3Co2-xGaxFe24O41 
hexaferrite materials can be used for microwave absorbers 
applications. The replacement of Nd3+ ions in nickel 
ferrites can improve the magnetic parameters [33,34]. E. 
Ahilandeshwari et al showed that the nano ferrite materials 
with the chemical formula BaNdxFe2-xO4 are potential 
candidates for the reduction of EMI with the least 
reflection loss over a broad frequency range [8]. It is stated 
that [35-37], the simultaneous inclusion of SiO2 and CaO is 
well-matched to stimulate the densification of hard ferrite 
magnets without letting in large amounts of grain growth. 

The present investigations are mainly focused on 
synthesis, structural, morphological, and elemental analysis 
of calcium nano ferrites, doped with cobalt and tin. The 
result of SiO2 on crystalline size, structural, microstructure, 
and elemental analysis of calcium nano ferrites was 
analyzed with XRD, SEM, and EDS. 

 2. EXPERIMENTAL METHOD 

Calcium ferrites doped with cobalt and tin ions having 
chemical composition SiO2xCa(Co-Sn)Fe2-xO3 have been 
synthesized by sol-gel microwave auto combustion 
method. The ferrite samples were prepared by taking 
analytical reagent grade (AR) chemicals such as calcium 
nitrate Ca(No3)24H2O, cobalt nitrate Co(No)3, tin oxide 
(SnO2), ferric nitrate Fe(No3)29H2O having 99% purity 
procured by Sigma Aldrich as starting materials. Here 
Co(No)3 and SnO2 were taken as substituting material, urea 
(NH2-Co-NH2 ), and Aloe Vera plant extract were used as 
fuel with suitable ratios. Further, the sol-gel combustion is 
one of the best approaches for the synthesis of nano-
materials due to the following factors, i) it gives ultrafine 
powder nanoparticles, ii) better particle size distribution, 
iii) high probability of forming a single structure, and iv) 
excellent chemical homogeneity. The calcium nano ferrites 
were prepared by microwave-induced sol-gel combustion 
method [29,35]. Here, instead of a conventional furnace, 
the microwave oven was used for combustion, because it 
gives uniform heating during the sample combustion 
process.  

For preparation, the quantified amount of metal nitrates 
was dissolved into distilled water and heated at a 
temperature of 353.15 K for 3 hours by taking urea as fuel, 
which gives the necessary energy to start an exothermic 
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reaction. The gel formed was burnt in a digitally controlled 
microwave oven, yielding powder (ash). The resulting 
powder was followed by grinding for 5 hours in pestle 
motor to get ultrafine homogeneous crystallized 
nanoparticle powder of samples and then heated in an 
electric furnace at up to 1073.15 K and then cooled at the 
same rate.  The obtained powder is then taken for XRD, 
SEM, and EDS analysis. The crystal structure, phases or 
planes, and lattice parameters were calculated by Bruker 
AXS D8 Advance X-ray diffractometer, containing  Cu 
Kα, λ = 1.54 Å. The morphology, elemental analysis, and 
particle size of the ready samples were performed by JEOL 
6390 scanning electron microscope. 

 
3. RESULTS AND DISCUSSION 

 
3.1. Analysis of X-Ray Diffraction 

 
The XRD graph of synthesized nano-ferrites is depicted in 

Fig. 1 and it is observed that the samples reveal the tetragonal 
structure. The Debye Scherer equation (1) is taken to find the 
particle size of the powder samples of nano-ferrites. 

𝐷 =
௞ఒ

ఉ஼ைௌఏ
              (1) 

Where, λ is the wavelength of X-rays i.e. 1.54 Å, k referred 
to Scherer constant (for hexaferrite K=0.89), β denotes the full 
width at half maxima (FWHM) and θ is the Bragg’s angle [8-
17].  The average particle size in powder samples was found in 
the range of 41 -57 nm.  The crystal parameters such as lattice 
constants a, c, and volume of the unit cell Vcell, were 
determined by using mathematical equations (2), (3) [8-11,24-
30] and obtained Miller indices (h k l) values, inter planner 
distanced recorded in Table 1.  

 

ଵ

ௗమ
= ቂ

௛మା௞మା௟మ

ଷ௔మ
ቀ
௔మ

௖మ
ቁቃ ቀ

ଵ

௔మ
ቁ           (2) 

 

𝑉௖௘௟௟ = 𝑎ଶ𝑐            (3) 

 

Table 1. Lattice parameters, average crystallite size, d-
spacing, and unit cell Volume of prepared calcium nano 
ferrites. 

 

The XRD patterns of Calcium –Cobalt-Tin Ferrites 
(CCTF) nano ferrites are depicted in Fig. 1. From Fig. 1, it 
is observed that the prepared nano-ferrites are exhibiting a 
Z-type tetragonal structure. The obtained Braggs 
diffraction planes are closely matched with the JCPDS no. 
41-753. The crystallite size of prepared samples is 
appearing in nanometers, also recorded in Table 1. Few 
noisy peaks were noticed in pattern in all CCTF nano 
ferrites might be owing to i) the crystallite size being 
relatively small ii) the instrumental error. The crystallite 
size of undoped CCTF-1 nano ferrite is 57.61 nm and it is 
relatively more than that of the SiO2 doped nano ferrites 

(i.e.41-55nm). This may be due to the replacement of Si4+ 
with Fe4+ in calcium nano ferrites reducing the crystallite 
size in the presence of Aloe Vera fuel. The trend of 
lessening in the crystallite size concerning an increase in 
silicon dioxide was also described by researchers in their 
work [35-37]. It is also observed in Table 1 that, the values 
of lattice parameters SiO2 doped CCTF nano ferrites are 
decreasing with an increase in the concentration of SiO2 
owing to the higher difference in the ionic radii of the 
element ions [35-37]. The decrease in unit cell volume in 
samples with an increase in SiO2 might be due to the 
blocking of grain growth. 

 
 

 
Fig.1. XRD pattern of SiO2(x) Ca(Co-Sn)Fe2-xO3 

 

 

Fig. 2. SEM micrographs of CCTF nano ferrites. 
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0 CCTF-1 5.325 7.579 57.61 2.43 214.90 
0.02 CCTF-2 5.224 7.351 55.12 2.32 200.61 
0.04 CCTF-3 5.072 7.179 46.65 2.27 184.68 
0.06 CCTF-4 4.791 7.012 41.48 2.17 160.95 
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3.2. Morphological and Elemental Analysis 

The Scanning Electron Microscopy (SEM) of the 
undoped and doped CCTF nano ferrites was depicted and 
the SEM micrographs are used to analyze the morphology 
of prepared CCTF nano ferrites as shown in Fig.2. The 
prepared ferrites are not spherical but lightly agglomerated. 
The presence of small agglomeration at the nano-scale is 
because of the high surface and dangling bonds of nano 
ferrites [38-40]. 

The particles are in nano-scale and the distribution is 
weakly irregular, due to low sintering temperatures and 
ultra-short intervals involved in the process of sample 
synthesis. This may reduce the increase in aggregation and 
may not disturb the re-crystallization of the lattice [41-45]. 
The morphological structures are depicted in fig. 2 (a), fig. 
2(b), fig 2(c), and fig. 2(d), are being influenced by Si2O2 
content and the average particle size of nano ferrites 
decreasing [35-37]. 

 

 
3a) EDS spectrum of CCTF-1 nano ferrite. 

 

 
3b) EDS spectrum of CCTF-4 nano ferrite. 

 

Fig. 3. a) EDS spectrum of CCTF1 nano ferrite and 3b) EDS 
spectrum of CCTF-4 nano ferrite. 

The energy-dispersive X-ray spectroscopy of CCTF 
nano ferrites are depicted in Fig. 3(a) and 3(b). The energy 
peaks of elements O, Fe, Ca, Sn and Co, which are used for 
synthesis, are identified in Fig. 3(a). Therefore, samples of 
nano-ferrite are synthesized with the correct stoichiometric 
ratio to ensure that they are homogeneous and that there is 

no excess material and impurity. From this, calcium ferrites 
prepared by the sol-gel microwave auto combustion 
method with Aloe Vera as fuel give nano ferrites. The 
particle size of the prepared CCTF nano ferrites is in the 
range of 33 to 74 nm. In Fig. 3(b) the energy peaks for the 
dopant SiO2 were not recorded, probably due to less molar 
concentration. But the impact of SiO2 on structural and 
morphology properties was noticed in their crystallite size, 
lattice parameters, unit cell volume, and particle size in 
SEM micrographs. 

4. CONCLUSIONS 

The SiO2xCa(Co-Sn)Fe2-XO3 single-phase tetragonal 
calcium nano ferrites were prepared by the sol-gel 
microwave auto combustion technique. The crystallite size 
of calcium nano ferrites was determined by the Debye 
Scherer equation and it comes in the range of 41-57 nm. 
The decrease in particle size, lattice parameters, and unit 
cell volume with increasing SiO2 concentration has been 
studied, and this may be due to greater variation in the 
ionic radius of the Si4+ component with Fe4+. The SEM 
analysis of calcium nano ferrites reveals that the particle 
size is in the nano-scale (33 to 74 nm) and contains less 
agglomeration. The distribution of nanoparticles is faintly 
irregular, due to high sintering temperatures. The EDS 
analysis confirms the presence of energy peaks 
corresponding to elements used for preparation and it also 
confirms the homogeneous nature of CCTF nano ferrites 
and the absence of impurities. 
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Abstract— The combustion chamber surfaces 
(piston crown face, cylinder head & valves) were 
coated with ceramic material. Ceramic layers of 
ZrO2-Y2O3 were coated by using plasma spray 
method onto the base of NiCrAlY bond coat to 
thicknesses of 0.28mm & 0.07mm respectively. 
The engine was tested at different load conditions 
like 20%, 40%, 60% and 80% of rated load 
without coating.  The engine with coated piston 
crown, cylinder head and valves was tested at the 
same conditions as of standard (without coating) 
engine. The results showed a reduction in brake 
specific fuel consumption and an increase in brake 
thermal efficiency.   
 

Keywords: ZrO2-Y2O3, plasma spray, piston crown, 

specific fuel consumption and brake thermal efficiency. 

 

1. INTRODUCTION 
 

Thermal barrier coatings (TBCs) because of their 
ability to provide thermal insulation have 
generally been accepted to improve brake thermal 
efficiency for diesel engines. So reduction of heat 
transfer from the combustion chamber reduces the 
energy loss to the coolant during the power stroke 
of the cycle thus increases the operating 
temperatures to improve efficiency [1]. The 
thermal efficiency of most commercially available 
diesel engines ranges from 38% to 42%. Therefore 
58% to 62% of the energy content of the fuel is 
lost in the form of waste heat. Approximately 30% 
is retained in the exhaust gas and the remainder is 

removed by cooling water/air. In order to save 
energy, it is an advantage to protect the hot parts 
by thermal insulating layer [1 & 2].  
 
One of the development trends for heat engines is 
improvement of their thermal efficiency. In case 
of internal combustion engines, one of the ways to 
achieve improved thermal efficiency is by engine 
adiabatization. One of the possible methods to 
adiabatize an engine is to cover the surface of the 
combustion chamber with a Thermal Barrier 
Coating (TBC) of low thermal conductivity. The 
thermal insulation thus obtained is supposed to 
lead to an improvement in the engine’s heat 
efficiency and a reduction in consumption 
according to the second law of thermodynamics. 
Higher temperatures in the combustion chamber 
can have a positive effect in diesel engines, due to 
the reduction in delay and hardness of engine 
operation [3, 4 & 5]. A two layer TBC system 
consists of a ZrO2-Y2O3 ceramic top coating and 
an oxidation resistant metallic bond coat of 
NiCrAlY to thicknesses of 0.28mm and 0.07mm 
respectively. These thermal barrier coating 
systems are applied to the metal substrate by 
plasma spray technique [1, 5, 7, 8 &10]. 
Experiments were conducted with single cylinder, 
directly injected, diesel/biodiesel fuelled C I 
engine with and without thermal barrier coating at 
different loads ranging from 20%, 40%, 60% and 
80% of rated load [6 &9]. The main objectives of 
present investigation is to evaluate the effect of 
thermal barrier coating on engine performance 
parameters like brake specific fuel consumption 
(BSFC) and Brake thermal efficiency (BTE) and 
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exhaust gas temperature (EGT) for neat diesel and 
honge blend B20. 
 

Table 1 

Properties of ZrO2-Y2O3 

 
Materials Coefficient of 

thermal 

          Expansion 

Thermal 

Conductivity 

 (at 100C) W/m-

C 

ZrO2 9-10            0.0047 
Y2O3 9             0.0690 

 
Table 2 

Properties of Diesel and Honge oil 

 

    Characteristics Diesel Honge oil 

Calorific Value 
(KJ/kg) 

      42500           35800 

Viscosity at 40˚C   
(mm2/s) 

        2-5           56 

Cetane number        45-55          40 

Density (kg/m3)        820        927 
 

Table 3 

Engine Specifications 

 

2. EXPERIMENTAL WORK 

Fig.1 shows the piston, cylinder head and valves 
coated with thin thermal barrier coating. The 
piston, cylinder head and valves coated with 

partially stabilized Zirconia to the thickness 
350µm (0.35mm). A 70µm (0.07mm) super alloy 
bond coating (NiCrAlY) is first applied on to these 
engine components and then coated with ZrO2-
Y2O3 to a thickness of 280µm (0.28mm) using 
robotized plasma spray technique. The 
performance of ceramic coated engine is 
compared with standard engine. 
 

 

Fig.1: Piston, Cylinder head and Valves coated   
with ZrO2-Y2O3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2: Schematic Diagram of the Experimental 
Set-up. 

 

   PT         Combustion Chamber Pressure Sensor   
     F1         Liquid fuel flow rate 
     PTF      Fuel Injection Pressure Sensor   
     F2         Air Flow Rate 
     T1         Jacket Water Inlet Temperature     
     F3         Jacket water flow rate. 
    T2       Jacket Water Outlet Temperature  
    F4       Calorimeter water flow rate. 
    T3   Inlet Water Temperature at Calorimeter  
    EGC   Exhaust Gas Calorimeter. 

Engine type TV1 (Kirloskar) 

Cylinder number Single Cylinder 
Stroke number        Four Stroke 
Bore (mm) 87.5mm 
Stroke (mm) 110mm 
Compression ratio 17.5:1 
Rated power   5.2 KW (7 HP) 

@1500RPM 
Dynamometer Eddy Current 

dynamometer 
Load measurement Strain gauge load cell 
Speed measurement Rotary encoder 
Temperature indicator Digital, K- type 

temperature sensor 
Cylinder pressure 
measurement 

Peizosensor, range 
2000psi 

Water flow measurement Rota meter 
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    T4  Outlet Water Temperature at Calorimeter  
    LC    Load Cell   
T5    Exhaust Gas Temperature before Calorimeter      
CA      Crank Angle Encoder 
T6      Exhaust Gas Temperature after Calorimeter. 
FP      Fuel Pump  
FI       Fuel Injector          
 

Fig.2 shows the schematic diagram of the 

complete experimental setup. The specification of 

the engine is given in Table-3. It is provided with 

temperature sensors for the measurement of jacket 

water, calorimeter water, and calorimeter exhaust 

gas inlet and outlet temperatures. It is also 

provided with pressure sensors for the 

measurement of combustion gas pressure and fuel 

injection pressure. An encoder is fixed for crank 

angle record. The signals from these sensors are 

interfaced with a computer to an engine indicator 

to display P-Ө, P-V and fuel injection pressure 

versus crank angle plots. Provision is also made 

for the measurement of volumetric fuel flow. The 

built-in program in the system calculates indicated 

power, brake power, thermal efficiency, 

volumetric efficiency and heat balance. The 

software package is fully configurable and 

averaged P-Ө diagram, P-V plot and liquid fuel 

injection pressure diagram can be obtained for 

various operating conditions. Standard engine 

(without coating) is fully instrumented and 

connected to the dynamometer. The experiments 

are conducted at constant speed at four different 

load levels ranging from 20%, 40%, 60% and 80% 

of rated load. The engine is loaded by using eddy 

current dynamometer. The same procedure is 

repeated for coated engine. Engine has a 

compression ratio of 17.5 and a normal speed of 

1500 RPM controlled by the governor. An 

injection pressure of 210 bar is used for the best 

performance. The engine is tested with neat diesel 

at loading conditions of 20%, 40%, 60% and 80% 

of rated load. At each loading conditions, 

performance parameters like speed, exhaust gas 

temperature, brake power, peak pressure are 

measured under steady state conditions. The 

experiment was repeated for diesel and 20% honge 

oil blend.    Table - 2 shows the properties of 

diesel and honge oil. 

3. RESULTS AND DISCUSSIONS 
 

 
 

Fig.3: Variation of BSFC with Load for Neat 

Diesel and Honge B20. 

Fig.3 shows the variation of the brake specific fuel 
consumption (BSFC) in standard and coated 
engines for neat diesel & Honge B20 at different 
loads. It can be observed that with neat diesel 
there is 5% decrease in BSFC at lower loads and 
about 9% decrease in BSFC at higher loads for 
ceramic coated engine when compared to standard 
engine. This can be attributed to the high 
temperature reached in the combustion chamber 
which results in better combustion efficiency. It is 
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also observed from Figure 3 that with Honge B20 
blend there is 0.5% decrease in BSFC at lower 
loads and about 2.5% decrease in BSFC at higher 
loads for ceramic coated engine compared to 
standard engine. It can be observed that the BSFC 
is high for Honge B20 blend for both coated 
engine and standard engine which can be 
attributed to lower calorific value of biodiesel 
compared to that of unblended diesel. 
 

 
 

Fig.4: Variation of BTE with Load for neat Diesel 
and Honge B20. 

Fig. 4 shows the variation of the brake thermal 
efficiency (BTE) for standard and coated engines 
with neat diesel & Honge B20 at different loads.  
It can be observed that with neat diesel there is 
maximum increase in brake thermal efficiency of 
about 8.5% at 60% load and minimum increase of 
2.0% at 20% load in coated engine compared to 
standard engine. This can be attributed to increase 
in combustion temperature due to TBC which acts 
as insulator.  
 
It can also be observed that with biodiesel blend a 
maximum increase of brake thermal efficiency is 
1.78% at 60% load in coated engine when 
compared to standard engine. It can be observed 
that increase in brake thermal efficiency with 
biodiesel is less in both coated and standard 
engines compared to neat diesel. This is due to the 
lower calorific value of biodiesel compared to that 
of standard diesel.  

 

 
Fig.5: Variation of EGT with Load for neat diesel 

and Honge B20. 
 

Fig.5 shows the variation of exhaust gas 
temperature (EGT) in standard and coated engines 
for neat diesel & Honge B20 at different loads. It 
can be observed that with neat diesel for coated 
engine there is an increase in temperature of 
exhaust gas by about 20C when compared with 
standard engine. Similar trend has been observed 
by Ekrem Buvukkaya et.al (5). This increase in 
exhaust gas temperature in coated engine is 
attributed to the fact that the insulated combustion 
chamber retains the heat released. From Figure 5 it 
can also be observed that with biodiesel blend 
there is an increase of exhaust gas temperature in 
coated engine to an extent of 15C to 50C. It can 
be observed that exhaust gas temperature with 
biodiesel in both coated and standard engine is 
less compared to neat diesel. This is can be 
attributed to the fact that biodiesel is an 
oxygenated fuel.   
 
4. CONCLUSIONS 

The following conclusions are drawn from the 
above experimentation.  

1. Coated engine shows a maximum decrease 
of 2.5% and 9% in Specific fuel 
consumption with neat diesel and Honge 
B20 respectively.  
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2. Coated engine shows a maximum increase 
of 8.75% and 1.78% in Brake thermal 
efficiency with neat diesel and Honge B20 
respectively.  

3. In Coated engine it is found that there is 
maximum 75C and 55C rise in exhaust gas 
temperatures with diesel and biodiesel 
blend respectively. 
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Abstract: Systematic study of lanthanide based calcium 
aluminate nanophosphor was considered to be eventual 
building blocks for multifunctional applications. In this 
work, Dy3+ activated CaAl2O4

 (1-11 mol %) nanophosphor 
was explored via sonication method using fresh lemon juice 
as a bio surfactant. The cause of sonication time, pH value, 
sonication power and temperature on the framework of the 
prepared nanophosphor were studied and discussed. The 
powdered x-ray diffraction results of prepared nanophosphor 
consist of monoclinic phase. The morphological and 
elemental analysis was studied through SEM and EDAX. 
The PL  emission spectra of CaAl2O4:Dy3+(1-11mol %) 
nanophosphor show intensive and sharp peaks centered at ~ 
483, 574 and 636 nm, mature to 4F9/2→

6H15/2, 
4F9/2→

6H13/2 
and 4F9/2→

6H11/2  transitions of Dy3+ ions, respectively. The 
dipole-dipole interaction between the activator ions leads to 
concentration quenching transpire at 9 mol %. The optimized 
sample was utilized for visualization and revelation of 
authenticated ridge details present in latent fingerprints 
(LFPs). The CIE and CCT results affirm the present NPs 
intensify white light emission eminently useful for the 
fabrication of white light emitting diodes.  
Keywords: Sonochemical route; Photoluminescence; 
forensic; WLED                   

     INTRODUCTION 

Fingerprints (FPs) are commonly employed in 
advanced forensic investigations since they provide unique 
evidence on people. The ridge and furrow characteristics of 
FPs provide proof on the donors because they are precise and 
unmistakable for each individual [1-2]. Identification of 
fingerprints helps investigators to track a criminal’s record 
and the FPs detectable in crime scene investigation was 
latent and therefore the visualization has created new 
possibility in various fields, like medical diagnostics, 

forensic investigation etc [3-4].Till date, many chemical, 
physical, and biological methods are rapidly emerged for 
visualization of latent fingerprints (LFPs). However, most of 
these conventional methods consist of drawbacks such as 
low sensitivity, selectivity, background hindrance as well as 
high toxicity [5-6]. Among these, the powder dusting method 
has been most widely utilized approach in crime 
investigation due to its convenience and broad applicability 
[7]. Regular and metallic powders are the two types of 
fingerprint powders available. However, the presence of 
resinous polymers (starch, rosin, silica gel, etc.) in normal 
powders, as well as hazardous components such as lead, 
gold, and silver in metallic powders, made identifying the 
latent fingerprint of surface contamination problematic [8]. 
On the other hand, luminescent nanomaterials give high 
sensitivity, low background hindrance, spatial resolution and 
hence provide noticeable applications in forensic science. 
LFPs universal recognition is mostly based on the level II 
structures (such as ridge termination, bifurcation, and 
crossover). Sometimes, the collected LFPs may be 
incomplete, and even don’t have enough characteristics 
features. Therefore, more characteristics excluding level II of 
fingerprints are required for better recognition. In addition to 
level II details, the level III characteristics (sweat pore) on 
fingertips are also permanent, indisputable and unique to 
visualize the fingerprint more effectively [9]. Various 
fluorescent materials have been used in the past to visualize 
LFPs, followed by a powder dusting method capable of 
revealing clear friction ridge features such as level I to III 
primarily with UV stimulation [10]. To avoid the damaging 
effects of UV radiation, CaAl2O4:Dy3+ NPs were utilized as a 
fluorescent marker for the imaging of level I to level III ridge 
patterns under normal light. 

 Nowadays, the advancement of luminous resources 
is gaining ubiquity in nanotechnology owing to their 
numerous applications in a variety of fields, such as plasma 
displays, field emission displays, latent finger prints (LFP), 
opto-electronic devices, cathode ray tubes, solid state lasers, 
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fluorescent paints, jackets, light emitting diodes(LED’s) 
[11]. Material scientists have focused their attention in recent 
years on trivalent rare-earth metal doped inorganic host 
lattices, resulting in phosphors with brilliant luminescence, 
superior color rendering index, excellent chemical,  physical 
and structural properties, such as larger surface area, smaller 
particle size, higher quantum efficiency with better colour 
purity, and tremendous thermal stability [12]. Among 
different kinds of host materials, aluminates have received a 
kind of interest due to its easy preparation, wide bandgap, 
low cost, and excellent physical and chemical stability [13]. 
Dysprosium doped luminescence materials are at the top of 
research due to possible applications like WLEDs devices 
and visible lasers. The two noticeable transitions, such as 
4F9/2→

6H13/2 and 4F9/2→
6H15/2 levels in the blue (483 nm) and 

yellow (574 nm) region is useful for white light phosphor 
applications [14].   

In this work, white light emitting CaAl2O4:Dy3+ (1-
11 mol %) NPs were synthesized by ultrasonication method 
using fresh lemon juice as a bio-surfactant. To know the 
phase structure and find the mean size of the NPs, X-ray 
diffraction (XRD) analysis carried out. The morphological 
investigations, Photoluminescence (PL) and photometric 
properties of the prepared NPs are studied in detail. Also, the 
synthesized NPs were employing for visualization of latent 
fingerprints on different surfaces. The present work has an 
objective of providing eco-friendly way of fabricating NPs 
for display and forensic applications. 

MATERIALS & METHODS 
The ensuing chemicals are used for the preparation of 
CaAl2O4:Dy3+ (1-11mol%) NPs by ultrasound-assisted 
sonochemical route. Calcium nitrate hydrate 
[Ca(NO3)2·xH2O; 99.99 %], aluminum nitrate nonahydrate 
[Al(NO3)3.9H2O;99.97 %], dysprosium (III) nitrate hydrate 
[Dy(NO3)3.xH2O;99.9 %], aqueous NH4OH solution are 
procured from Merck Ltd. and used without further 
purification. The fresh lemon juice was used as a bio-
template and its extraction was made as per previous 
literature. The stoichiometric amount of precursors and bio-
surfactant lemon juice (~ 30 ml) were well dissolved in 
double distilled water using a magnetic stirrer for 30 min. 
Later, aqueous NH4OH solution was added drop wise into 
the already prepared solution with regular stirring so that the 
pH level (8) was maintained properly. Then, the resultant 
solution was kept for ultrasonication by inserting titanium 
probe sonicator maintained at 20 kHz frequency and 300 W 
of power for ~ 1 h. The white precipitate was obtained at the 
end of the reaction was collected, washed thoroughly with 
deionised water, and then dried in a hot air oven at 70 ℃ for 
~ 3 h. At last, the obtained product was subjected to 
calcination for ~900 °C for 3 h. The experimental procedure 
was repeated with different concentrations of Dy3+ ions. 

RESULTS& DISCUSSIONS 
Figure.1 (a) shows XRD profiles of CaAl2O4:Dy3+ (1-11 mol 
%) NPs synthesized via ultra- sonication method. It was 

observed that, sharp and intense diffraction peaks analogous 
to monoclinic phase of CaAl2O4 lattice and are good in 
agreement with standard JCPDS No: 88-2477. No presence 
of impurity peaks in the profiles with increase of the 
Dy3+concentration, which implies that the product was good 
purity and hints that the dopant Dy3+ ions were successively 
substituted in the Ca2+ sites of the CaAl2O4 system. To 
empower this, acceptable percentage difference (∆௥) 
between dopant Dy3+ ions and substituted sites was 
calculated using the following relation; 

∆௥=
ோ೘ିோ೏

ோ೘
𝑥100 ---------------------- (1) 

where Rm; the ionic radius of hostCa2+site (1Å) and Rd; the 
ionic radius of the Dy3+ions (0.912 Å).The ∆௥value between 
Dy3+ and Ca2+in 6-coordinated sites was estimated and found 
to be 8.8%.The estimated ∆௥ value was within the standard 
value of 15 %, which surely indicates that the Dy3+ ions 
preferentially substituted in 6-coordinated Ca2+ sites in the 
CaAl2O4 lattice. The crystallite size and micro-strain of the 
prepared NPS was calculated using Scherrer’s relation and 
W-H approach using fallowing relations; 

        
θ cos β

λ 0.9
 = D ------------------- (2) 

 





 sin

  
9.0

 
 

cos


D -------------------- (3) 
where, λ; wavelength of the X-rays (0.15406 Ǻ), β; full width 
at half maximum (FWHM in radian),ϵ; microstrain, θ; 
Bragg’s angle. The W-H plot of the prepared NPs was 
depicted in Fig .1(b). The estimated average crystallite size 
and microstrain were tabulated in Table 1. 
 

 
Fig.1(a) PXRD profiles and (b) W-H plots of CaAl2O4:Dy3+(1-11 

mol %) NPs 

Table 1:  Estimated crystallite size and micro-strain, of 
CaAl2O4:Dy3+ (1-11 mol %) NPs. 
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Dy3+ 
conc. 
(mol 
%) 

Average crystallite size (nm) Micro-
strain x10-3 

Scherrer’s 
method 

W-H plots 

1 23 28 4.85 

3 22 37 5.23 

5 24 38 4.52 

7 22 25 5.03 

9 25 38 4.35 

11 23 38 4.73 

 
Fig.2 (a) depicts the PL excitation spectrum of CaAl2O4:Dy3+ 
(3 mol %) monitored at ~572 nm emission wavelength. The 
spectra include intensified several peaks at ~ 322, 
346,361,386,418,450 and 479 nm, which are attributed 
to6H15/2→ 4M17/2, 

6H15/2→ 4M15/2,
6H15/2 → 4I11/2,

6H15/2 → 
4I13/2,

6H15/2 → 4G11/2,
6H15/2 → 4I15/2 and 6H15/2 → 

4F9/2transitions of the Dy3+ ions, respectively [15]. The PL 
emission spectra of CaAl2O4:Dy3+ (1-11 mol %) NPs 
recorded upon ~386 nm excitation wavelength were 
displayed in Fig.7 (b). The spectra show intensive and sharp 
peaks at ~ 483, 572,and 635 nm, owing to 4F9/2→

6H15/2, 
4F9/2→

6H13/2,and 4F9/2→
6H11/2 transitions of Dy3+ions, 

correspondingly(Fig.2(b)). An intense peak at ~572 nm was 
mainly ascribed to hypersensitive electric dipole transition 
(4F9/2→

6H13/2) of Dy3+ ions, which was powerfully checked 
by the chemical surrounding of the Dy3+ions in the host 
lattice. Similarly, a peak at ~ 635 nm (4F9/2→

6H15/2) was 
magnetically allowed and hardly varies with the crystal field 
strength and coordination environment around the Dy3+ ions. 
The intensity of the electric dipole transition (4F9/2→

6H13/2) is 
more dominating than the magnetic dipole transition 
(4F9/2→

6H15/2), which provides evidence that Dy3+ ions 
occupy the lattice site without inversion symmetry. The 
degree of distortion from inversion symmetry of the local 
environment surrounding the Dy3+ ions in the lattice site is 
estimated by an asymmetric ratio as follows; 

-(4)-----------   
)(

)(
 = 21

2/15
6

2/9
4

1

2/13
6

2/9
4

2I







HF

HF
A

I
 

where I2;the intensity of the electric dipole transition and 
I1;the intensity of the magnetic dipole transition. 
 
The variation of the PL intensity with Dy3+concentration was 
studied and shown in Fig.2(c). As evident that, a remarkable 
improvement of the PL intensity NPs up to 9 mol % was 
noticed and then shows decreasing tendency with further 
increase of Dy3+ concentration. The declining nature of the 
PL intensity was mainly attributed to familiar concentration 
quenching phenomena [16]. The observed concentration 
quenching arises through non-radiative energy transfer 
between dopant Dy3+ ions. Hence the critical distance 

between Dy3+ ions for energy transfer was calculated using 
the Dexter’s relation; 

3/1

4
32 







c
c NX

VR  ---------------- (5) 

where,V; unit cell volume, N; the number of crystallographic 
sites per unit cell, and Xc; critical concentration of the Dy3+ 

ions. By substituting V =97.435 Å3, N=4, Xc = 0.09 in above 
equation, the Rc value was calculated and estimated to be 
~8.02 Å> 5 Å, demonstrating multipolar interaction among 
nearest Dy3+ ions. The type of multipolar interactions 
concerned in the non-radiative energy transfer was 
determined by using the VanUitert equation; 

3)(
Q

x

K

x

I


 ------------- (6) 

where, x; Dy3+concentration, K and β; constants for a given 
excitation, and Q; multipolar interaction, which is 6 for 
dipole-dipole, 8 for dipole-quadrupole and 10 for 
quadrupole-quadrupole respectively. The ‘Q’ value was 
estimated by plotting log (I/x) vs. log x (Fig. 2 (d)).The value 
Q was found to be 3.45, indicating that the dipole–dipole 
interaction is solely responsible for observed concentration 
quenching. 
 

 

Fig.2 (a) PL excitation spectrum, (b) Emission spectra, (c) Variation of 
PL intensity with Dy3+ concentration, (d) Logarithmic plot of x and (I/x) 
(Inset asymmetric ratio Vs Dy3+ concentration), (e) CIE diagram and (f) 
CCT diagram of CaAl2O4:Dy3+(1-11 mol %) NPs. 

Fig.2 (e) illustrates the Commission International 1931 De I-
Eclairage (CIE) chromaticity diagram of CaAl2O4: Dy3+ (1-
11 mol %) NPs under 386 nm excitation. The estimated CIE 
coordinates are tabulated in Table 2. It was evident that the 
obtained CIE values were close to the standard white light 
chromaticity coordinates (x=0.333 and y=0.333), signifying 
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the higher white-light-emitting excellence of the prepared 
NPs.CIE diagram shows thecolor co-ordinate values of 
CaAl2O4: Dy3+ NPs fall on white light section. Further, 
correlated color temperature (CCT) values were calculated 
by relating the (x, y) values of the light source to (Ú, V́) by 
using subsequent relations; 

3122

4




yx

x
U ------------- (7) 

)8(
3122

9





yx

y
V  

The CCT diagram of CaAl2O4: Dy3+ (1-11 mol %) NPs were 
shown in Fig. 2 (f).The CCT value was obtained in the range 
4000–5500 K. The subsequent CCT values for CaAl2O4: 
Dy3+ (1-11 mol %) NPs were listed in Table 2. The obtained 
CCT values were lesser than 5000 K, representing the warm 
white light source and used for display applications [17]. 
Further, the color purity of the prepared NPs was calculated 
using the following relation; 

)9(%100

)()(

)()(
22

22











yyxx

yyxx

idid

isis
purityColor

where (xd, yd); chromaticity coordinates of the dominant 
wavelength, (xs, ys); co-ordinates of the sample point and (xi, 
yi); white illuminate co-ordinates (xi=0.33, yi=0.33). The 
color purity of prepared NPs was estimated and found to be 
~ 34.26%. The results largely point out that the optimized 
NPs find potential applications in display devices and 
WLEDs. 
Table 2: Photometric characteristics of CaAl2O4:Dy3+ (1-11 
mol %) NPs. 

Dy3+ 
conc. 
(mol 
%) 

CIE co-ordinates CCT co-

ordinates 

CCT 

(K) 

CP 

(%) 

 x y U' V' 

1 0.37039 0.41079 0.2061 0.5143 4468 34.5 

3 0.37104 0.41123 0.2063 0.5146 4454 34.8 

5 0.36854 0.40955 0.2054 0.5135 4510 33.6 

7 0.37104 0.41105 0.2064 0.5145 4453 34.8 

9 0.37074 0.41163 0.2060 0.5147 4463 34.9 

11 0.36779 0.40831 0.2054 0.5129 4524 33.0 

 
The prepared NPs are used for visualization of LFPs 
onvarious porous and non-porous surfaces under normal 
light Well defined ridge characteristics, which includes level 
II ridge details, which are useful for fingerprint classification 
and indexing but not enough for precise person identification 

hence level II ridge details like a lake, ridge end, short ridge, 
scar, loop, bifurcation, trifurcation, and sweat pores are 
studied (Fig.3), which demonstrates that the sensitivity of the 
prepared NPs helping in the visualization of LFPs on various 
substrates. 
 

 

Fig.3. Magnified images of high-resolution FPs developed 
using CaAl2O4:Dy3+ (9 mol %) NPs under normal 
light show various ridge details, including a lake, 
bifurcation, sweat pores, ridge end, loop, hook, 
scar, and trifurcation. 

CONCLUSIONS 

In summary, CaAl2O4:Dy3+ (1-11mol %) NPs were prepared 
by eco-friendly ultrasound-assisted sonochemical route using 
lemon juice as a bio-surfactant. The average crystallite size 
of the prepared samples was estimated and found to be ~ 20-
40 nm. The noticeable increment in the PL intensity up to 9 
mol % and later it diminishes with further increase of 
Dy3+concentration, which ascribed to concentration 
quenching. The dipole–dipole interaction among Dy3+ ions 
was mainly responsible for the observed concentration 
quenching. The estimated CIE coordinates fall on the white 
region of the chromaticity diagram and its average CCT 
value was found to be ~ 4464 K with 34.26 % of color 
purity. Prepared NPs are effectively used to visualize of 
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LFPs on various substrates under normal light, which 
enables level I-III ridge characteristics identification with 
outstanding sensitivity, selectivity, and low background 
hindrance. 
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