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Abstract— Information retrieval from triple
based ontological database play important
role for many organizations. General search
engines use keyword based search
mechanisms. They retrieve huges amount of
data from which sometimes it becomes
difficult for users to identify relevant
information. Semantic approach can be used
to retrieve relevant information from
ontological database. Here we have proposed
and implemented an information retrieval
system based on NL triplet extraction
algorithm.
Index terms — RDF, SPARQL, Ontology,
OWL
I. INTRODUCTION

Domain specific question answering systems
play significan role in many organizations.
General search engines are based on keyword
searching mechanisms. It retrieves huge amount
of data from which sometimes it become
difficult for the users to recognize relevant
information. Semantic approach searches
information by understanding the intent of user
and meaning of words in user query. It uses
semantics to produce highly relevant results.

This technique can be used to retrieve
information for knowledge bases like ontology.
Ontology is a technology used to enable the
domain knowledge at a high level and improve
the information retrieval time used in question
answering system.
User can use ontological concept to search
conceptual and semantic information. Ontology
plays a significant role to access information,
exchange of information, use and reuse of
knowledge, sharing of information. Ontology
can describe things and their properties and
interrelations in a way that computers can
process and automate. Ontology provides a
knowledge-sharing infrastructure that supports
the representation and sharing of domain
knowledge. An increasing number of ontologies
are being developed, and their reuse and sharing
offer several benefits. One important advantaget
is that we can subatantially save time and effort
by reusing existing ontologies instead of
building new ones. Another benefit is that
heterogeneous systems and resources can
interoperate seamlessly by sharing a common
ontology.
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II.SEMANTIC APPROACH

Semantic web is an extension of World Wide
Web. It allows user to find, share and combine
information more easily and efficiently.
Ontologies form an important component of
semantic web which is used to improve
understanding the intent of user and meaning of
words.
To retrieve information related to semantics,
ontologies are one of the main approaches used
for knowledge management. Ontologies are
defined as conceptualization which contain set
of concepts, their interrelations and rules that
govern these concepts to be interpreted by
machines. Most ontologies describe individuals
(instances), classes (concepts), attributes, and
relations.
For creating ontologies Web Ontology
Language (OWL) is used. OWL is based on
W3C standards and help in defining ontologies
which contain information representation
features. OWL us built on XML and allows
users to provide machine readable semantic
annotations for specific communities of interest.
OWL is used to describe classes, properties and
individuals.

their sub-categories. Here off the shelf Stanford
NL parser can be used to get triples from a
natural language query.
IV.PROPOSED WORK

When user enters question in natural language,
that question is first processed to get query
triples. Triples are in the form of {Subject,
Object & Predicates). Linguistic components
are used to classify query in triples. The result
we get is “Query Triples”. There are two main
reasons for adopting a triple-based data model.
First of all, although not all possible queries can
be represented in the binary relational model, in
practice these exceptions occur less frequently.
Secondly, RDF-based knowledge representation
(KR) formalisms for the semantic web, such as
OWL also subscribe to this binary relational
model and express statements as <subject,
predicate, object>. Hence, it makes sense for a
query system targeted at the semantic web to
adopt a triple-based model that shares the same
format as many millions of other triples on the
Semantic Web. Here a triplet extraction
algorithm is used.

III.TRIPLES BASED MODEL

To translate NL query to intermediate triplebased representation linguistic components are
used. Linguistic components consist of English
tokenizer, sentence splitter, POS tagger and VP
chunker. The annotations returned after the
sequential execution of these resources include
information about sentences, tokens, nouns and
verbs. These annotations are used to query
ontology. It is preprocessing step which help in
precise classification of query. It is needed to
understand particular NL query and also guide
NL query in creating equivalent triple based
representation.
Tokenizer is used to break a stream of text up
into words, phrases, symbols or other
meaningful elements called tokens These tokens
becomes input for further processing such as
POS tagging, parsing etc. Automatically
assigning descriptors to given tokens is called
tagging. Tag may indicate one of the parts of
speech, semantic information and so on. The
process of assigning one of the parts of speech
to the given word is called Parts Of Speech
tagging. Parts of speech include nouns, verbs,
adverbs, adjectives, pronouns, conjunction and

Relation
matching
algorithm

Linguistic
components

User
query

Query
triples

Inference
engine

Ontolog
y
compati
ble

Query
answer

Fig 1: Natural language query processing
After getting Query Triples next step is to map
these triples to onto compatible triples using
relation matching algorithm. The purpose of
this algorithm is to match these query triples
against an existing knowledge base, consisting
of semantically described words or phrases.
While trying to classify parts of the user input,
a comparison between user input and
knowledge base must eventually be made.
Because of user input being an infinite set,
either a reduction of input words or expansion
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of the knowledge base must be made. Popular
approaches that solve this problem include
stemming, lemmatization and various distance
functions. Stemming is based upon a set of
rules, which determine word morphing, and is
therefore limited to weakly inflected languages,
where
such
rule
collections
exist.
Lemmatization is used in conjunction with large
language specific dictionaries, which are used
to expand the knowledge base dictionary. This
knowledge is then used to derive morphed
words into their lemma. For measuring the
results we have to create a test set, which would
allow us to compare sequences against each
other and would at the same time contain the
information about the closest match.

Interpretation is process of finding objectives of
the question, for example Property, target and
context. It gives where to focus in order to find
the answer. For example the question is “who is
the hod of computer department?” and the
interpretation will be “Property: Name, Target:
hod and Context: computer department”. Target
shall give the actual attribute which have to be
looked up.
Creation of database for academic institution

Fig 1 shows user’s NL query gets convetyed
into “Query Triples” using linguistic
components. Then these triples are mapped to
ontology compatible triples using relation
matching algorithm to get desired efficient and
relevant answer to user query.
V.IMPLEMENTATION

Implementation of this propoed system includes
various steps that have been shown in Fig 2.
Normalization, interpretation, query strings and
finally the answer finding mechanism.
Normalization process gives the “would be”
condition where the answer can be specific to
the question. For example as shown in the
example, the question is “who is the hod of
computer department?” and the normalization
would be like “who be the hod of computer
department”. Here it is normalization that took
us to next step in order to find the answer.

Fig 3: Current screenshot for Question
Answering System giving relevant answer
Fig 3 shows current screenshot of the system.
VI.CONCLUSION

Currently our question answering system is
under construction. It works for small domain
specific ontology only. We are trying to create
large ontology which will be capable of
answering all possible question for particular
domain specific ontology.
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Abstract- Natural resources conservation has
become a requirement in today’s world,
mainly in the new technology. In many of the
rolling applications maximum energy is lost
during deceleration or braking. This problem
has been fixed with the introduction of
regenerative braking. Kinetic Energy
Recovery Systems (K.E.R.S.) is a type of
regenerative braking system which has
different approaches to store and reuse the
lost energy. This paper gives an idea about a
flywheel based mechanical regenerative
braking system (R.B.S.) concept by showing
the application of the same on a bicycle to
improve the performance and/or efficiency of
the bicycle. Thus taking this point of view of
such K.E.R.S. application based on the
principle of R.B.S. on a bicycle can be seen as
a human power generator. By keeping this
point, the electricity generated can be used in
day to day life like charging your smart
phone. The ever increasing energy demand
and increased alertness of people towards the
healthiness in developing countries like India,
are some of the driving forces for the
development of such humanly powered
machines. Flywheel rotor design is the key of
researching and developing flywheel energy
storage system. Thus this paper presents a
literature report reviewing the human power
flywheel motor as well as the flywheel design.

Flywheel,

KERS,

I.
INTRODUCTION
Since ever increasing fuel crises, energy crises,
busy schedules of load shedding, unemployment
justify the need of human powered machines, the
constants efforts are being continuously made to
optimize the various parameters of these
machines so as to provide the ease for the
operator and consequently make efficient use of
human energy [1].
In the human power generator, it works on
the principle to convert muscular or physical
energy of human being into the electrical energy
by means of applying pulley arrangement. The
pulley arrangement converts the efforts which is
applied by human being into the rotating motion
which is used to generate electricity and this
electricity will be used as a preliminary
requirement of electricity. A dynamo machine
replicating alternator consists of a stationary
structure, called the stator, which provides a
constant magnetic field, and a set of rotating
windings called the armature which turn within
that field. The motion of the wire within the
magnetic field causes the field to push on the
electrons in the metal, creating an electric current
in the wire. On small machines the constant
magnetic field may be provided by one or more
permanent magnets; larger machines have the
constant magnetic field provided by one or more
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electromagnets, which are usually called field
coils. Thus by the above mechanism alternator
charges the battery [2].

available for capturing at each instance of
braking. If regenerative braking was used on
such a vehicle it would be able to capture this
amount of energy and reuse this same energy
which would otherwise have been lost in the
form of heat, sound etc. Now, even if we suppose
that the efficiency of the brake is 25% of this,
there would still be an amount of 11.85 kJ (25%
of 47.8kJ) of energy available at each braking
instance, which shows the amount of energy that
can be utilized for beneficial causes. This energy
is roughly, neglecting all losses, enough to
accelerate a car from 0 km/h to around 32 km/h).
This stored energy using R.B.S. can be reutilized
for different purposes, either to help improve
performance or fuel efficiency, in either case
assisting in ‘Load Sharing’ [3].

In actual bicycle the kinetic energy obtained
from the pedalling power is utilized and is not
recovered. By designing and fabricating the
flywheel bicycle, recovery of the kinetic energy
produced from the pedalling power is possible. It
can recover and store frictional energy produced
by braking and releasing of this stored energy in
the flywheel which can be converted to
electricity by the help of an alternator. Now-adays, our country and human life is mostly
affected by load shedding. It has badly affected
the daily human life.
Once we make this cycle which is enough
capable of generating electricity which can
charge a mobile with help of a mechanical
system. All we have to do is spread words about
this innovation and market it in a right direction,
for example, if a student in pune starts using this
bicycle he will be able to charge his own phone
every day without using the conventional
electrical source instead he’ll be using all his
energy with help of which he pedalled and at the
same time he can be able to charge his parents
phone in home. A phone charging uses at least 45 units of electricity per day per phone. So by
saving this electricity per day we’ll be ultimately
saving the electricity by reducing its usage in
conventional way and thus reducing the carbon
footprints. So we just need to do the marketing
of such product on a large scale.

In this whole process, R.B.S. also essentially
functions as a brake system. But due to heavy
torque demands at emergency braking situations
R.B.S. alone would not be sufficient; hence it
needs to be a system supplemental to existing
proven friction braking [4].
II.
COMPONENTS
A. Electrical components of flywheel bicycle
1. Alternator
It is the device by which mechanical energy is
converted into electrical energy. It is D.C.
generator for generating D.C. voltage at output.
2. Rectifier circuit
It is a device which converts A.C. voltage into
D.C. voltage. Some A.C. harmonics produced by
D.C. generator with pulsating modulation of
waves which is not in regular modulation, so for
getting regular modulation of waves, rectifier
circuit is used.

A. Regenerative braking system
In order to understand the concept of R.B.S.
and its impact on vehicle energy performance, a
simple example is presented:
Consider a 300 kg (~ 661lbs) vehicle moving at
an initial speed of 72 km/h(~ 45mph).Now, on
braking the vehicle to a speed of 32 km/h(~ 20
mph) the amount of energy spent is around 47.8
kJ using the equation given below,

3. Filter circuit
At the output of rectifier, D.C. voltage is not in
pure form some A.C. components are in there so
for purification of it, Shunt capacitor filter circuit
is used. Filter is a circuit which minimizes of
removed the undesirable A.C. component of the
rectifier output & allows only the D.C.
component to reach at output.

(1)
Where, Ek: Kinetic Energy of the vehicle; m:
Mass of the vehicle and v: Velocity of the
vehicle. Ideally, this is the amount of energy
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flywheel spinning at an angular velocity ω may
be computed by the following expression:

4. Charging circuit
It is the circuit which is used for charging the
discharged battery.

(2)

5. Battery
It is the source of D.C. voltage. It is the device
where we want to store the D.C. voltage or it
gives the D.C. source whenever we want.

Where, I is the mass moment of inertia of the
spinning wheel. Below Equation is used to
compute the mass moment of inertia for flywheel
with uniform thickness:

6. Inverter
This project requires electronic inverter. The
function of electronic inverter is to convert D.C.
to A.C. [6]

(3)
With M and R being the mass and the radius of
the wheel respectively.

B. Flywheel- Mechanical component

The angular velocity of the spinning flywheel
ω is maintained by applying torques that is
equal to
, in which α is the angular
acceleration of the spinning wheel [8].

The first class of flywheels uses steel as the
main structural material. The second class of
flywheels uses a metallic hub and composite rim
made up of an advanced composite material such
as carbon-fibre or graphite. The metal hub of
composite flywheels had the same geometrical
shape and work condition with the steel
flywheels. This section mainly determines their
maximum outer radius. The design method is
similar in composite rim [7].

The flywheel is where the energy is stored
from the brake regeneration. A 20 inch diameter
bike wheel rim will be used as the flywheel since
it will be smaller than the 26 inch wheels on the
bike, is an off the shelf part that is easy to get,
has most of its mass on the outer edge, would be
easy to add weight to if necessary, and has a hub
that will be easy to attach to the axle [9].

1. Flywheel as mechanical energy storage device
A flywheel such as the one illustrated in Figure
is a mechanical device that is commonly used to
store kinetic energy associated with its rotation
at high speed. The stored energy is then released
to the intended application such as described in
Section II after the supplied energy is either
discontinued or reduced in the magnitudes.

Instability in voltage can lead to quick wear and
tear of the energy storage device. Fig. 2 shows
that in comparison with other storage systems,
flywheels offer maximum steady voltage and
power level, which is independent of load,
temperature and state of charge. Second being
Lithium ion (Li-ion) battery followed by Nickle
metal hydride NiMH and Lead-acid batteries.
Super-capacitors / ultra-capacitors being the
lowest with 30% stability. Reason being that
super-capacitors have self-discharge properties
[10].

Fig. 1 Flywheel
Fig. 1 shows two popular geometry of
flywheels: the uniform cross-section wheels in
the middle and the thick-rim flywheels to the
right. The kinetic energy that can be stored in a
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periodically at re-quire rate to process unit, this
is called as “human powered flywheel motor.”[1]

Fig.2 Energy comparison
Cost is the main drawback of every Hybrid
vehicle. Causes of high cost are the materials
used in making these vehicles and their storage
technologies. Fig. 3 shows that flywheel- system
is the cheapest after batteries with 15% and 6%.
However, flywheels are currently use because of
the efficiency they give in this low cost. Batteries
cannot store enough energy and hence charge
and discharge quickly. Hydraulic systems are the
most expensive of them all followed by supercapacitors with 47% and 32% respectively [10].

Fig. 4 F-R.B.S.
The electrical Energy Supply System (E.S.S.)
has been extensively researched and is an
excellent choice due to its high specific energy,
compactness and operational/implementation
simplicity. But it was found lacking in
storage/recharging
efficiency
and
the
transmission losses associated with energy
conversion from mechanical energy to electrical
energy. So, on an exploratory basis, a flywheel
with a mechanical transmission was selected
with the aim of overcoming these particular
shortcomings of an Electrical R.B.S. system.
With a flywheel E.S.S., high specific power can
be
achieved
and
depending
on
the
design, high specific energy can be obtained as
well. Additionally, flywheels have excellent
recharge efficiencies and very long cycle lives.
On coupling this with a mechanical transmission
the conversion losses are eliminated as the
mechanical braking energy is transmitted and
stored in the same form. The other advantages
being the system can be cost effective
(depending on the design) and simple to recreate.
The problems associated with flywheel systems
are high weight addition and safety issues.
Therefore most of the design goals are met with
a Flywheel based Mechanical System [3].

Fig.3 Cost comparison

III.

WORKING

Any machine, to power it by human energy,
the maximum power requirement should be 75
Watts. Any machine or process requiring more
than 75 Watts and if process is intermittent
without affecting and product, can also be
operated by human energy. This is possible with
the provision of intermediate energy storing unit
which stores the energy of human and supply

While pedalling the bicycle, the flywheel also
rotates by the mode of chain arrangement which
in turn slightly increases the speed of the bicycle.
This setup is more applicable while riding
bicycle on the highways. Hence the back wheel
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rotates while pedalling the bicycle and the
kinetic energy produced is recovered as the extra
movement of the back wheel of the bicycle by
the rotation of the flywheel [9].

The efficiency gained can be expressed as the
energy stored in the flywheel (from the above
section) over the total energy in the bike. The
efficiency lost can be expressed as the energy
required to push the extra weight of the bike over
the total energy in the bike.

A. Gear Ratio used in transmission with clutch
The gear ratio will determine the speed and
torque power of the mechanical bicycle. Gear
Ratios are a ratio between the numbers of teeth
found on the gear. Using a smaller gear in front,
by the pedals, and a larger gear placed in the back
of the bike that is connected to the wheel, will
allow for a power ratio, and will increase the
amount of cycles needed per full rotation of the
wheel, which increases the torque. Which could
be thought of as peddling up a hill. By placing
the larger gear in front and the smaller gear in the
back, a speed ratio is enacted. This means that
the peddler will be put under a stronger force and
will require more energy input to turn the wheel
powering the mechanical appliance [8].

(6)
After plugging in (4), we get,

(7)
is the efficiency,
is the
Where
is the mass of
efficiency of the transmission,
the flywheel, and is the velocity of the bike.
Cancelling like terms we get,

B. Efficiency of the whole mechanism

Using (2),
E= cmr2

2

(4)

(8)
With this in mind the flywheel design should
minimize the mass of the flywheel in favour of a
larger radius or faster speed, since the total
efficiency will be much higher [13].
C. Critical stress in flywheel
Another design consideration to take into
account is the stress experienced by the flywheel.
This is given by

The gain you get from a flywheel must be
measured against the extra power required to
move the bicycle from the extra weight of the
flywheel. Extra work is needed to accelerate the
bike because of the flywheel. Therefore the
efficiency gained from the flywheel can be
shown as:

σ

r2

2

(9)

(5)
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kinetic energy recovery system can increase the
efficiency of a vehicle.

Where,
is the density of the material.
Usually the key for material selection of a
flywheel is the highest possible tensile strength
over density. The maximum stress a bike can
handle is the tensile strength, so
max>

r2
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For a bike flywheel, the size and speed are
not likely to even approach a higher enough
value to create a stress above the tensile strength
of a material, so this consideration is not so
important. The tensile strength of standard steel
is 250 MPa.Since the bike radius will be less than
one, and the angular velocity will be less than
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The issue with a high radial speed is the friction
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IV.
CONCLUSION
Flywheel technology is on the rise across many
kinds of technology and rightly so. It is a
pollution free method of storing energy that has
many current and potential applications. In the
case of road vehicles there is much to be desired
in terms of energy efficiency, especially when
considering pollution per unit of energy. Any
system of brake regeneration can help that, but
flywheels have the potential to increase the
efficiency of road vehicles without direct or
indirect negative effects on the environment. The
batteries used in hybrids do not last the cars
lifetime and can have costly environmental
effects. A flywheel has environmental impact
only at its time of production, and has the
potential to heavily outweigh those costs through
its use. Bikes do not have the pollution problems
cars and other modes of transportation have, but
they can serve as a good analogy for how a
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Abstract— The Prototypical application of
Hadoop is using Apriori algorithm. However,
Apriori is efficient to generate and mine
association rules form larger database or
repository. Apriori algorithm generates
interesting frequent or infrequent candidate
itemsets with respect to support and confidence
count. Apriori algorithm requires to produce
vast number of candidate sets and to generate
these, it needs several scans over database.
While it requires more memory space and scans
for candidate generation process we will
improve Pruning strategy as it will reduce the
scans required to generate frequent item sets
and accordingly and a valence or weightage to
strong association rule. And hence Apriori will
get more effective and efficient. Previously
various improved versions of apriori algorithm
were used. This paper actually presents an idea
of improved version of Apriori algorithm along
with Association Rules and their performance
comparison with Apriori algorithm..
Index Terms— Apriori algorithm, frequent
itemsets, data mining, hadoop, candidate
itemset, support and confidence.
I. INTRODUCTION
THE Apriori algorithm is a seminal algorithm
proposed by R. Agarwal and R. Shrikant. Many
researches were done in order to make mining
frequently used itemsets scalable and efficient.

Basically the name of apriori based on the
algorithm uses prior knowledge to find frequent
itemset. Any subset of a large itemset must be large
is its motto. Two major subsets of apriori algorithm
are join and prune. The itemsets are being
compared with a fixed minimum support and they
are less than the minimum support are being
deleted from Lk(set of k-itemset) and
Ck,(Candidate k-itemset) a superset is formed.
Apriori algorithm due to too many scans over
database and generation of huge number of
candidate set suffers many deficiencies. To
overcome these deficiencies we use techniques like
mapping, reducing in hadoop, transaction
reduction, improved version of apriori algorithm is
proposed.
Association Rule Mining (ARM) is technique used
for data mining. ARM extracts interesting
correlation, frequent patterns, association or casual
structures among set of database or other
repositories. Support and Confidence are two pillar
criteria used by association rule. ARM needs to
satisfy both a user specified min support and
confidence at the same time.
II. PROBLEM STATEMENT
Compare different itemsets in Apriori algorithm
and find how much efficiency they improve.
Efficiency depends upon various factors like
minimum support value accuracy, number of
records.
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III. UNITS
• BIG DATA(HADOOP)
As data sets continue to grow, the potential of a
failure impacting a customer grows with it. As
more business groups, applications, and jobs
leverage the same infrastructure, a failure can have
a dramatic impact on overall system performance.
This concern falls in line with ESG research, which
shows that reliability is top of mind for businesses
considering a business intelligence, analytics, and
big data solution. When it comes to Hadoop,
customers want a highly available solution that has
no single point of failure and can sustain multiple
failures while self-healing where able to.
Traditional Hadoop distributions cannot reliably
support
these
demands,
especially
comprehensively across the entire Hadoop
ecosystem.
With a no single point of failure architecture,
Map Reduce can reliably and comprehensively
minimize data loss during minor or major cluster
failures, including support for projects ranging
from Impala, Hive, and Oozie, to Storm, MySQL,
and Kafka. When selecting a Hadoop platform to
store, manage, and analyze big data, it is crucial to
select a platform that can meet the scalability, high
availability, reliability, and performance needs of a
dynamic organization. Though numerous vendors
and solutions can meet most of those requirements,
almost all of them rely on add-on, customized point
solutions, minimizing deployment flexibility and
adding additional management tasks for an already
busy IT administrator ground up, bringing together
the innovative Map Reduce architecture with the
comprehensive projects in the Hadoop ecosystem
to deliver enterprise-grade features and functions
on low-cost commodity hardware. The distributed
Map Reduce architecture offers high levels of
availability and reliability with no single points of
failure, helping to drastically reduce the mean time
to data loss .
• MAP REDUCE
The computation takes a set of input key/value
pairs, and produces a set of output key/value pairs.
The user of the MapReduce library expresses the
computation as two functions: Map and Reduce.
Map, written by the user, takes an input pair and
produces a set of intermediate key/value pairs. The

MapReduce library groups together all
intermediate values associated with the same
intermediate key I and passes them to the Reduce
function.The Reduce function, also written by the
user, accepts an intermediate key I and a set of
values for that key. It merges together these values
to form a possibly smaller set of values. Typically
just zero or one output value is produced per
Reduce invocation. The intermediate values are
supplied to the user’s reduce function via an
iterator. This allows us to handle lists of values that
are too large to fit in memory.
• ASSOCIATION RULES
The associative rule mining concept inherits the
Map Reduce scalability to huge datasets and to
thousands of processing nodes. For finding
frequent item sets, it uses hybrid approach between
miners that uses counting methods. Association
rule mining finds interesting associations and
correlation relationships among large set of data
items. Association rules show attribute value
conditions that occur frequently together in a given
dataset. A typical and widely-used example of
association rule mining is Market Basket Analysis.
Association rules provide information in the form
of "if-then" statements. These rules are computed
from the data and, unlike the if-then rules of logic,
association rules are probabilistic in nature. In
addition to the antecedent (the "if" part) and the
consequent (the "then" part), an association rule
has two numbers that express the degree of
uncertainty about the rule. In association analysis
the antecedent and consequent are sets of items
(called itemsets) that are disjoint. The first term is
called the support for the rule. The Support is the
number of transactions that include all items in the
antecedent and consequent parts of the rule. The
support is also expressed as a percentage of the
total number of records in the database. The other
term is known as the confidence of the rule.
Confidence is the ratio of the number of
transactions that include all items in the
consequent as well as the antecedent (namely, the
support) to the number of transactions that include
all items in the antecedent.
For example, if a supermarket database has
100,000 point-of-sale transactions, out of which
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2,000 include both items A and B and 800 of these
include item C. The association rule "If A and B
are purchased then C is purchased on the same trip"
has a support of 800 transactions (alternatively
0.8% = 800/100,000) and a confidence of 40%
(=800/2,000). One way to think of support is that it
is the probability that a randomly selected
transaction from the database will contain all items
in the antecedent and the consequent, whereas the
confidence is the conditional probability that a
randomly selected transaction will include all the
items in the consequent given that the transaction
includes all the items in the antecedent.
Association rule mining has a wide range of
applicability such market basket analysis, medical
diagnosis/ research, website navigation analysis,
homeland security, education, financial and
business domain and so on. Association rule
mining is easy to use and implement and can
improve the profit of companies. The
computational cost of association rule mining
represents a disadvantage and future work will
focus on reducing it.
• Steps for Association:
Association Rule Mining is to find out
association rules that satisfy the predefined
minimum support and confidence from a given
database. Association rules are typically generated
in stepwise process.
1. Minimum support is used to generate the set of
all frequent itemsets for the data set.
Frequent itemsets are itemsets which satisfy
the minimum support constraint.
2. Then each frequent itemsets is used to
generate all possible rules from it and all rules
which do not satisfy the minimum confidence
constraint are removed.
3. Analyzing this process, it is easy to see that in
the worst case we will generate 2n - n - 1 frequent
itemsets with more than two items from a database
with n distinct items.
4. Each frequent itemset in the worst case
generate at least two rules, we will end up with a
set of rules in the order of O(2n).

5. Increasing minimum support is used to keep
the number of association rules found at a
manageable size. However, this also removes
potentially interesting rules with less support.
Therefore, the need to deal with large sets of
association rules is unavoidable when applying
association rule mining in a real setting.
IV. HELPFUL HINTS
A. Figures and Tables
• APRIORI ALGORITHM
Apriori algorithm is very famous algorithm used
for finding the frequent items from the itemset. For
finding the frequent itemset Apriori uses prior
knowledge. It uses a property ‘Any subset of a
large itemset must be large’ [2]. Data Processing is
the very important area of research in the industry.
There are many effective algorithms which are
used for it. Apriori algorithm is used for the large
amount of data. As the data set increases the apriori
algorithm gives the more accurate results.
Apriori algorithm in carried out in two main
steps: Join and Prune. In join the large itemsets sets
are found and in prune these itemsets are compared
with support values which is fixed and the less
itemsets than that of minimum support are deleted.
And then set candidate itemsets are formed.
For the generation of candidate set Apriori have
to scan the database for too many times. To
overcome this problem we are using map-reduce
technique.
• Generation steps
Input items to the map reduce.
Map reduce will provide the large itemset
required for the apriori.
Apriori algorithm will compare each itemset
with the support value.
If the value is greater than support then only it
will be taken by the apriori and this process is
performed till the last itemset.
The itemsets with value less than support value
then it will be deleted.
Then the apriori will return the frequent itemset
from the given input.
• Graph
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X.count

V. CONCLUSION

B. Abbreviations and Acronyms
ARM means Association Rule Mining is the
technique used for data mining.
Lk is the set of k-itemset and Ck, is the Candidate
k-itemset.
sup stands for support and conf stands for
confidence.
C. Equations
• Support
Support gives total number of transaction of any
particular item are occurring in datasets. The rule
holds with support sup in T (the transaction data
set) if sup% of transactions contain X Y.
sup = Pr(X Y).
• Confidence Graph
Confidence gives strength of a data in a dataset.
The rule holds in T with confidence conf if conf%
of transactions that contain X also contain Y.
conf = Pr(Y | X)
An association rule is a pattern that states when
X occurs, Y occurs with certain probability.
• Support Count:
The support count of an itemset X, denoted by
X.count, in a data set T is the number of
transactions in T that contain X. Assume T has n
transactions. Then,
support = (X  Y) . count
n

This Paper helps to understand the enormous
variation of Apriori algorithm. Apriori algorithm is
beneficial for finding the subsets of frequent
itemset. Still Apriori has drawbacks of more time,
space for candidate generation process .Apriori
algorithm has a wide range of application like
market and risk management, market basket
analysis, inventory control, Telecommunication
network, etc. Hence we conclude that the Apriori
algorithm using map-reduce is the most efficient
way to get the frequent data set from the large data
set.
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Components. This by-product cause serious
overheating problems in system and leads to
system failure, so the generated heat within the
system must be rejected to its surrounding to
maintain the system at recommended
temperature for its efficient working. The design
of efficient cooling strategies is essential for
reliable performance of high power density
electronics. A number of failure mechanisms in
electronic devices, such as inter-metallic growth,
metal migration, and void formation, are related
to thermal effects. In fact, the rate of such failures
nearly doubles with every 10°C increase above
the operating temperature (~80°C) of high power
electronics. The thermal design of the system is
influenced by the key drivers like chip size,
power dissipation, junction temperature and
ambient air temperature.

Abstract: High power density electronic
equipments during operation generate heat
causing temperature rise of the system and if
these heat is not dissipated may cause serious
overhaeating problem leading to system
failure. The design of efficient cooling
strategies is essential for reliable performance
of high power density electronics. The present
paper reviews the literature dealing with
various aspects of cooling methods. Among
heat transfer augmentation techniques,
passive cooling technique found more suitable
for electronic cooling than active technique.
In this paper, natural convection heat transfer
analysis through rectangular fins is reviewed.
The paper focus on the various experimental
studies has been made to investigate effect of
fin height, fin spacing, fin length and fin
thickness over convective heat transfer.

It has been found that for every 2 ºC temperature
rise, the reliability of a silicon chip will be
decreased by about 10 %. The major cause of an
electronic chip failure is due to temperature rise
(55%) as against other factors which accounts 20
% vibration, 19 % humidity and 6 % dust
Fig.(1.1). So it’s a great challenge for the
packaging engineers to remove the heat from the
electronics chips very effectively.

Keywords: Rectangular fins, convective heat
transfer, heat sink
I. INTRODUCTION
Electornic systems during their operation
generate heat. If this generated heat is not
dissipated rapidly to its surrounding atmosphere,
this may cause rise in temperature of the system
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Dust
6%

materials (PCM). Heat pipes can efficiently
transfer heat from heat sources in high power
density converter components to a heat sink
based on phase change of a working fluid [1, 2].
Air-cooling also is recognized as an important
technique in the thermal design of electronic
packages, because besides its availability, it is
safe, does not contaminate the air and does not
add vibrations, noise and humidity to the system
in which it is used [3]. Such features of natural
convection stimulated considerable research on
the development of optimized finned heat sinks
and enclosures [4, 5, 6]. Using fins is one of the
most inexpensive and common ways to dissipate
unwanted heat and it has been successfully used
for many engineering applications.

Humidit
y
19%

Vibratio
n
20%

Temper
ature
55%

1.1 Major cause of electronic failure

Fins come in various shapes; such as
rectangular, circular, pin fin rectangular, pin fin
triangular, etc., see Fig. 1.2, depending on the
application. Rectangular fins are the most
popular fin type because of their low production
costs and high thermal effectiveness.

Throughout the past 50 years, cooling and
thermal management have played a key role in
accommodating increases in power while
maintaining component temperatures at
satisfactory levels to satisfy performance and
reliability objectives. Thermal management will
play a pivotal role in the coming decade for all
types of electronics products. Increased heat
fluxes at all levels of packaging from chip to
system to facility pose a major cooling challenge.
To meet the challenge, significant cooling
technology enhancements will be needed.

Fig 1.2- Fin Types, a) Rectangular b) Radial c)
Pin Fins

II. COOLING TECHNIQUE
In general thermal management is categorized
into active cooling techniques and passive
cooling techniques. Mechanically assisted
cooling sub systems provide active cooling.
Active cooling technique offer high cooling
capacity. They allow temperature control that
can cool below ambient temperatures. In most
cases active cooling techniques eliminate the use
of cooling fans or they require less cooling.
Air/liquid jet impingement, forced liquid
convection, spray cooling thermoelectric coolers
and refrigeration systems are the examples of
active cooling techniques.

Heat sinks are the most common thermal
management hardware used in electronics. They
improve the thermal control of electronic
components, assemblies, and modules by
enhancing their surface area through the use of
fins. Applications utilizing fin heat sinks for
cooling of electronics have increased
significantly during the last few decades due to
an increase in heat flux densities and product
miniaturization. Todays advanced electronic
circuits disperse substantially heavier loads of
heat than ever before. At the same time, the
premium
associated
with
miniaturized
applications has never been greater, and space
allocated for cooling purposes is on the decline.
These factors have forced design engineers to
seek more efficient heat sink technologies. Aircooling also is accepted as an important

Passive cooling methods are widely preferred for
electronic and power electronic devices since
they provide low-price, noiseless, and trouble
free solutions. Some passive cooling techniques
include: heat pipes, natural convection air
cooling, and thermal storage using phase change
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transfer rate at given fin length and base-toambient temperature difference for vertical base
fin array. They commented that the larger fin
height results in higher convective heat transfer
from fin array but for low base-to-ambient
temperature difference it was insignificant.

technique in the thermal design of electronic
packages, because besides its availability, it is
safe, does not contaminate the air and does not
add Vibrations, noise and humidity to the system
in which it is used. Using fins is one of the most
inexpensive and common ways to dissipate
unwanted heat and it has been successfully used
for many engineering applications. Rectangular
fins are the most popular fin type because of their
low production costs and high thermal
effectiveness.

Yongping Chen et al. [9] developed and analyzed
numerically a three-dimensional model of heat
transfer and fluid flow in noncircular
microchannel heat sinks. It is found that Nusselt
number has a much higher value at the inlet
region, but quickly approaches the constant fully
developed value. The temperature both in solid
and fluid increases along the flow direction. In
addition, the comparison of thermal efficiencies
is conducted among triangular, rectangular and
trapezoidal microchannels. The result indicates
that the triangular microchannel has the highest
thermal efficiency.

Fig 1.3 Radial heat sink with circular base and
rectangular fins

Abdullatif Ben-Nakhi and Ali J. Chamkha[10]
focused on the numerical study of steady,
laminar, conjugate natural convection in a square
enclosure with an inclined thin fin of arbitrary
length. The inclined fin is attached to the left
vertical thin side of the enclosure while the other
three sides are considered to have finite and
equal thicknesses of arbitrary thermal
conductivities. The left wall of the enclosure to
which the fin is attached is assumed heated while
the external sides of the other three surfaces of
the enclosure are cooled. The inclined thin fin is
perfectly conductive and is positioned in the
middle heated surface of the enclosure. Three
different finlengths equal to 20, 35 and 50
percent of the heated surface are considered. The
problem is formulated in terms of the vorticitystream function procedure. A numerical solution
based on the finite-volume method is obtained.
Representative results illustrating the effects of
the thin fin inclination angle and length and the
thermal conductivity of the thick surfaces on the
streamlines and temperature contours within the
enclosure are reported. In addition, results for the
local and average Nusselt numbers are presented
and discussed for various parametric conditions.

III. REVIEW OF PREVIOUS WORK
F. Harahap, H. Lesmana [7] studied heat
dissipation
from
miniaturized
vertical
rectangular fin arrays. Experiment was
conducted under steady state heat dissipation and
dominant natural convection condition for 3mm
and 11mm fin spacing. They concluded that
effect of the parameter W/L on heat dissipation
rate is relatively less for the vertically base array.
Also, higher heat dissipation rate was observed
for non-square base, same base area and
orientation with fins parallel to short side of the
base plate than fin parallel to longer side
(W/L≤1) of the base.
H. Yuncu [8] performed experiments over thirty
different fin configurations with 250 and 340
mm fin length. Optimum fin spacing of
aluminum rectangular fins on vertical base was
examined. The range of base-to-ambient
temperature was kept quiet wide from 30 to
150K for fin height and fin spacing from 5 to
25mm and 4.5 to 85.5 mm, respectively. It was
found that optimum fin spacing varies for each
fin height which is between 6.1 and 11.9mm.
They developed Eq.1 to evaluate the optimum fin
spacing value and corresponding maximum heat

Reng-Tsung Huang et. al. [11] experimentally
carried out the natural convection heat transfer
from square pin fin heat sinks subject to the
influence of orientation. A flat plate and seven
square pin fin heat sinks with various
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S.C. Haldar [15] studied numerically the
laminar free convection about a single pin fin
attached to a horizontal base plate has been
reported in this article. Fluid at the far field
moves horizontally towards the fin and then rises
almost vertically along the fin and finally leaves
through the top. With the increase in fin diameter
heat transfer increases while the heat flux at fin
base decreases establishing the advantage of
large number of small diameter fins over fewer
fins of bigger diameter.

arrangements are tested under a controlled
environment. Test results indicate that the
downward facing orientation yields the lowest
heat transfer coefficient. However, the heat
transfer coefficients for upward and sideward
facing orientations are of comparable magnitude.
Hussam Jouhara [12] investigated the
comprehensive description of the thermal
conditions within a heat sink with rectangular
fins under conditions of cooling by laminar
forced convection. The analysis, in which
increasing
complexity
is
progressively
introduced, uses both classical heat transfer
theory and a computational approach to model
the increase in air temperature through the
channels formed by adjacent fins and the results
agree well with published experimental data.

S.A. Nada [16] investigated experimentally the
heat transfer and fluid flow characteristics in
horizontal and vertical narrow closed enclosures
having a heated finned base plate. The effects of
fin length and fin spacing have been studied for
both orientations at a wide range of Rayleigh
number. It has been found that insertion of fins
with any fin array geometries increases the rate
of heat transfer. Quantitative comparisons of
heat transfer rate and surface effectiveness for
both enclosure orientations have been reported.
Optimization of fin-array geometries for
maximum Nusselt number and finned surface
effectiveness has been conducted. It was found
that: For a high range of Ra, increasing Ra
increases Nusselt number and decreases fin
effectiveness.For a small range of Ra and at large
S/H, increasing Ra increases both of Nusselt
number and finned surface
effectiveness.
Nusselt number and finned surface effectiveness
increases with decreasing S/H until S/H reaches
a certain value beyond which the Nusselt number
and finned surface effectiveness start to decrease
with further decreasing of S/H. The maximum
value of Nusselt number and finned surface
effectiveness occurs at S/H = 1 for both
enclosure orientations. The Nusselt number and
finned surface effectiveness increased with
increasing fin length. Useful design guidelines
and correlations were developed for both
enclosure orientations. The predictions of these
correlations were compared with the present and
previous experimental data and good agreement
was found.

Sanjeev D. Suryawanshi et. al. [13] investigated
normal and inverted notched fin arrays (INFAs)
experimentally and
numerically using
Commercial CFD software and reported that the
values of ha are 50–55% higher for INFAs giving
better performance. For smaller spacing,
increment in ha is small due to the flow
constriction effect. The value of ha increases
with spacing giving an optimum value at about
S=6 mm. This is in agreement in other
investigators. Single chimney flow pattern is
retained in INFAs also with a wider chimney
zone, which is the possible reason for heat
transfer enhancement. When single chimney
flow pattern is present, in midchannel stagnant
bottom portion becomes ineffective. The
modified array is designed in inverted notched
form and that has proved to be successful
retaining single chimney together with the
removal of ineffective fin flat portion. CFD
solutions obtained are in good agreement with
experimental work.
Seung-HwanYu et.al. [14] experimentally and
numerical investigated the natural convection in
a radial heat sink, composed of a horizontal
circular base and rectangular fins. The general
flow pattern is that of a chimney; i.e., cooler air
entering from outside is heated as it passes
between the fins, and then rises from the inner
region of the heat sink. Parametric studies are
performed to compare the effects of three
geometric parameters.

IV. CONCLUSION
The high heat flux cooling of electronic
equipments and devices with various methods is
reviewed. Particularly heat sinks which are used
for natural convection and forced convection as
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passive device is studied. Fins is one of the most
inexpensive and common ways to dissipate
unwanted heat hence its study is very important
for improved design and also improving the heat
dissipation rate performance of the plate by using
different fin geometry and fin array also by other
parameters such as fin height, fin spacing. The
challenges of cooling electronic equipments may
be expected to continue through the remaining of
this decade. As the size of semiconductor is
reducing day by day and power dissipation is
increasing rapidly, so a breakthrough is needed
in advanced cooling to reduce cost without
sacrificing effectiveness of cooling.
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ABSTRACT: In the present work, structure
designed and constructed for only gravity
loads is considered for evaluation and
retrofitting work. Finite element software
ETABS is used to determine the seismic
demand of each element. Retrofitting to
increase the capacity of elements is suggested
for the elements having ratio of Demand to
Capacity more than 1. Pushover analysis is
used to determine the performance of the
structure before and after retrofitting. In the
present work, deficient columns are
retrofitted and re-analyzed to check
performance of the structure in non-linear
analysis. Performance of this retrofitted
structure is then compared with the existing
reinforcement structure and it is found that
structure after retrofit have more base shear
capacity and displacement capacity, storey
drift of the retrofitted structure has decreased
thereby ensuring a maximum safety of the
structure even to the zone3 level of seismic
intensity. From the present study it is brought
out that structural elements designed only for
gravity loads have less vulnerability to
collapse in zone 2 level of seismic intensity,
and for zone 3 level of seismic intensity itself
structural elements fails to perform both
serviceability limit state as well as ultimatestrength limit state.

1. INTRODUCTION
In the conventional limit state design approach,
the designer normally takes into account the selfweight of the structure (dead load), imposed
loads (live load), and depending on the location
of the building, seismic, and climate related
loads (wind and snow loads) are considered.
While the vast proportion of the existing
buildings experience only the types of loads
mentioned above during their lifetimes, but
building has to be designed to resist seismic load
or lateral load which is assumed to occur once its
life-time. In these conventional design method
only two levels of design is considered, that is,
ultimate-strength limit state and serviceoperational limit state for a building. But
performance based design can be viewed as
multi level design approach which has definite
concern on performance of a building at
intermediate limit states related to such issues as
occupancy and life-safety standards. Hence we
need to adopt a convenient analysis tool to
analyze and design for performance-based
approach. A structural analysis tool gives a
number of analysis methods. For performance
based analysis of structures a hierarchy of

KEY WORDS: Evaluation, Performance
evaluation, Pushover analysis, RC joints,
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 Pradip Sarkar, Rajesh Agarwal, and
Devdas Menon (2007) [17], revised the
relevant features of shear design of joints
under seismic loads given in international
codes of practice (ACI, NZS, EN)
highlighting requirements of the various
parameters. According to this paper shear
transfer mechanism categorized into 2
mechanism viz. diagonal strut mechanism
and truss mechanism. Assessment of shear
strength, design and detailing of shear
reinforcement has been covered. It is seen
NZS is very conservative recommendation
followed by Euro code and ACI give many
practical recommendations. Whereas IS
13920:1993 is silent on many issues related
to the design of RC beam column joints
under seismic loading. Hence it is necessary
to upgrade IS 13920 keeping with
international trends.
 G.Appa Rao, M.Mahajan, M.Gangaram,
and Rolf Eligehausen (2008) [19], dealt
with the method of strengthening nonseismically designed RC beam-column joints
to seismic loading. Typical reinforcement
details of joints in pre-seismic design have
been explained. Review of strengthening
method and features, advantages and test
results of FRP in rehabilitation of RC
structures have been discussed. Hence in this
paper merits and demerits of the
strengthening of joints have been
highlighted.
 S. R. Uma, and Sudhir K. Jain. (2006) [21],
presented
critical
review
of
recommendations of well established codes
regarding design and detailing aspects of
beam column joints. The codes of practice
considered are ACI 318M-02, NZS 3101:
Part 1:1995 and the Euro code 8 of EN 19981:2003. All three codes aim to satisfy the
bond and shear requirements within the joint.
It is observed that ACI 318M-02 requires
smaller column depth as compared to the
other two codes based on the anchorage

structural analysis may be made. In which higher
level procedure gives more accurate method of
the actual performance of building subjected to
earthquake loads, but interpretation of the results
requires greater efforts and time consuming.
However in this work, existing
reinforcement of the building is compared with
linear static analysis result obtained as per the
IS1893:2002(PART-1), structural elements
which ever found deficient will be identified in
this process and retrofitting methods are
suggested. The performance of the building is
checked using Non-Linear static procedure.
Pushover analysis is a simplified, static, non
linear procedure where a predefined pattern of
earthquake loads is applied incrementally to the
structure until a collapse mechanism is reached.
The use of inelastic analysis procedure is an
attempt to understand how structures will behave
when subjected to earthquake load; it is assumed
that the elastic capacity of the structure will be
exceeded.
2. LITREATURE REVIEW
A detailed review has been carried out on the past
research work on the behavior of joints both on
experimental and analytical sides to focus on
recent and past efforts related on seismic
evaluation. A few research work done on the
above mentioned area’s are summarized below.
 Umesh Dhargalkar. (2002) [16], mainly
dealt with the seismic assessment for the
seismic retrofitting of the structures
constructed with or without the seismic
effect. The standard and comprehensive
assessment involves data collection,
compilation of data and assessing possible
guidelines. Based on the data collected
possible schemes of retrofitting can be
checked by modelling an exact replica of the
building. The best fit method is selected
based on cost and convenience of
implementation.
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controlled. In force control, the structure is
subjected to lateral forces and the displacements
are calculated. In displacement control, the
structure is subjected to a displacement profile
and the lateral forces are calculated.

conditions. Significant factors influencing
the design of beam-column joints are
identified and the effect of their variations on
design parameters is compared. The variation
in the requirements of shear reinforcement is
substantial among the three codes.
 Sudhir K. Jain, and T. Srikant (2002) [22],
discussed Pushover analysis for deficient
buildings, new buildings or to make existing
building perform well in future earthquake.
In this work a four storey building with flat
slab designed for wind load but not for
seismic load is considered for the study. 2D
frame of this building is modelled and
Pushover analysis is performed in SNAP2DX. Jacketing of column, providing
additional beams and providing both
columns jacketing and additional beams are
the various retrofit schemes adopted. This
scheme is studied at 4 different cases, i.e., at
first storey only, first two storey, first three
storey and all the four storeys. They found
significant increase of strength and drift
capacity when both jacketing of column and
addition of beam.
3. PUSHOVER ANALYSIS

FIGURE.1. IDEALIZED PUSHOVER
CURVE
4. PROBLEM STATEMENT
In the present work structural components of the
building (Figure.2) are previously designed and
constructed without considering the seismic
effect. Structure is analyzed using ETABS by
considering linear static analysis in x and y
direction and Non linear static analysis along x
direction only. ETABS design for seismic effect
is compared with existing reinforcement and

The Pushover analysis of a structure is a static
non-linear analysis under permanent vertical
loads and monotonically increasing lateral loads.
The equivalent static loads approximately
represent earthquake induced forces. A plot of
total base shear versus top displacement in a
structure is obtained by this analysis (Figure1)
that would indicate any premature failure or
weakness. The analysis is carried out up to
failure, thus it enables determination of collapse
load and ductility capacity. On a building frame,
load/displacement is applied incrementally. The
formation of plastic hinges, stiffness degradation
and plastic rotation is monitored, and lateral
inelastic force versus displacement response for
the complete structure is analytically computed.
This type of analysis enables weakness in the
structure to be identified. There are different
methods followed for pushover analysis.
Basically it has been classified into two ways
they are Force controlled and displacement

discussed. Capacity of each component with
existing reinforcement in this building is
compared with demand posed by the analysis
results with consideration of lateral force for
both Zone 2 and Zone 3 earthquake regions. This
comparison is represented in the form of
Demand and capacity ratios (DCR). Any
structural elements found deficient in this DCR
check will be retrofitted. For columns concrete
jacketing and for beams Fiber Reinforced
Polymer (FRP) wrapping is suggested. These
analytical models (Zone2 and Zone3 ETABS
designed models, existing reinforcement in
Zone2 and Zone3 analysis, column retrofitted
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models in Zone2 and Zone3) are subjected to

εse=

PUSHOVER analysis, results obtained from this

For the calculated stress, strain is obtained using

analysis are (Base shear versus Displacement

stress-strain curve given in SP16.

curve, Sa versus Sd curve, Performance point and
Hinge

formation

at

performance

.

STEP2: Based on the ideology, Compression

point)

(C) and Tension (T) are equal at Xu. Then C and

discussed.

T are calculated by;
C
f

0.45f

0.36

=

b

f

;T= f

A

X

Asc

;

Where
b = breadth of the beam,
f = flexural strength of concrete.
STEP3: After determining C & T moment of
resistance is determined by
A

d

d′

d

0.36f bX

Mur=
f

0.45f

0.42X

.

STEP4: This Moment of resistance Mur must be
greater than Flexural demand M.
After determining the flexural capacity of the
beam elements, it is compared with the demand
obtained by ETABS linear static analysis with
Zone2 and Zone3 seismic intensity and
following results are obtained. And typical
graphical representation is shown in Figure 3, 4
& 5.
1. 39 elements in left end of the beam, 82
elements in mid-span of the beam, 34
elements in right end of the beam have
DCR value 1to2 in seismic Zone2.
Where as in seismic zone 3 it is found
that 83 elements in left end, 88 elements
in mid-span, 89 elements in right end
are deficient.
2. 12 elements in left end of the beam, 14
elements in mid-span of the beam, 6
elements in right end of the beam have
DCR value 2to3 in seismic Zone2.

FIGURE.2 PLAN OF THE BUILDING
CONSIDERED IN CASE STUDY5.
5. RESULTS AND DISCUSSION
I. EVALUATION OF BEAMS.
The capacity (flexural or shear) of the beam is
obtained from the following derivation.
1. Moment of resistance of the beam (Mur):
For a given cross section of the beam and for the
existing reinforcement, Moment of resistance is
calculated by finding Neutral axis (Xu) and
determining stress and strain at the level of Xu.
This is derived as follows.
STEP1: Stress at the level of neutral axis (Xu) is
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FLEXURAL DEMAND AND

Moment kN‐m

Where as in seismic zone 3 it is found
that 27 elements in left end, 16 elements
in mid-span, 17 elements in right end
are deficient.
3. 2 elements in left end of the beam, 1
element in mid-span of the beam, 3
elements in right end of the beam have
DCR value 3to4 in seismic Zone2.
Where as in seismic zone 3 it is found
that 7 elements in left end, 10 elements
in right end are deficient.
4. 4 elements in left end of the beam, 4
elements in mid-span of the beam have
DCR value above 4 in seismic Zone2.
Where as in seismic zone 3 it is found
that 5 elements in left end, 5 elements
in mid-span, 5 elements in right end are
deficient.

CAPACITY OF BEAM AT MID-SPAN

120

Moment kN‐m

20

FIGURE.5 COMPARISON OF
FLEXURAL DEMAND AND
CAPACITY OF BEAM AT RIGHT END
From the above results it is observed that number
of beam elements having DCR value greater than
1 are more in case of seismic zone3 and the
structure is more vulnerable to seismic intensity
zone3 itself.

20
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2. Shear Capacity calculation (Vu): Shear
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strength concrete (Vuc) and Shear is strength of

FIGURE.3. COMPARISON OF
FLEXURAL DEMAND AND
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steel (Vus) is calculated and summation of this is
compared with the Shear demand (Vu). The
calculation of the shear demand is given by;
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STEP1: For the existing Ast, Shear strength in

(kN‐m)
Mid
span

40

60

205 207 209 211 213 215

40

60

80

0

FLEXURE DCR AT LEFT
MOR
END
(kN‐
100
60

(kN‐
m)
End‐
Span

100

120

80

DCR OF FLEXURE AT
RIGHT END MOR

concrete τc is found by utilizing IS456:2000
Table19. Where τc< τmax.
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STEP2: Shear resistance of concrete Vuc= τcbd
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STEP4: Ultimate Shear resistance is given by

combination (i.e. DL+LL) hence we get only

Vu=Vus+Vuc,

one shear demand and following results are

where Vu>Shear demand (V)

obtained in terms of Demand Capacity Ratio
DCR.

STEP5: According to IS13920:1993, Shear

400

ends of the beam plus the factored gravity load

300

SHEAR (kN)

force due to formation of plastic hinges at both
on the span.
For sway to right:
,

1.4

Vu,

a

=

VaD+L-

V
(kN)
CAPA
CITY

200
100
0

,

28 34 38 39 40 42 43 47 49 50 62

And
,

VbD+L+1.4

Vu,

b

Beam No

=

FIGURE.7.COMPARISON OF SHEAR
DEMAND AND CAPACITY OF
BEAM AT ENDS

,

Where
M

BEAM SHEAR DEMAND
CAPACITY CHART

,

1. 183 beam elements in the structure
&M

,

are sagging and hogging

have DCR value 1 to 2.

moments of resistance of the beam section at

2. 6 beam elements have DCR value 2

ends A and B.

to 3.
3. 5 beam elements have DCR value 7

VaD+L and VbD+L are the shears at ends A and B

to 8 and

due to vertical loads with 1.2 partial safety factor

4. 5 beam elements have DCR value

on loads.

greater than 9.
II. EVALUATION OF COLUMN
In evaluation of the column the Factored
axial load and moments (uni-axial or bi-axial)
are compared with the ultimate moment carrying
capacity of the column with the existing
reinforcement and DCR is calculated. Similarly
shear demand also calculated but compared with
the capacity as given in IS13920:1993.given by

FIGURE.6. CALCULATION OF DESIGN

1.

SHEAR FORCE FOR BEAM

MOMENT

CAPACITY

OF

COLUMN SECTION:

In determination of Shear demand of the
beam we have taken only the gravity load
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STEP1: For the given column section, existing

STEP1: Area of reinforcement (As) of that face

reinforcement Pt, known d`/D ration, pt/fck is

is calculated, for which τc is calculated from

determined.

IS456:2000 Table 19.

STEP2: By referring the interaction curve given

STEP2: Since the shear reinforcement is known,

in the SP16 for the actual [Pu / fckbD], pt/fck,

Design shear strength is determined by;

determine [Mu / fckbD2] and calculate Mu, then

Vus=

.

compare it with the moment from the analysis.
STEP3: Total shear strength (Vu) of the section

STEP3: Determine the DCR of bending

is calculated by summing up the concrete shear

moment, member is safe if DCR<1.

strength (Vc) and shear strength of the stirrups

After determining the DCR of flexure following

(Vus), which is termed as shear capacity of the

results are obtained.

column.

1. 29 column elements have DCR value 1-

STEP4: From the IS13920 the design shear

2, 3 column elements have DCR value 2

force for column shall be the maximum of;

to 3, 3 column elements have DCR value
greater than 3 in zone2 seismic intensity.

a) Calculated factored shear force from the

And

analysis, and

2. In zone 3 seismic intensity 46 column

b) A factored shear force given by Vu= 1.4

elements have DCR value 1 to 2, 8

,

elements have DCR 2 to 3, 3 elements

,

have DCR 3 to 4 and 3 elements have
DCR above 4.
In the case study structure 61 column elements
were present out of which 60 columns have very
less capacity in Zone 3 seismic intensity.
2. SHEAR CAPACITY OF THE COLUMN:
Calculation of shear capacity in column requires
an assumption that one face of the steel
reinforcement is completely in tension. Method
of calculation of the shear capacity is explained

FIGURE.8. CALCULATION OF
DESIGN SHEAR FORCE FOR
COLUMN

with Figure.8.
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Where,
M

M

,

Are

,

moment

simplification it is divided into Major and Minor
axis. Number of Columns which do not holds
good with Strong Column Weak Beam
philosophy are tabulated in Table.1

of

resistance, of opposite sign, of beams framing
into the column from opposite faces and hst is the
After a detailed evaluation of column it is found

TABLE.1. NUMBER OF COLUMNS WITH
STRONG BEAM AND WEAK COLUMN
AXI STO STO STOR STO STO

that all columns have higher shear strength

S

storey height.

capacity.
350

SHEAR kN

300

50
0

2

REY

REY

4

5

48

38

34

39

20

11

9

12

AXI
S

TO
TA
L
DE
M
A…

100

1

EY3

OR

250
150

REY

MAJ 37

COLUMN SHEAR DEMAND
CAPACITY

200

REY

MIN 25
OR
AXI
S

1 5 9 131721252934394448525761
COLUMN NO

Since too many columns in both major
and minor axis are weak compared to its adjacent
beams, retrofitting has to be adopted in all the
storey level and performance is rechecked.
Beam-Column joints of the case study 1 building
are checked, and it is found that all joints are
safe.

FIGURE.9.COMPARISON OF
COLUMN SHEAR DEMAND AND
CAPACITY
III. STRONG COLUMN WEAK BEAM
The current approach to the design of
earthquake resistant RC rigid (i.e., moment
resistant) frame is to have most of the significant
inelastic action or plastic hinging occur in the
beams rather than in columns. This is referred to
as the “STRONG COLUMN-WEAK BEAM”
concept and is intended to help ensure the
stability of the frame while undergoing large
lateral displacement under earthquake excitation.
IS15988:2013 gives following equation to
determine the strong column-weak beam

IV. RETROFITTING OF COLUMN
Evaluated columns after comparison
with demand it is found that all columns
are against the philosophy of “Strong
Column Weak Beam”. Hence depending
upon the DCR ration columns are
categorized and retrofitted. A simplified
analysis for the flexural strength of a
retrofitted column can be done by the

M

1.1

M

traditional method of interaction curves
(SP

Since interior column consists of beams running
in two perpendicular direction, for the

16:

1980,

“Design

Aids

for

Reinforced Concrete to IS 456: 1978,
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0
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FIGURE.11.STOREY DRIFT Y IN ZONE3

ZONE 3 DRIFT X
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3
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0
0

2
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FIGURE.12.STOREY DRIFT X IN
ZONE3

4

ZONE 3 DRIFT Y

200X3

300X4

80

80

1273

STOREY HEIGHT m

20

3

0.015

3

ZONE 3
WITHO
UT
RETRO
FIT…

15
10
5

V. STOREY DRIFT

0

TABLE.3. PERCENTAGE DECREASE IN
STOREY DRIFTS OF THE RETROFITTED
BUILDING
ZONES
DRIFT X
DRIFT Y
ZONE 2

45%

40%

ZONE 3

45%

42%

0

5
0
0

0.002

0.004

0.006

0.006

The actual storey drift of the case study
building is displayed in Figure 10, 11, 12 and 13.
In these figure’s displacement of building in X
and Y direction, with existing reinforcement and
retrofitted members are compared and the
percentage of decreased drift in the retrofitted
model are shown in the Table.3. From the results
of the storey drift we can conclude that, after
retrofitting the building storey drift is reduced by
45% in X direction in both Zone2 and Zone3
seismic region and a 40% reduction in storey
drift in Y direction in both Zone2 and Zone3

ZO
NE
2
WI
T…

10

0.004
DRIFT

FIGURE.13.STOREY DRIFT Y IN
ZONE 3

20
15

0.002

0.008

FIGURE.10.STOREY DRIFT X IN ZONE 2
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same structure designed for Zone2 and
Zone3 level of earthquake. Hence, the
structure with existing reinforcement is
more vulnerable compared to those
designed for earthquake loads.
ii.
Structure designed for Zone 2 has lesser
base shear capacity compared to the
structure designed for Zone3. Hence it
can be concluded that structures designed
for higher zones of earthquake have
better seismic capacity.
iii.
The pushover curve for retrofitted
building shows very high base shear
capacity and displacement capacity
compared to all other structure. Hence
this structure is less vulnerable compared
to all other building.
iv.
Retrofitting of the existing deficient
buildings as detailed in the present study
can be an efficient way of improving the
seismic performance of vulnerable
buildings.
II. COMPARISON
OF

seismic region. Hence the building is safe after
retrofitting under serviceability limit state.
6. RESULTS AND DISCUSSION OF
PUSHOVER ANALYSIS
The result obtained from the Pushover
analysis that is Base shear versus Displacement,
Spectral
acceleration
versus
Spectral
Displacement and Hinge formation at
performance point are discussed.
I. COMPARISON OF PUSHOVER
CURVES
The case study building is designed in
ETABS for ZONE 2 and ZONE 3 seismic
loading. The same building is analyzed with the
existing reinforcement without altering the
member dimensions. During the evaluation part
of the case study1 structure, it is observed that
the columns are deficient in load carrying
capacity. Hence retrofit is carried out to all
columns. This retrofitted column is provided as
such in ETABS and analyzed. Pushover analysis
is carried out to all the above cases and 4
different PUHOVER curves are obtained and
displayed in Figure.14.

BASE SHEAR (kN)

10000
8000

PUSHOVER CURVE
COMPARISON

PERFORMANCE POINT
TABLE.4. COMPARISION OF HINGES AT
PERFORMANCE POINT
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FIGURE.14. PUSHOVER CURVE
COMPARISON
From the comparison of the PUSHOVER curves
following conclusions are drawn
i.

Structure with existing reinforcement has
lesser base shear capacity and
displacement capacity compared to the
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The representation of the two curves in
one graph is termed as the Acceleration versus
Displacement Response Spectrum (ADRS)
format as in Figure 15, 16, 17 and 18. The
performance point is the point where the capacity
spectrum crosses the demand spectrum. If the
performance point exists and the damage state at
this point is acceptable, then the building is
considered to be adequate for the design
earthquake. In the present case study, 4 different
capacity spectrums are generated for the same
structure (i.e., those designed for Zone2 and
Zone3, existing reinforcement, retrofitted
structural elements). Hence the capacity spectra
of all the 4 models are represented and
compared. The status of hinges formed at the
performance point is depicted in Table.4. With

FIGURE.15.CAPACITY SPECTRA FOR

CAPACITY SPECTRA for ZONE 3

0.1

FIGURE.18.CAPACITY SPECTRA FOR
STRUCTURE WITH ZONE2 DESIGN

0.2

0.2

0.05

DISPLACEMENT

DEMAND
0

0.15

FIGURE.17.CAPACITY SPECTRA FOR
STRUCTURE WITH EXIXTING
REINFORCEMENT

0.15

0

0.1

DISPLACEMENT

0.4

0.2

0.05

0.2

FIGURE.16.CAPACITY SPECTRA FOR
STRUCTURE WITH ZONE3 DESIGN
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the performance point in all the 4 cases, we can
conclude that in those designed for Zone2 and
Zone3 cases, number of hinges in vulnerable
damage states formed at performance point are
more compared to the other two cases. In
structure with existing reinforcement at
performance point itself hinges have reached
Collapse prevention level, where in other 3 cases
no hinges are in collapse prevention level. Very
few hinges are formed at immediate occupancy
to life safety level in case of structure with Zone3
design and existing reinforcement cases, where
no hinges formed in structure with Zone2 design
and retrofitted case. In retrofitted structure very
less hinges are formed and more hinges are there
in elastic region itself. This concludes that
retrofitted structure has very few elements that
are vulnerable.














7. CONCLUDING REMARKS
The data obtained in the form of results
of analysis for structural elements
(Beams and Column) by ETABS is huge.
This has to be sorted out systematically
so that evaluation of members becomes
easier.
Results of analysis for gravity and
earthquake loading obtained in the
ETABS are considered as Demand posed
on the structure. This demand is
compared with the capacity of the
elements
During the linear static analysis of the
structure, it is observed that seismic
demand of the structural elements
increase with the change in the seismic
zone and soil type. But the capacity
remains unchanged. Hence this demand
and capacity of the elements is compared.
DCR of beam and column in flexure and
shear in zone 2 exceeding 1 is less than
that in seismic zone 3. This states that
elements are more vulnerable to seismic
zone3. Hence such column elements are









identified and retrofitted using concrete
jacketing.
Before retrofitting almost all columns
were failed in ETABS design check. But
after retrofitting, all the column elements
became safe to the ETABS design check.
The pushover analysis is a relatively
simple way to explore the non linear
behavior of the buildings. The results
obtained in terms of demand, capacity
gave an insight into real behavior of the
structure.
Pushover analysis of casestudy1 building
is carried out in 4 different cases. By the
comparison of the pushover curve at all
incidences we can say that existing
structure, which was originally designed
for gravity loads only, is more vulnerable
to the lateral loads. Hence retrofit is
recommended.
Retrofitted structure is then analyzed
using Pushover analysis. It is observed
that with the increase in the column
section and reinforcement, the base shear
capacity and displacement capacity is
increased tremendously.
Pushover analysis also gives status of
hinge formation at different level of
displacement/base
shear.
After
comparison of the hinge formation at the
level of performance point in existing
structure, it is found that more hinges
have crossed elastic limit than the
retrofitted structure. Also some hinges
have been observed at collapse level in
existing reinforcement structure.
Comparison of Storey drift of the existing
and retrofitted structure shows that
structure after retrofit have about 50%
less storey drift.
Hence with all these information it can be
concluded that structure after retrofitting
the columns only, have shown increased
performance for both linear static and
non linear static analysis.
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Performance based evaluation of
structures gives true picture of element
level and global level states of buildings.
Pushover analysis can be effectively used
in assessing the seismic performance
evaluation of buildings.
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Abstract
2) Whether actual budget and planned budget are
implemented.
3) Establish cost constraint for project.
We consider the problems associated with
resource utilization, accounting, monitoring and
control during a project. Interpretation of project
accounts is generally not straightforward until a
project is completed, and then it is too late to
influence project management. There are various
problems associated with resource utilization,
accounting, monitoring and control during a
project. Even after completion of a project, the
accounting results may be confusing. Hence,
managers need to know how to interpret
accounting information for the purpose of project
management. A project typically goes through
multiple phases till it gets final. Cost estimates,
schedule and an execution plan are developed at
each phase. Cash flow projection is also prepared
to support funding decision at each stage. The
time at which major cost savings can be achieved
is during planning and design for the project.
During the actual construction, changes are
likely to delay the project and lead to inordinate
cost increases. As a result, the focus of project
control is on fulfilling the original design plans
or indicating deviations from these plans, rather
than on searching for significant improvements
and cost savings. The detailed cost estimate
provides a baseline for the assessment of
financial performance during the project. Project
budget is used as a guide for management. As a
result, cost overruns or savings on particular
items can be identified as due to changes in unit
prices, labor productivity or in the amount of
material consumer. Good managers should focus

Financial planning is base for survival of any
construction industry. It is essential as it
identified as the common cause of business
failure, and can lead to the failure of profitable
and growing firms as well as those declining. As
such, there is a need for adequate timing of fund
availability in construction and deployment of
excess fund to more productive use. Accurate
cash flow projections are important to both an
owner and a contractor. A corporation’s business
plan generally includes multi-year cash flow and
expenditure forecasts and continuous budget
monitoring should be done. Inaccurate cash flow
projection of a large project can lead to take
wrong decision which may not be in favor of
company. Budget helps to aid the planning of
actual operations by forcing managers to
consider how the conditions might change and
what steps should be taken now and by
encouraging managers to consider problems
before they arise.
Keywords financial planning, cost control
Introduction
As many of large scale project gets delay due to
funds which is indirectly related to continuous
budget monitoring. The project cash flow
projection is derived from an execution plan and
estimated expenditure. Many projects treat
estimated expenditures as cash flow projections.
A planned project cash flow is the baseline for
comparison with the actual project expenditure.
The purpose of budgeting is to
1) To provide forecast detail report on
expenditure and revenues.
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into labor, material, equipment, subcontract, and
indirect expenses
1. Budget Monitoring Process

upon future revenues, future costs and technical
problem

In budget monitoring process we need to monitor
each and every phase of project. There are
various cost parameters and cost weight age
which should be considered.
2. Evaluate the budget Process of residential
building
when evaluating budget process all phases of
budget are very important. Project initiation and
development phase is very important activity for
any budget monitoring. Other activity like
estimation, construction and maintenance phases
are also important in budget monitoring. Project
Influence is highest or cost is negligible.
3. Analyze the budget process
Analyzing of budget process is very important.
This stage is carried out continuous by while
analyzing of budget we focus on procedure
which is carried on site. Various techniques must
be used for analyzing budget.

Fig 1.Graph Proportion Completion versus
Expenditure for an Activity
Construction projects normally involve
numerous activities which are closely related to
the use of similar materials, equipment, workers
or site characteristics Without this updating,
project schedules slip more and more as time
progresses. To perform this type of updating,
project managers need access to original
estimates and estimating assumptions. In the
traditional sense, the purpose of preparing
budget is to understand and control costs. This
concept of budget has therefore transformed into
using budget proposal as an instrument for
individual, public and private policy. It is useful
to all parties involved in a project as a planning
and control tool. Budget could be employed by
the client to get priorities among projects
competing for limited resources. Many start-up
companies fail because of insufficient cash flow.
Cash flow is where the project cost meets the
schedule. Cash flow projections developed from
credible project execution plans become the
basis of project controls. Combining the cash
flow and earned value technique, a project can
track the real status of progress and detect any
early cost deviation. Cash flow means the
amount of cash being received and spent during
a defined period of time.

4. Develop Budget monitoring process
There are number of soft ware’s available in
market to work out cash flow and budgeting of
any construction project
1)
Primavera
2)
Hit-office
3)
Microsoft Project
4)
Implementing using softwares.
Steps involved in Budgeting Process
1 linking of activity
2. Assigning Resources.
Such as material, labor, equipment. To monitor
detail cost required for material used,
equipments are hired or not rent bases. Which
type of equipments is used.No. of labor used,
wages being paid for them.

Budget Monitoring Methodology:
A budget structure in construction projects is
constituted of cost accounts such as bills,
sections, items, and resources. Generally, a
budget structure in construction projects includes
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November
December
January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May

Cost

After linking activity we assign resources.
3. Make a comparative study of actual with the
Resource can be labor, material, and
plan
equipments. In resource sheet all standard rates
Using MSP we can Track the Gantt this
are considered.
gives comparison of actual duration and
Comparison of actual and planned duration
planned duration of project.
of projects.
4. Develop s curve using MSP tool
Comparison of actual and planned duration of
S cuve is the s shaped graph produced by the projects is done with help of tracking. Tracking
sigmoid formula which calculates the cumulative means recording project details such as who did
expenditure of certain parameters (man-hours, what work, when the work was done, at what
cost) against time and it is the representation of cost. These details are often called as actual.
Tracking is required to know the status of project,
project path.
is too essential to track the project and to record
5. Applying the monitor tool to other project
the schedule of progress of work being
There are various tools which we use in project. performed. The total project cost isRs
we find cash flow which is very important to 726964820.02 we have got cash flow. The total
monitor budget. Cash flow means the amount of cost of the project has been divided into two types
cash being received and spent during a defined namely, direct cost and indirect cost. Direct
period of time.
project costs are those expenditures, which are
In this Project Budget monitoring and various directly chargeable to and can be identified
constraints are focused which are important. specifically with the activities of the project.
These include labor cost, equipment cost,
Name of Site: Shriniwas Rainbow Developers
transportation cost etc.cash outflow is not that
Location: Bavdhan Pune.
more in the beigning later is goes on increasing
Type of Project: Residential Building
and finally becomes very less.In initial stages of
Slab area: 429392sqm
project the cash flow is not that much it
Salable built up: 317185sqm
constantly gets increased and later gets
The quantities required for man power study are decreased.We also calculate resource cost
summary.As we know 70 to 80 percent cost
calculated from the drawings
should
be
of
material.
Estimation of quantity.
Cash Flow Report
Sr
Item Of Work Amount
No.
1
Civil Cost
389305080.3
1E+09
800000000
600000000
5
400000000
200000000
0
2
Development
52283464.78
Cost
3
Podium Cost 59794169.09
4
Landscaping 8700000.00
&
2010
2011
2012
Hardscaping
& Lighting
Cost Cumulative Cost
5
29800000.00
Overheads
6
Other
Expenses
40131788.67
Total
580014502.89
Scurve
The start up phase includes planning and
moblisation phase in which we need to take care
about resource allocation.At start it picks up
rapidly and towards end it decelerates again as
mulitiple loose end.S curve is a vitual
representation of progress path.S curve is the s
shaped graph produced by the sigmoid formula
which calculates the cumulative expenditure of
certain parameter

Rate analysis
It is calculated with help of amount of quantity
and rates for them.
Linking in MSP
Linking is done for all activity. Critical path is
determined so that we understand longest route.
After preparing the schedule in MSP software
the total project duration is estimated as 480
working days.
Resource sheet
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800000000
600000000
400000000
200000000
0

Sr.

February

October

June

February

Percent

Internal plastering

86%

No.

actual
month

Parameter

1.

planned

of 12th floor
2.

Limitation Of study
The limited objective of budget monitoring is to
control deserves emphasis. Budget control
procedures are primarily intended to identify
deviations from the project plan rather than to
suggest possible areas for cost savings.
Conclusion
The total Budget cost estimates for project
consists of actual cost of project increased by 153
million which was planned as 580 million and the
actual cost of project is 73 million within period
of 2012-2013. The Following parameters are
responsible for increasing amount within one
year.
Delay

No

52%

painting(left side)

Fig 2. S Curve Analysis for Planned and Actual

Sr.

External

3

External

15%

painting(front
side)
4.

External

47%

painting(right
side)
5.

Aluminum

65%

window grills
6.

Internal painting

9%

10th floor

Duration(mon Reason

7.

Building finishes

55%

th)

8.

Garbage chute

1%

9.

Landscape

60%

10.

Sanitary fitting

75%

.
Environm
ent
clearances

6

2

Permissio
n

3

3

Building
Finishes

8

1

Due to no
environme
nt
clearances
all work
got stop.
The
permissio
n was not
sanctioned
by town
planning
departmen
t up to
G+12
In proper
planning
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 S curve analysis.
The main highlights are in month of November
,March and January due to which project got
delayed.S curve is plotted in which we clearly
get idea in month of November Rs119620313
was needed as it was initial stage of project so
cost got increase. In month of March usage was
Rs 35911873.19 at this time podium
construction was there which requires huge
investment and there was material shortage so
money usage was more. In month of January
investment was Rs703765331.9 the activities
like external painting and external plastering
was being there. Due to in sufficient labor the
cost got increase. From s curve it states that
there is smooth flow of cash throughout the
period with deviation in project.
 Excavation cost has provided with high rate
by 15 to 20 Rs per cum rate as there was no
space nearby to dump the material. The lead
was not in region of 1km so they had to pay
more for it.
 Cash inflow is calculated which came Rs.
2297018147.
 The profit margin was reduced by Rs.
153,022,021.
Future Scope:
The MSP software is the first source in
conducting this study. This software will be
used to develop a budget monitoring for the
building construction project.
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ABSTRACT
Oxidative stress is one of the leading causes of
Cataract. Fruits of M.citrifolia are rich in
antioxidants and many bioactive compounds.
This food supplement with lot of
nutraceuticals support good health. To
investigate the role of “Divine NONI” in
protection against oxidative stress, chick lens
epithelial cells were induced with hydrogen
peroxide (100µM H2O2) over a time course of
several hours, with and without pre‐treatment
of “Divine NONI” and Noni fruit extract
(Hexane). The Pi in the chick lens epithelial
cells was estimated by performing NaK
ATPase assay. The results obtained in the
present investigation suggest that Noni
extract and juice can preserve the viability and
physiological functions of chick lens epithelial
cells during oxidative stress.
Key words: Oxidative stress, Lens epithelial
cells,
Cataract
formation,
Inorganic
Phosphorus (Pi), Apoptosis and “Divine NONI”
INTRODUCTION
Cataracts are the main cause of human
blindness worldwide, responsible for 48% of

the total cases of blindness [1]. Understanding
the pathophysiology of cataract formation is
important not only to advance the state of
medical knowledge but also for public health
purposes [2‐4]. Apoptosis of lens epithelial cells
by various factors can cause cataract
formation. Cataract represents a large financial
burden on health‐care systems, and there
remains a need to develop effective
therapeutic agents for the prevention or
treatment of cataract [5‐13].
Scientists found that people at high risk of
developing advanced stages of cataract
formation, a leading cause of vision loss,
lowered their risk by about 25 percent when
treated with a high‐dose combination of
vitamin C, vitamin E, beta‐carotene, and zinc. In
the same high risk group ‐‐ which includes
people with intermediate cataract formation in
one eye but not the other eye ‐‐ the nutrients
reduced the risk of vision loss caused by
advanced cataract formation by about 19
percent [14‐21]. Noni is rich with vitamin A,
beta carotenoids, vitamin E, vitamin C, vitamin
E, vitamin B complex, with all trace minerals
like Ca, Mg, K, Zn, Molybdenum etc, all
flavonoids, and besides that Noni contain more
than 150 phytonutrients. Those all ingredients
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being present in one fruit; has made the Noni,
a most powerful antioxidant [22‐27].
MATERIALS AND METHODS
Lens Organ Culture: The lenses used in this
investigation were isolated from chicks brought
from slaughter houses. The eyes were removed
and the lenses were carefully dissected by a
posterior approach. Lens Epithelial Cells (LECs)
were separated from each of the dissected
lenses by incubating in 1× Trypsin‐EDTA
solution for 1‐2 Minutes at 37°C. 0.5×106 cells
were cultured in a well of a 6‐well culture plate
containing 1.5 ml minimal essential medium
(MEM199, M‐3769; Sigma) containing 10% FBS
for 6 days.. Transparent lenses were selected
for experimentation. All chick lens experiments
(n=6) were performed in the MEM 199
containing 26 mM NaHCO3 as buffer. The MEM
199 was prepared with ion‐exchange
double‐distilled water, sterilized by filtration
through 0.22‐μm filter with a pH adjusted to
7.4. 50μM and 100μM H2O2 (Sigma)
concentrations were used in this investigation.
“Divine NONI” was made to final concentration
of 50 mM and diluted to appropriate
concentration in culture medium as required.
Everyday 1 ml of the medium was replaced.
ATPase Assay.
After that Cells were induced with H2O2 along
with Noni Extract (Hexane) and Divine Noni.
And the ATP Assay was performed by
standardized protocol of NaKATPAse.
Assay of inorganic Phosphorous Sodium
Potassium dependent adenosine triphosphate
(Na+ K+ ATPase) (ATP Phosphohydrolase)
Procedure:
1ml of tris Hcl buffer and 0.2ml of each of
magnesium sulphate, sodium chloride,
potassium chloride, EDTA, ATP, were added to
test tube containing 0.2ml of homogenate. The
mixture was incubated at 360C for 15 mins. The
reaction was arrested by addition of 1ml of
10% TCA, mixed well and centrifuged. The
phosphorus content of the supernatant was
estimated [28‐30].
Phosphorus content of the supernatant
was estimated by Modified Metol method:

Principle: Ammonium Molybdate under acidic
condition react with Phosphorus to form
Phosphomolybdate complex which is reduced
to blue coloured complex by metol, the
absorbance of the colour developed is
proportional to the inorganic phosphorus
concentration.
Method:
DIRECTIONS FOR USE ON ANALYSERS:
Reaction Type
:
End point with std.
Reaction Slope :
Increasing
Wave Length
:
680 nm (red filter)

Incubation Temp
:
Room Temperature
Incubation Time :
5 min.
Standard
:
5 mg%
Linearity
:
15 mg%
Unit
:
mg%
PROCEDURE:
Pipette into clean dry test tubes labele
d Blank (B), Standard
(S), and Test (T).

Mixed well and incubated at room temperature
for five minutes. After five minutes of
incubation the absorbance of Standard(s) and
Test (T) measured against Blank (B) either on a
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Spectrophotometer at 680 nm, within 30

minutes. And the %mg of Pi was
calculated using the following formula.
Fig: 1. Chick lens treated with Divine Noni and

Noni extract
Fig: 2

Fig: 3
DISCUSSION
The present study reports that “Divine NONI”
and Noni extract was effective in protecting
Chick lens epithelial cells from oxidative stress.
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Abstract— piston made of Al Alloy, acts as
heart of the I.C. engine and is a crucial part of
internal combustion engines. When the
combustion of fuel takes place inside engine
cylinder; high temperature and pressure are
developed due to combustion of the fuel.
Because of high speed and at high loads, the
piston is subjected to high thermal and
structural stresses. If these stresses exceed
the designed values, failure of piston may take
place. The stresses due to combustion are
considered to avoid the failure of the piston.
Intensity of thermal and structural stresses
should be reduced to have safe allowable
limits. In the present work the piston model is
developed using SOLID WORKS software. The
analysis part was carried out using ANSYS
Workbench software. The stress analysis of
these piston made of Aluminium alloy was
performed. Appropriate average thermal
boundary conditions such as heat transfer
coefficient and heat fluxes were set on
different surfaces of the FE model. Two
different types of loads namely Thermal load
and Static load were imposed on the piston.
Ten nodded tetrahedral elements (solid‐87)

are used to discretize the solid piston model.
A surface contact element (surf‐152) was also
used for applying the heat transfer boundary
conditions. The analysis is based on the
experimental values obtained a VCR Kirloskar
diesel engine at compression ratio of 16.5.
Index Terms— piston, Heat transfer
coefficient, heat flux, Structural and thermal
analysis.
1 INTRODUCTION
Engine pistons are one of the most complex
components among all automotive and other
industry field components. The engine can be
called the heart of a vehicle and the piston may
be considered the most important part of an
engine. There are lots of research works
proposing, new geometries, materials and
manufacturing techniques, and this with the
piston
has
undergone
a
continuous
improvement over the last decades.
Notwithstanding all these studies, there are a
huge number of damaged pistons. Damage
mechanisms have different origins and are
mainly wear, temperature, and fatigue related.
The fatigue related piston damages play a
dominant role mainly due to thermal and
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mechanical fatigue, either at room or at high
temperature.
The main requirement of piston design is to
measure the prediction of temperature
distribution on the surface of piston which
enables us to optimize the thermal aspects for
design of piston at lower cost. Most of the
pistons are made of an aluminium alloy which
has thermal expansion coefficient, 80% higher
than the cylinder bore material made of cast
iron. This leads to some differences between
running and the design clearances. Therefore,
analysis of the piston thermal behaviour is
extremely crucial in designing more efficient
engines. Good sealing of the piston with the
cylinder is the basic criteria in design of the
piston. Also to improve the mechanical
efficiency and reduce the inertia force in high
speed machines the weight of the piston also
plays a major role. To allow for thermal
expansion, the diameter of the piston must be
smaller than that of the cylinder. The necessary
clearance is calculated by estimating the
temperature difference between piston and
cylinder and considering the coefficient of
thermal expansion of piston.
1.1. MATERIAL PROPERTIESAluminum alloys
are widely used in engineering structures and
components where light weight or corrosion
resistance is required.
Table1.1Cast Aluminum Alloy
Physical Properties
Metric
Density
2800 kg/m3
Mechanical
Metric
Properties
Tensile strength,
900 MPa
Ultimate
Tensile Strength,
600 MPa
Yield
CTE, linear
16.5µm/m‐°C
Specific
Heat
0.461kJ/kg‐°C
Capacity
Thermal
228 W/m‐K
Conductivity
Melting Point
1370‐1430°C

2. LITERATURE REVIEW:
The design and analysis of engine
components has become more complex. One
of these components is the engine piston.
The piston of a diesel engine is usually
subjected to periodically changing thermal
and mechanical loads. Piston simulation and
strength analysis has been an important area
of research which has attracted great
research interests .
3. GEOMETRY
The image below shows the geometry of the
piston. The piston created by solid works is
further imported to ansys software for further
analysis. The following three types of boundary
conditions are applied. Heat transfer
co‐efficient on the top and bottom surface,
heat flux on lateral surfaces and pressure
Forces.
3.1 Finite Element Model: The element
selected for meshing the piston model’s
solid187 tetrahedral element. The meshing size
Elements are 63,447 and no. Of nodes are 1,
15,057.

(a) 2 D model
(b) 3-D Model
Fig 3.1: Kirloskar piston
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4.1.2 Engine specifications:‐
Features
Make
Type
No of cylinders
Combustion
Principle
Max speed
Crank Radius
Connecting
Rod
length
Cylinder diameter
Compression ratio
Stroke length

Specifications
Kirloskar oil Engine
Four stroke, Water
cooled Diesel
One
Compression ignition
1500
55mm
300mm
80mm
variable
110mm

4.1.3: The following reading were taken from
experimentation:‐
Fig :3. 2 meshing Element

Features

4. Experimental Analysis and Calculations
4.1: Computerized VCR diesel
specifications and Description:

engine

4.1.1 Description:‐ The setup consists of single
cylinder,
four
stroke,
VCR
(Variable
Compression Ratio) Diesel engine connected to
eddy current type dynamometer for loading.
Setup is provided with necessary instruments
for combustion pressure and crank‐angle
measurements. These signals are interfaced to
computer through engine indicator for Pθ & PV
diagrams. Provision is also made for interfacing
airflow, fuel flow, temperatures and load
measurement. The setup has stand‐alone panel
box consisting of air box, two fuel tanks for
duel fuel test, manometer, fuel measuring unit,
transmitters for air and fuel flow
measurements, process indicator and engine
indicator. Rota meters are provided for cooling
water
and
calorimeter
water
flow
measurement.

Specifications

Load

21.27 N‐M

Speed

1470 rpm

Fuel rate

2.06 kg/hr

Air rate

16.20 m3/hr

Water Flow

40.80 cc/sec

Cooling Water inlet Temp

26.70 0C

Cooling Water outlet Temp

30.800C
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4.2: Variation of pressure Force with Crank
Angle:‐

Heat flux applied on lateral surface
w/m2

= 780

5. RESULTS
By applying the boundary conditions heat
transfer analysis is carried out.
5.1. Based on thermal analysis:-

4.3: Variation of temperature with Crank
Angle:‐

Fig 5.1.1. Temperature distribution plot:

Fig 5.1.2 Total heat flux plot:

4.4 Calculations:
Based on these inputs following parameters for
thermal analysis is calculated:
Total heat lost through water jacket = 20.59
watts

we observe from the plots maximum
temperature in the piston is 319.86 0C and
minimum temperature in the piston is 295.89 0C.
Maximum heat flux in the piston is 0.35777
w/mm2
5.2 Based on Static Loads:‐
Structural Analysis:.

Average temperature of the piston =412 0C
Heat transfer coefficient on top surface (h) =
174.125 w/m2k
Heat transfer coefficient on bottom surface (hb)
= 8.6193 w/m2k
Fig 5.2.1 Von‐mises stresses plot:
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Fig 5.2.2 Total deformation plot:
For structural analysis ,the piston pressure of
53 bar is applied on the piston and FEM
analysis carried out. we observe from the plots
maximum are 194.51 Mpa and minimum is
0.160 Mpa. von‐mises stresses in the piston
located. Maximum total deformation in piston
is 0.035968 mm.
6. CONCLUSION:
Experimental investigation carried out on
computerized VCR diesel test rig to determine
the variation of pressure with crank angle in
the cylinder at particular compression ratio.
The temperature variation of gases was further
evaluated using the results obtained from the
experimentation.
Using this experimental observations and they
actual dimension of piston, stress analysis was
carried out with the aid of the modern
software like solid works and Ansys.
The stress induced in piston and deformations
were found to be with in allowable limits. The
factor of safety is found to be around 3. Further
investigation is to be carried out at higher
compression ratio.
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Abstract— Crane hook is very significant
component used for lifting the load with the
help of chain or wire ropes. Crane hooks are
highly liable components and are always
subjected to bending stresses which leads to
the failure of crane hook. To minimize the
failure of crane hook, the stress induced in it
must be studied. A crane is subjected to
continuous loading and unloading. This may
causes structural failure of the crane hook. In
the present work, an attempt has been made
by considering four different type’s of cross
sections of crane hooks and are designed
theoretically by using curved beam concept.
CATIA software is used for modeling the crane
hook and ANSYS software used to find out the
stresses. As a conclusion, the results obtained
from ANSYS and theoretical calculations are
compared.
Index Terms—crane hook, static analysis ,
FEA.
1. INTRODUCTION
Crane Hooks are highly liable components that
are typically used for industrial purposes. It is
basically a hoisting fixture designed to engage a
ring or link of a lifting chain or the pin of a
shackle or cable socket and must follow the
health and safety guidelines. Thus, such an

important component in an industry must be
manufactured and designed in a way so as to
deliver maximum performance without failure.
Thus, the aim of the work is to study the stress
distribution pattern of a crane hook using finite
element method and to verify the results using
caustic method.
The lifting of objects generally occurs on
construction sites, in factories and other
industrial situations. Correct lifting can move
large objects efficiently and reduce manual
handling operations. Incorrect lifting however,
can lead to disastrous accidents. Every year,
incorrect lifting procedures cause injuries, loss
of work time and property. People, machinery,
loads, methods and the work environment, are
all important factors for correct lifting. Provided
that enough safety measures are fully
implemented, lifting accidents can be reduced.
The Fig 1.1 as shows the general diagram of
crane hook.

Fig 1.1 Crane Hook
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2. LITERATURE REVIEW
Crane hooks are the components which are
generally used to elevate the heavy load in
industries and constructional
sites. Recently, excavators having a crane‐hook
are widely used in construction works site. M.
Shaban et al [1] studied the stress pattern of
crane hook in its loaded condition, a solid model
of crane hook is prepared with the help of
ABAQUS software. Real time pattern of stress
concentration in 3D model of crane hook is
obtained. The stress distribution pattern is
verified for its correctness on an acrylic model
of crane hook using shadow optical method
(Caustic method) set up. By predicting the stress
concentration area, the shape of the crane is
modified to increase its working life and reduce
the failure rates. E. Narvydas et al [2]
investigated
circumferential
stress
concentration factors with shallow notches of
the lifting hooks of trapezoidal cross‐section
employing finite element analysis (FEA). The
stress concentration factors were widely used in
strength and durability evaluation of structures
and machine elements. The FEA results were
used and fitted with selected generic equation.
This yields formulas for the fast engineering
evaluation of stress concentration factors
without the usage of finite element models. The
design rules of the lifting hooks require using
ductile materials to avoid brittle failure; in this
respect they investigated the strain based
criteria for failure, accounting the stress
triaxiality . SpasojeTrifkovic’ et al [3] analyzes
the stress state in the hook using approximate
and exact methods. They calculated stresses in
various parts of the hook material firstly by
assuming hook as a straight beam and then
assuming it as a curved beam. Analytical
methods were used with the help of computers,
using FEM. Bhupender Singh et al [4] presented
the solid modeling and finite element analysis of
crane boom has been done using PRO/E
WILDFIRE 2.0 and ALTAIR HYPER MESH with
OPTISTRUCT 8.0 SOLVERY. Torres et al [5]
studied the probable causes which led to a
failure of the crane hook in service. The study of
accident includes: details of the standards

governing the manufacturing and use of lifting
hooks, experimental analysis, mechanical
behavior of steel of reported hook and
simulation of the thermal history of the hook.
From the literature survey it is understood by
this author that there is a lot of scope for
studying the stress analysis with different cross
sections. Taking into this consideration, the
author has embarked on studying the stress
analysis of crane hook with four different cross
sections such as rectangle, trapezoidal, triangle
and circular cross sections.
3 DESIGN OF CRANE HOOK
Machine frames having curved portions are
frequently subjected to bending or axial loads or
to a combination of bending and axial loads.
With the reduction in the radius of curved
portion, the stress due to curvature become
greater and the results of the equations of
straight beams when used becomes less
satisfactory. For relatively small radii of
curvature, the actual stresses may be several
times greater than the value obtained for
straight beams. It has been found from the
results of Photo elastic experiments that in case
of curved beams, the neutral surface does not
coincide with centroidal axis but instead shifted
towards the Centre of curvature. It has also
been found that the stresses in the fibers of a
curved beam are not proportional to the
distances of the fibers from the neutral surfaces,
as is assumed for a straight beam.
The design of crane hook was done by assuming
the data pertaining to load(w), C.S.A and
curvatures which are used in industrial
applications of crane hook as shown in Figs 3.1
to 3.4
3.1 Theoretical Design of Crane Hook with
Rectangular C.S.A
W = 20 KN = 20 × 103N; Ri= 50 mm; Ro= 150 mm;
h = 100 mm; b = 60 mm
ri = Distance of inner fibre from centre of
curvature, C
ro = Distance of outer fibre from centre of
curvature
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rc = Distance of centroidal axis (CG axis) from
centre of curvature
rn = Distance of neutral axis from centre of
curvature
The neutral axis is shifted towards the centre of
curvature by a distance called eccentricity
‘e’. The value ‘e’ should be computed very
accurately since a small variation in the value of
‘e’
causes a large variation in the values of
stress.
e = rc – rn
ci = Distance between neutral axis and inner
fibre = rn – ri
co = Distance between outer fibre and neutral
axis = ro – rn
Resultant stress at the inside fibre,
σ +σ = 3.33+30.66 = 33.99MPa (tensile)
∴ Resultant stress at the outside fibre,
σ
σ
=
(compressive)

3.33‐14.66

=

‐11.33MPa

Fig 3.2Design of Crane Hook with Trapezoidal
C.S.A
∴ Resultant stress at the inside fibre
σ = 3.33+25.169 = 28.499 MPa (tensile)
Resultant stress at the outside fibre
σ
σ
=
3.33‐16.63
=
‐13.3MPa
(compressive)
3.3 Theoretical Design of Crane Hook with
Triangular C.S.A
W = 20 kN = 20 × 103N; Ri= 50 mm ;Ro= 150 mm
; h = 100 mm ; bi =90 mm;

Fig 3.1 Design of Crane Hook with rectangular
C.S.A

3.2 Theoretical Design of Crane Hook with
Trapezoidal C.S.A
W = 20 KN = 20 × 103N; Ri= 50 mm ; Ro= 150 mm
; h = 100 mm ; bi=90 mm; bo=30 mm

Fig 3.3 Design of Crane Hook with Triangular
C.S.A
∴ Resultant stress at the inside fibre
σ + σ = 6.163+32.654 = 38.817MPa (tensile)
∴ Resultant stress at the outside fibre
σ
σ
= 6.163‐29.177 = ‐23.014 MPa
(compressive)
3.4 Theoretical Design of Crane Hook with
circular C.S.A
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W = 20 KN = 20 × 103N;Ri= 60 mm ; Ro= 150 mm;
d=90mm

Fig 3.4 Design of Crane Hook with circular C.S.A

Fig 4.2 CATIA Model of Crane Hook with
Trapezoidal C.S.A

∴ Resultant stress at the inside fibre
σ + σ = 3.143+43.31 = 46.461MPa (tensile)
∴ Resultant stress at the outside fibre
σ
σ
= 3.143‐21.73
(compressive)

=

‐18.587

MPa

4. MODELLING OF CRANE HOOK USING CATIA
CATIA serves the design tasks by providing
different workbenches. A workbench is defined
as a specific environment consisting of a set of
tools, which allows the user to perform specific
design tasks in a particular area. The basic
workbenches in CATIA V5 are Part design
workbench, Wireframe and Surface Design
workbench, Assembly Design workbench, and
Drafting workbench.
.

Fig 4.3 CATIA Model of Crane Hook with
Triangular C.S.A

Fig 4.4 CATIA Model of Crane Hook with
circular C.S.A

Fig 4.1 CATIA Model of Crane Hook with
Rectangular C.S.A
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1
NODAL SOLUTION

5 FINITE ELEMENT ANALYSIS OF CRANE HOOK
USING
ANSYS
The finite element method has become a
powerful tool for the numerical solution of wide
range of engineering problems. Applications
range from deformation and stress analysis of
automotive aircraft, building, and bridge
structures to field analysis of heat flux, seepage
and other flow problems, with advances in
computer technology and CAD systems,
complex problems can be modeled with relative
ease.
In this method of analysis, a complex region
defining a continuum is discretized into simple
geometric shapes called finite elements. The
material properties and the governing
relationships are considered over these
elements and considering the loading and
constraints, results in a set of equations.
Solution of these equations gives us the
approximate behavior of the continuum.
6 RESULTS AND DISCUSSION
In this work, four different types of sections of
crane hook are designed successfully by using
curved beam concept. The induced Stresses are
determined for a load of 20 KN using curved
beam concept.
The solid modal was prepared using CATIA V5
R20 version and exported to ANSYS using IGES
format. The hook is fixed at the top end in x,y
and z directions and are fully constrained. The
inner curvature of hook is subjected 20 KN load
and is applied on nodes. The results of stresses
obtained for a crane hook which is made up of
steel material are plotted in the Figs 6.1 to 6.4.
The results obtained through analytical and
theoretical methods are good in agreement
with minor deviation and shown in Table 6.1.
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Fig 6.1 variation of Stresses for a crane hook
made of steel with Rectangular C.S.A along Y‐
Direction
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Fig 6.2 variation of Stresses for a crane hook
made of steel with Trapezoidal C.S.A along Y‐
Direction
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Fig 6.3 variation of Stresses for a crane hook
made of steel with Triangular C.S.A along Y‐
Direction
1
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
SY
(AVG)
RSYS=0
DMX =.220E-06
SMN =-29.3076
SMX =47.3809

JAN 2 2015
20:01:07

Y
X

MX

Z

MN

-29.3076

-12.2657
-20.7866

4.77618
-3.74476

21.8181
13.2971

38.8599
30.339

47.3809

3rd International Conference on Progress In Production,Mechanical And Automobile Engineering(ICPMAE
2015) ISBN: 978-93-85225-02-4,1st February, 2015, Goa
55

Stress Analysis Of Crane Hook Using FEA

Fig 6.4 variation of Stresses for a crane hook
made of steel with Circular C.S.A along Y‐
Direction

7.CONCLUSION
1. The crane hooks are successfully designed for
four different cross sections such as rectangular,
trapezoidal, triangular and circular by using
curved beam concept.
2. The model was prepared using CATIA
software and analysis has been carried out using
ANSYS.
3. The trapezoidal cross section gives better
results in comparison with other three cross
sections as because stresses induced are less in
trapezoidal cross section.
4. The stresses obtained in theoretical and
analytical methods are in good agreement. The
model prepared is used for further studied with
different loads and also for different materials.
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ABSTRACT

Keywords

The
performance
degradation
with
technology scaling is one of the major issues
in today’s life. Leakage power dissipation in
the IC increases exponentially with
technology continuously scaling down.
MTCMOS Power Gating is a very well
known way to reduce leakage current, but
when circuit transition goes from sleep to
active mode, due to abrupt transitions
introduces Ground Bounce Noise in the
circuit, it disturbs the normal working of any
circuit and tends to wrong output and also
reduces the reliability of circuit.

MTCMOS, Full Subtractor, Leakage Power,
Ground Bounce Noise.
1.INTRODUCTION
The rapid increase in the number of transistors
on chips has enabled a dramatic increase in the
performance of computing systems. However,
the performance improvement has been
accompanied by an increase in power
dissipation; thus, requiring more expensive
packaging and cooling technology. Power
dissipation in CMOS circuits has been the
charging and discharging of load capacitances,
often referred to as the dynamic power
dissipation. Dynamic power is consume when
transistors are switching As the technology
continue to scale down a significance portion of
the total power consumption in high
performance digital circuits is due to
leakage current because of reduced threshold
voltage .MOSFETs are fabricated with high
overall
doping
concentration,
lowered
source/drain junction depths, halo doping, highmobility channel materials, etc. Furthermore,
the reduction of the gate oxide thickness (tox)
causes a drastic increase in the gate
tunnelling leakage current due to carriers
tunnelling through the gate oxide, which is
strong exponential function of the voltage

In this paper a full subtractor using
MTCMOS technique design is proposed to
reduce leakage power and ground bounce
noise. Combinational logic has extensive
applications in quantum computing, low
power VLSI design and optical computing.
Low-power design techniques proposed to
minimize the active leakage power in
nanoscale CMOS very large scale integration
(VLSI) systems and an additional wait mode
and extra header transistor is added in the
circuit to reduce the ground bounce noise.
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The two outputs D and B represent the
magnitude across the gate oxide [1], [6] to
difference and borrow, respectively. The logic
minimize the leakage power in active mode. In
circuit for full subtractor is shown in Figure
1. The waveforms for the full subtractor
current CMOS technologies, the sub threshold
shown in Figure 2 reflect the logic outlined in
leakage current is much larger than the other
truth table.
leakage current components. Even in currentgeneration technology, sub threshold leakage TABLE I. Truth Table of Full Subtractor.
power dissipation is comparable to the dynamic
power dissipation, and the fraction of the
A B C DIFFERENCE BORROW
leakage power will increase significantly in the
near future. Today’s microprocessor designs
0 0 0 0
0
devote a large fraction of the chip area [8] to
0 0 1 1
1
the memory structures. High- performance
0 1 0 1
1
onchip cache memories are a crucial component
0 1 1 0
1
in the memory hierarchy of modern computing
1 0 0 1
0
systems. In this technique each NMOS
1 0 1 0
0
andPMOS transistors in the logic gates is split
1 1 0 0
0
into two transistors. Leakage current flowing
1 1 1 1
1
through the NMOS transistor stack reduces due
to the increase in the source to substrate voltage
The simplified boolean functions for the
outputs can be obtained directly from the truth
in the topNMOS transistor and also due to an
table. The simplified logic equations are:
increase in the drain to source voltage in the
DIFFERENCE=AꞌB ꞌC + AꞌB Cꞌ + AB ꞌCꞌ +
bottom NMOS transistor. This reduces the
AB C
power dissipation in logic circuits. This
BORROW = C(AꞌBꞌ + AB) + AꞌB
technique is implemented to BASIC gates such
Where A, B, C, are the inputs. D is output or
as AND,OR,XOR etc,COMBINATIONAL
circuits such as FULLADDER,SEQUENTIAL difference and B is the borrow. The waveform
of full subtractor is shown in figure.
circuits such as D-Flip-flop and also for
memory cells such as 6TSRAM CELL.
2.IMPLEMENTATION OF EXISTING
DESIGN
2.1 Full Subtractor
A full subtractor is a combinational circuit
that performs a subtraction between two bits
taking into account that a 1 may have been
borrowed by a lower significant stage. This
circuit has three inputs and two outputs. The
three inputs A, B and C denote the minuend,
subtrahend and previous borrow respectively
Figure 2.Waveform of Full Subtractor
3.
PROPOSED
IMPLEMENTATION

DESIGN

3.1 Full subtractor using pass transistor
logic
A sleep transistor is referred to either a PMOS
or NMOS high Vth transistor that connects
permanent power supply to circuit power supply
which is commonly called “virtual power
supply”. The sleep transistor is controlled by a

Figure 1. Gate Level Diagram of a Full
Subtractor
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which is commonly called “virtual power
supply”. The sleep transistor is controlled by a
power management unit to switch on andoff
power supply to the circuit. The PMOS sleep
transistor is used to switch VDD supply and
hence is named “header switch”. The NMOS
sleep transistor controls VSS supply and hence
is called “footer switch”. In sub-90nm designs,
either header or footer switch is only used due
to the constraint of sub-1V power supply
voltage
3.3 Ground bounce noise
During the active mode of the circuit an instant
current pass from sleep transistor, which is
saturation region and causes a sudden rush of
the current. Elsewhere, because of self
inductance of the off- chip bonding wires and
parasitic Inductance on chip power rails, result
voltage function in the circuit depends on input
/ output buffers and internal circuitry. The noise
depends on the voltage.

power management unit to switch on and off
power supply to the circuit. The PMOS sleep
transistor is used to switch VDD supply and
hence is named “header switch”. The NMOS
sleep transistor controls VSS supply and hence
is called “footer switch”. In sub-90nm designs,
either header or footer switch is only used due
to the constraint of sub-1V power supply
voltage.
3.2
Leakage power suppression
Significant amount of subthreshold
leakage currents are produced when a nano
scale integrated circuit is idle. Furthermore,
transistors with no switching activity produce
subthreshold leakage currents even in an
ACTIVE integrated circuit. Leakage power has
been increasing exponentially with the
technology scaling. In 90nm node, leakage
power can be as much as 35% of chip power.
Consequently, leakage power reduction
becomes critical in low-power applications such
as cell phone and handheld terminals. Powergating is the most effective standbyleakage
reduction method recently developed . In the
power gating, sleep transistors are used as
switches to shut off power supplies to parts of a
design in standby mode. Although the concept
of the sleep transistor is simple, design of a
correct and optimal sleep transistor is challenge
because of many effects introduced by the sleep
transistor on design performance, area,
routability, overall power dissipation, and
signal/power integrity. Currently, many of the
effects have not been fully aware by designers.
This could result in improper sleeper transistor
design that would either fail to meet power
reduction target when silicon is back or cause
chip malfunction due to serious power integrity
problems introduced. We have carried out
comprehensive investigations on various effects
of sleep transistor design and implementations
on chip performance, power, area and
reliability. In this paper, we shall describe a
number of critical considerations in the sleep
transistor design and implementation including
header or footer switch selection, sleep
transistor distribution choices and sleep
transistor gate length, width and body bias
optimization for area, leakage and efficiency. A
sleep transistor is referred to either a PMOS or
NMOS high Vth transistor that connects
permanent power supply to circuit power supply

4. LEAKAGE
REDUCTION
MTCMOS TECHNIQUE

USING

The low-power and high performance
design requirements of modern VLSI
technology can be achieved by using
MTCMOS technology. This technique uses
low, normal and high threshold voltage
transistors in designing a CMOS circuit.
Supply and threshold voltages are reduced with
the scaling of CMOS technologies. Lowering
of threshold voltages leads to an exponential
increase in the sub threshold leakage current
[5]. The low-threshold voltage transistors
which have high performance are used to
reduce the propagation delay time in the
critical path. The high-threshold voltage
transistors which have less power consumption
are used to reduce the power consumption in
the shortest path [2], [3]. The multi threshold
CMOS technology has two main parts.
First, “active” and “sleep” operational modes
are associated with MTCMOS technology, for
efficient power management. Second, two
different threshold voltages are used for N
channel and P channel MOSFET in a single
chip [4]. These apply on between the low
threshold voltage (low-Vt) gates from the
power supply and the ground line via cut-off
high threshold voltage (high-Vt) sleep
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5.1 Full
Transistor

transistors is also known as “power gating”.
The schematic of power gating technique
using MTCMOS on full subtractor is shown in
figure 3.

Subtractor

Using

CMOS

5.2 Power and Ground Bounce
Noise Analysis

Figure 3. MTCMOS technique on full
subtractor

5.3 Full Subtractor Using CMOS in
Sleep Mode

Figure 4.
subtractor

waveform of proposed full
5.4 Power and Ground Bounce
Noise Analysis in sleep mode

5. SIMULATION RESULT
A full subtractor subtracts 3input bits and
gives the output in the form of difference and
borrows. The simulation parameters have been
analyzed with the help of the Microwind tool
and DSCH for the schematic verification. By
applying the MTCMOS technique in 60nm
technology reduction in current and power is
shown.
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5.5 Full Subtractor Using CMOS
Trimode

transition noise. The proposed full subtractor is
designed with 120nm technology and operated
with supply voltage.
In this we are concentrated on the
leakage power analysis and ground bounce
noise reduction,but the ground bounce noise is
not removed completely. To remove ground
bounce noise completely we should use triple
phase sleep modulator ,so that the impact of
ground bounce is completely removed ,but there
is always a trade off between area ,speed and
power.
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neutralization process plants in many industries
such as chemical processes, biotechnological
industries, waste water treatment plants, sugar
industries,
food
and
beverages
and
pharmaceuticals. The main problem in pH
process control is highly non-linear dynamic
characteristics of the process. In order to achieve
better performance of pH neutralization process
control, non-linear response of the system must
be taken into consideration.

Abstract- The need to regulate the pH value
within a specific level and limit arises from
environmental legislative and quality
standards. The pH control poses some
interesting challenges in the area of process
control. The inherent nonlinearity of the pH
process often renders conventional control
difficult. This paper demonstrated that fuzzy
controller, whose ability to handle
nonlinearity is well known, suggests better
approach to control the pH. In this paper pH
neutralization model is developed in
MATLAB/Simulink. First, a conventional PI
controller is designed and its performance is
tested for various set points on neutralisation
curve. Its limitation in controlling nonlinear
process like pH is highlighted. Further, a
fuzzy logic controller is designed and its
ability to control nonlinear process is
presented using simulation results. The
results clearly indicate superiority of fuzzy
controller over conventional PI controller in
dealing with nonlinear systems.

The excessive nonlinearity of the pH process
makes control by conventional linear PI
controller difficult. The fuzzy controller uses
three different membership functions for three
linear regions of a standard pH-base titration
curve. These three functions provide three
different control gains and thus the fuzzy
controller works as a varying gain controller
compensating against the nonlinear behavior of
the pH titration process. For simulation purpose,
we have used MATLAB-Simulink based
empirical model of the pH titration curve. This
simulation assumes that the acid flow is constant
and base flow is manipulated in order to control
the pH. While showing the benefits of fuzzy
approach for pH control, this thesis also
highlights limitations of the conventional PID
control.

Keywords- Nonlinear control; pH
neutralization; Fuzzy Logic Control.
I.INTRODUCTION
Studies on pH neutralization control in process
engineering have increased in last few decades.
pH control systems were developed and used
successfully on various applications of pH
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II.OVERVIEW OF PH PROCESS

10 [Η+]

pH pilot plant consists of a reactor tank. The acid
stream (HCL) and the base stream (NaOH) are
introduced into the reactor tank. The pH
transmitter sends pH value to the pH controller.
The pH controller then based on the set point,
manipulates the base flow using a linear control
valve. The acid flow is maintained constant and
not manipulated. The out flow is kept constant
during the process.

For neutralization of strong acid (HCL) with
strong base (NaOH)
ΗΧΛ + ΝαΟΗ Η2Ο + ΝαΧΛ
Η+ + ΟΗ−

Η 2Ο

For,

The set up for the process is as shown below in
the figure

Qa= Flow of acid in CSTR
Qb = Flow of base in
CSTR V = Volume of
fluid inside CSTR

Relationship expressed in difference of ionic
concentration X:

Fig. 1. Overview of pH Neutralization Plant
The steady state values of the acid and base flow
are assumed to be 15 volumetric units. The outlet
flow is maintained at a constant value of 5 units
of flow in order to keep storage volume of this
tank at 100 volumetric units.

X = [OH-] – [H+]
X= [Na+] – [Cl-]
[H+] = (
- 1)
if X> 0
[H+] = - (
[H+] =

Fig. 2. Titration Curve for pH

- 1)

if X< 0
if X= 0

IV.CONTROL
STATEGIES
NEUTRALIZATION PLANT NTLA

III. MATHAMATICAL MODEL FOR PH
NEUTRALIZATION PROCESS

FOR

The pH neutralization process was simulated and
controlled using two approaches as discussed
below using MATLAB Simulink.

Mathematical Equation for pH is
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A. pH Neutralization using PI controller
MATLAB
Simulation representation of the PI controller
for the pH neutralization pilot plant is as shown
below. pH is affected by the variation in base
flow, where acid flow is kept constant.
According to disturbance of flow of base, pH
should give the output as set point.
A
PI
controller
was designed
and implemented for the pH neutralization
model. The acid solution is neutralized by the
base flow entering the reactor tank manipulated
by a linear flow control valve. This control valve
is manipulated by a PI controller, which receives
the pH set point and pH measured value. This
controller has reverse action and it is
implemented through individual blocks of the
Simulink. To avoid saturation of the integral
action, saturation block is added at the output
side. The Simulink model of the closed loop
system is as shown in figure below.

Fig. 5. Simulation graph for pH=4, when PI
setting are kp=0.06 and ki=0.1

Fig. 6. Simulation graph for pH=10, when PI
setting are kp=5 and ki=0.1.
Fig. 3. MATLAB-Simulation representation for
the overall pH control using PI controller, with
pH=4

Fig. 4. Simulation graph for pH=4, when PI
setting are kp=0.8 and ki=0.01

pH

10

6.5

4

With
kp1=5,
Ki1=0.1
With
kp2‐
0.06,
Ki2‐0.1
With
kp3=0.8,
Ki3=0.01

8.74

128977

13

31.1

13

205

15.98

17687.2 14.6

Fig. 7. IEA Result for various values of pH using PI controller
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V.
DISADVANTAGES
OF
PI
CONTROLLER IN PH CONTROL
1) For a nonlinear process like pH, controller
gain needs to follow the changes in process gain
2) Linear structure of PI controller is intended to
workwith linear processes only.
3) PI settings need to be changed as per the
change inprocess gain.
4) pH neutralization process gain varies with
strength ofAcid/Base and needs to be captured in
a model which is not considered in conventional
PI controller.
5) Thus controlling pH requires a model based
nonlinear controller.
6) Above disadvantages are needs to be taken
into the consideration while designing new
controller.

Fig. 8. Membership function for input set

B. pH Neutralization using Fuzzy Controller
A Fuzzy inference system is a process that forms
the mapping for the input and output variables
using a fuzzy logic approach. This process
involves several steps. It usually starts with
identifying and defining the boundary of the
input and output variables involved( i.e.
establishing the relevant Fuzzy Set).This first
procedure is quite crucial as the result of this will
show the pattern of the input and output sets and
provides general ideas about how these variables
are linked. This information makes it is easier to
move on to the next process, which involves
identifying the membership functions for the
input and output sets. The simplest and most
commonly used
membership function is a triangular membership
function, which is used in this thesis. The final
process is to develop a set of it-then rule
statements. Such statements are used toformulate
the conditional statements that comprise the
fuzzy logic approach.

Fig. 9. Membership function for Output set.

Fig. 10. Fuzzy Rule Set
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Fig. 11. The response of the fuzzy logic
controller in terms of the manipulated
variable as a function of the error.

Fig. 14. Response obtained from the system with
Fuzzy controller tuned for an operating point
at pH=6

Fig. 12. MATLAB/Simulink representation of the overall
Logic
Controller.
system
using
Fuzzy

Fig. 15. Response obtained from the system with
Fuzzy controller tuned for an operating point at
pH=10
VI.

Fig. 13. Response obtained from the system
with Fuzzy controller tuned for an operating
point at pH=4

CONCLUSION

Application of PID control is limited to
linear process with constant gain.
2)
For non-liner process with varying gain,
gain of the PID controller also needs to be
changed (kp, ki)
3)
Fuzzy Logic is known to capture nonlinear dynamic of the process with simple
representation.
4)
Using Fuzzy Logic, non-linear dynamics
of pH neutralization process can be conveniently
captured.
1)
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5)
Thus Fuzzy controller can suitably used
as non-linear model based control for controlling
complicated process such as pH neutralization.

[8]

[9]

VII. FUTURE SCOPE

B.T. Jadhav, R.R. Mudholkar & S.R.Sawant
,”Fuzzy Logic pH control technique”,
Industrial Automation- April 2003, pp42-46.
Kevin M. Pasino and Stephen Yurkovich,
“Fuzzy Control”, Addition Wesley, pp21-65.

1)
The fuzzy model based controller can be
tuned further to improve the steady state error.
2)
The pH neutralization model could be
made
more
realistic
considering
the
measurement
delays,
control
valve
characteristics, cascaded flow control for acid
and base.
3)
This Simulink model could be interfaced
to an actual pH neutralization process and
performance could be verified. 4) The PID
control could be extended to gain scheduling PI
controller and could verify with real plant
interface.
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ABSTRACT: The objective of this paper is to
control the speed of a DC motor efficiently
by using SMC. Model of a separately excited
DC motor has been choose. First PID
controller is used for the speed con- trol of
the motor (both linear and non-linear model)
and then SMC is used for the same
non-linear model. The modeling and
simulation has been done in MATLAB.
The observations shows that SMC gives
better results as compared to PID. While
PID is not capable to give the desired result
satisfactorily in case of non-linear systems,
SMC has robust nature in presence of such
disturbances.

fail, they do not provide the desired output in
desired time. For this reason, some better
approach has to be taken. In this paper, SMC
(Sliding Mode Controller) is that approach, a
controller which has ability to work
satisfactorily under linear as well as non-linear
factors of the system.
This paper has taken two types of non-linearities
that are present in a DC motor. One of them is
friction that occurs in the motor itself and the
other non-linear factor is backlash. Backlash is
generated at the gear box which is driven by the
motor.

When the motor is required at low speed level
such as in chemical processing application in
KEY WORDS: Sliding mode controller, industries, the non-linear factors do affect the
chattering, non-linearity in dc motor, output of the system that can not be eliminated
modeling of dc motor.
by the conventional control- lers in real time.
I. INTRODUCTION
SMC is designed for avoiding such unDC motors have been widely used in industrial,
certainties. It has many advantages over PID
agricultural and domestic sectors with various
controller. Some of them are robustness,
applica- tions. Different fields require different
disturbance rejection and independent of he
speed ranges of the motors with different
ranges of load changes. Usual- ly where a
system parameters. The results shown in the
higher speed of dc motor is required, the non
paper proves that SMC is much better than PID
– linear factors of the motor are neglected since
for the speed control of a DC motor
these factors do not affect much. Also, in such
cases, conven- tional controllers such as PI
especially when the non-linear model of the
(Proportional-Integral) con-troller and PID
motor is considered
(Proportional-Integral-Derivative) con- troller
are effective.
When we come across non-linear systems
II. SLIDING MODE CONTROL (SMC)
the above controllers are likely to
Sliding mode controller works by switching the
trajectory of the system from one structure to
other and in between sliding on a specific line,
plane or surface in state space. The motion of
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the system trajectory along a chosen path in
state space is called the sliding mode and the
controller designed with the aim to achieve the
slid- ing motion is called sliding mode
controller. The path such chosen is called the
sliding surface or switching surface.

example taken above, its ɳ condition can be
written as:
d(s2)/dt < - ɳ|s|

-6

When the state trajectory changes its
structure from one path to other ie; as it is on the
verge to slide on the sliding surface, due to the
stronger condition been applied to it, the
transition from one structure of the path to the
other is not smooth. In fact it forms a zig
-zag path along the sliding surface. This
happens due to the practical limitations of the
devices used for the
measurements.
Such
an
undesirable
phenomenon is known as chattering.

While choosing the sliding surface, there are
some requirements that has to be taken care of.
The system stability has to be confined to the
sliding (switching) surface. Also, the system
trajectory should converge to the sliding surface
within finite time
REQUIREMENT I.
System stability: Consider the following system
Chattering occurs due to the presence of
dynamics
the sig- num function used in the controller.
Hence, to avoid or reduce chattering, signum
ẋ1 = A11 x1 + A12 x2
-1
to xbe
some
-2 smoother
- 1 ẋ2 =has
A21
A22 x2by
+ Bu
ẋ2 = A21 x1 + A22 x2 + Bu
-2
-2function
1 +replaced
functions may be tangent function or saturation
function. Many types of functions have been
Let the sliding function
used in different papers for reducing the
chosen be :
chattering ear- lier and many are still working
s = Cx1 + x2 = 0
-3
-3 on it.
Equation 1
rewritten as:

can

be

III. DC MOTOR ( LINEAR MODEL)

DC motors have a wide area of application in
ẋ1 = A11 x1 - A12 Cx1 = (A11 - A12C)x1 -4 all sorts of sectors, be it industrial, agricultural
-4or domes‐ tic. Moreover, they have been used
Taking C > 0 such that the solution of equation 4
in scientific re‐ search and technology works
lies to the left hand side of the phase plane, the
too.
The electric circuit of the DC motor is
dynam- ics of x1 can be made stable at the sliding
surface. From equation 3 the dynamics of x2 shown in Fig. 1. Objective here will be
already becomes stable at the sliding surface. controlling the speed of the motor through
Thus this sliding surface validates the first arma‐ ture voltage.
requirement.
REQUIREMENT II.
Convergence to s = 0 : For this requirement to
be ful- filled, the reachability condition has to
satisfied which states that in order to make sure
that sliding mode starts at some time t > 0,
irrespective of the initial state x(0), we should be
sure that the state trajectory is always moving
towards s = 0, for s ≠ 0.
d(s2)/dt < 0

-5

As the state trajectory comes closer to the
sliding surface, the rate of convergence
becomes slow. So along with reachability
condition, there is one more condition called ɳ
condition that ensures the conver- gence of the
trajectory towards s = 0 within finite time as the
trajectory approaches towards the same. For the

-5
Figure 1. Electric circuit of DC motor
The parameters shown in figure 1. are given
below: Va : armature voltage (input to the
motor)
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Ra : armature resistance
La : armature inductance
Eb : back emf
ω : angular velocity (output of the motor)
if : field current
J : moment of inertia
b : constant of moment of inertia
T : torque produced
The motor rotates with a constant speed
which is gained by balancing the load torque
and the torque pro- duced by the motor. The
motor is excited by the field current with input
as armature voltage applied at the terminals.
This induces a voltage in the motor known as
back emf. The output speed of the motor rotates
the shaft attached to it which is actually the
load.

Figure 2. Simulink model of DC
motor (linear)
IV . DCMOTOR(NON-LINEARMODEL)

Two non-linearities considered in this paper
are friction and backlash. Friction has three
com- ponents namely static friction,
coulomb
friction and viscous friction.
The equations that govern the working of Whenever two surfaces are in contact they are
the motor are written as:
having some static friction which one surface
has to overcome so as to move. Static friction
Torque in terms of shaft parameters:
is also called stiction. As the surface of one
object starts to move it glides over the other
T = J(dω/dt) + Bω
-7
-7object with some velocity and in a direction.
Op- posite to this velocity and direction,
Torque produced by armature current:
coulomb force is always present which is
independent of the mag- nitude of the
T = Kt ia
-8velocity. It depends on the nature (properties)
-8
of the two surfaces in contact. The static
Now applying KVL in the circuit shown in
friction is greater than the coulomb friction.
fig- ure 1., we get:
The friction proportional to the velocity is
viscous friction. It has the same direction as
Va - Eb = Raia + La(dia/dt)
-9
that of the moving object ie; the velocity.
Below is a figure describing the relationship
(dia/dt) = Va /La - Eb /La - (Ra/La) ia -10
between the three com- ponents of the friction
and the velocity.
Where ,
Eb = Kb ω
-11
And ,(dω/dt) = - (b/J )ω + (Kt/J) ia

-12

With ω and ia as state variables, Va as the
input, the state model of the motor can be
represented by equations 10 and 12. Finally
by putting the values in equations 11 and 12,
the system model becomes:
(dω/dt) = - ω + 47.9041916 ia
-13
(dia/dt) = - 66.66667ω - 50ia + 83.3333Va

-14

Equations 13 and 14 are obtained by using
the following values:
Ra = 0.6Ω
La = 0.012H
Kt = 0.8Nm/A
Kb = 0.8Vs/rad
J = 0.0167Kgm2/s2 b = 0.0167
Simulink model of DC motor (linear) is
shown in fig- ure 2. below.

Figure 3. Friction - velocity plot
Backlash occurs in every mechanical system
that has some movement. It is like hysteresis
(that occurs in electric systems), but in
mechanical sys- tems. When the motor
drives the shaft, it rotates with certain speed
and the gear box attached pro- duces
backlash. The plot of input angle (driving
motor angle output) vs output angle (driven
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where K should be a positive value. In the simu
lation given below, K = | C | .

shaft angular position) is shown below in
figure 4.

VI. SI M UL ATI O N RESULTS
First comparison between the output of PID
controller for DC motor linear and
non - linear model has been done. Then the
results of PID and SMC for non - linear DC
motor model are compared

Figure 4. Backlash in gear box
Here ’a’ is the perpendicular distance be- tween
the teeth of the motor driving the shaft and the
shaft been driven (as an example).
The Simulink model of DC motor is taking into
consideration the friction and backlash nonlinearities, is shown in figure 5. Below
Figure 6. Modeling of PID controller for
DC motor speed

Figure 5. Simulink model of DC motor (non-linear)

V. CONTROLDESIGN
Figure 7. Speed control of linear
DC motor model using PID
controller

Take x1 = ω(t) ; x 2 = x1 ; u = Va
The system then becomes:
ẋ1 = x2
ẋ2 = - 51.39 x1 - 51 x2 + 3992.015 u
-17

-15
- 16 y = x1

Selecting the sliding surface as:
s = Ce + x2 = 0

-18

where C is negative and
e = reference speed - actual speed e =
r - x1

Figure 8. Speed control of non-linear
DC motor model using PID controller

The controller ‘u’ is defined as:
u= K ,
=-K ,

s<0
s>0

-19
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be efficient than PID controller, be it in terms
of peak overshoot or the settling time
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Figure 11. Speed control of DC model
(non-linear) using SMC
VII. CO NCLUSI O NS
In this paper conventional controller PID
and a different approach SMC have been
applied for speed control of DC motor. As far
as linear model of the motor is concerned,
PID is capable to control the speed within
desirable time and er- rors under limitations.
But when it comes to con- trol the speed
under the presence of non- linearities, SMC
is far better than PID. However, results of
PID controller can be improved by changing
the gains of P, I, D terms but SMC proves to
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Abstract— A vital problem in evaluating
the picture quality of an image compression
system is the difficulty in describing the
amount of degradation in reconstructed
image, Wavelet transforms are set of
mathematical functions that have established
their viability in image compression
applications owing to the computational
simplicity that comes in the form of filter
bank implementation. This paper presents a
new lossless color image compression
algorithm, based on the hierarchical
prediction and Wavelet Coding. We develop
a hierarchical scheme that enables the use of
upper, left, and lower pixels for the pixel
prediction, whereas the conventional raster
scan prediction methods use upper and left
pixels. An appropriate context model for the
prediction error is also defined and Haar
wavelet transform is applied to the error
signal corresponding to each context.
Proposed work is carried out by the
application of hand designed wavelet family
like Haar on a variety of bench mark images.
It is shown that the proposed method further
increases the compression ratios with more
peak signal to noise ratios.
Index Terms— Hierarchical prediction,
Lossless color image compression, Reversible
color transform, Wavelet Coding.

I. INTRODUCTION
Memory and channel bandwidth are the prime
constraints in image transmission and storage
applications. In view of the growing energy
requirements of wireless data services, the
volume of multimedia data being transmitted
over wireless channels may be
reduced using various compression techniques,
image compression entails transforming and
organizing the data in an easy way of
representation in which images of various
types and sizes are compressed using different
methodologies.
Image compression is one of the most
visible applications of wavelet transforms
additional to diversified fields as biomedical
applications,
wireless
communications,
computer graphics etc. [1] Wavelet based image
coders like JPEG2000 standard easily
outperform the traditional discrete cosine
transform based JPEG image compression.
Wavelets provide good compression
ratios for high resolution images and perform
better than competing technologies like JPEG,
in terms of signal to noise ratio and visual
quality[4]. Unlike JPEG, wavelets show no
blocking affects but allows for a degradation of
the image quality while preserving the
significant details of the image. In JPEG2000
standard wavelet based image compression
system the entire image is transformed and
compressed as a single data object rather than
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block by block as in a DCT based compression
system there by allowing uniform distribution of
the compression error across the entire image to
provide better image quality and high
compression ratio[3].
This paper is organized as follows. Section 2
discusses the proposed transform based image
compression system. Section 3 details the
objective fidelity measures to assess the quality
of reconstructed images and their measures..
II. TRANSFORM BASED COMPRESSION
SYSTEM
Image compression techniques are broadly
classified as lossy compression techniques and
lossless compression techniques, depending on
whether or not an exact replica of the original
image could be constructed using the
compressed image.
Lossless image compression techniques are
limited in terms of compression ratios, they
encode data exactly such that decoded image is
identical to the original image. Lossless
compression uses predictive encoding which
uses the gray level of each pixel to predict the
gray value of its right neighbor, the overall result
is the reduction of redundancy in the data.
Lossless image compression techniques are
mainly preferred for applications with stringent
requirements such as medical imaging and
diagnosis etc.

Fig 1: Transform based image compression
system

III. PROPOSED WORK
For the compression of color images, the color
components are first de‐correlated by a color
transform, and each of the transformed
components is independently compressed. For
example, the RGB to Y CbCr transform may be
the most frequently used one for the lossy
compression of color image and video. However,
in the case of lossless compression, most color
transforms cannot be used due to their
un-invertibility with integer Hence an invertible
version of color transform, the reversible color
transform (RCT) was defined and used in
JPEG2000 .
After the transformation of RGB to Y Cu Cv by
an RCT the Y channel is encoded by a
conventional gray scale image compression
algorithm. In the case of chrominance channels
(Cu and Cv ), the signal variation is generally
much smaller than that of RGB, but still large
near the edges. For more accurate prediction of
these signals, and also for accurate modeling of
prediction errors, we use the hierarchical
scheme: the chrominance image is decomposed
into two sub images; i.e. a set of even numbered
rows and a set of odd numbered rows
respectively. Once the even row sub image Xe is
encoded, we can use all the pixels in Xe for the
prediction of a pixel in the odd row sub image
Xo. In addition, since the statistical properties of
two sub images are not much different, the pdf of
prediction errors of a subimage can be accurately
modeled from the other one, which contributes to
better context modeling for Wavelet coding[5].

Fig 2: Illustration of
hierarchical decomposition.
The efficiency of lossless compression based on
the estimation of the pdf of the prediction error.
For the compression of Xo pixels using Xe,
directional prediction is employed to avoid large
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prediction errors near the edges. for each pixel
xo(I,j) in Xo, the
horizontal prediction x^h(I,j) and
vertical predictor x^v(i,j) are
defined as
xˆh (i, j ) = xo(i, j − 1)
̂(i,j) =round
One of them is selected as a predictor for
Xo (i,j).With these possible predictors, the most
common approach to encoding is “ mode
selection” where the predictor of each pixel is
selected and the mode is also transmitted as side
information. We define a variable for the
direction of edge at each pixel dir(i,j) ,which is
given either H or V .Mode selection is tried
when more than one of dir(i-1,j) or dir(i,j-1) are
H and the vertical prediction is performed for
the rest.

large when the local activity is strong. Hence the
proposed model is strong with wavelet coding.
The Context is taken as the input of haar wavelet
transform, which are again divided in to LL, LH,
HL, HH sub images [2]. LL sub image is having
more information than the remaining sub images
hence, LL sub image is taken into consideration
and Haar wavelet transform is applied. The
output obtained is having design metrics such as
mean square error(MSE),peak signal to noise
ratio(PSNR) and compression ratio(CR)[6].
IV. ANALYSIS OF
RESULTS

In the proposed work, different color
images and gray scale images with varying
content of details are considered with
decomposition using hand design wavelet
family like haar wavelet transform. Metrics
PSNR, CR and MSE so obtained are tabulated
For the efficient compression, the statistics of
in Table I for analysis after simulation in
symbols (prediction errors) should well be
Matlab environment.
described by an appropriate model and/or
parameters. We model the prediction error as Table I: Quality Metrics
a random variable with pdf P(e|Cn), where Cn is
Image
the coding context that reflects the magnitude of
PSNR
CR
MSE
(128x128)
edges and textures. Specifically, Cn is the level
Lena
11.9084 18.2156 4.1902
of quantization steps of pixel activity σ(i, j )
Mandrill
10.1693 10.6176 6.2617
defined as
Barbara
11.9053 16.1377 4.1933
 (i j) = |xe i,j ‐xe i 1 |

Endoscope 16.0378

26.4924

1.6192

V. CONCLUSIONS
Note that the local activity and its quantization
steps are calculated with the pixels in Xe,
because all the pixels of Xe are available and its
statistical property would be almost the same as
that of Xo. The local activity is quantized
into K steps such that Cn represents the step

qn-1<=(i, j)<qn

for n = 1, . . . , K with q0 = 0 and qK = ∞. The
length of quantization steps is determined such
that each step includes the same number of
elements (local activities). For each context, a
generic adaptive arithmetic coder [12] is used to
encode the prediction error. For illustration, Fig 3
shows an input image, the local activity of a sub
image (context), and P(e|Cn) for several Cn. It
describes the statistical property of prediction
error very well, in that the error magnitude is

The Proposed work of lossless color
image compression method based on a
hierarchical prediction of pixels .For the
compression of an RGB image, it is first
transformed into Y Cu Cv color space using
an
RCT. After the color transformation, the
luminance channel Y is compressed by a
conventional lossless image coder. Pixels in
chrominance channels are predicted by the
hierarchical decomposition and directional
prediction. Finally Haar wavelet transform is
applied to the context image. This proposed
method is tested on different images. The results
obtained clearly indicate that Haar offer good
compression performance; it can be concluded
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that compression performance depends on the
size and content of the image therefore it is
appropriate to tailor the choice of wavelet based
on image size and content for desired quality of
reconstructed image
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Abstract— Scour is result of the erosive action
of flowing water, excavating and carrying away
material from bed and banks of streams and
other waterways. Scour is one of the major
causes of failure of bridges across the world. The
estimation of correct depth of scour below the
stream bed is very important since that
determines the depth of foundation. In this study
an attempt has been made to study the
effectiveness of slotted pier as a scour control
measures. The provision of slot in the pier helps
in reducing the strength of the horseshoe vortex
due to the reduction of effective diameter of the
pier. Furthermore, the passage of water through
the slot reduces the intensity of adverse pressure
gradient upstream of the pier. The slot helps to
pass most of the flow through it and only the
balance is left to cause much reduced scour
damage. For this, a rectangular slot is provided
on the pier, above bed level and behavior of
scour around the pier was observed by
conducting model test under clear water
Index Terms—Bridge piers, Scour reduction,
scour depth with time, pier diameter.
I. INTRODUCTION
Scour is the result of the erosive action of
flowing water, excavating and carrying away
material from the bed and banks of streams and

from around the piers and abutments of bridges.
Construction of bridge requires careful planning
and in depth study and no undue risk should be
taken in design and construction. The most
common cause of bridge failures is from floods,
scouring bed material from around bridge
foundations. Scour is the engineering term for
the erosion caused by water of the soil
surrounding a bridge foundation (piers and
abutments). During the spring floods of 1987, 17
bridges in New York and New England were
damaged or destroyed by scour. In 1985, 73
bridges were destroyed by floods in
Pennsylvania, Virginia, and West Virginia.
The 1973 national study for the Federal
Highway Administration (FHWA) of 383 bridge
failures caused by catastrophic floods showed
that 25 percent involved pier damage and 75
percent involved abutment damage. A second
more extensive study in 1978 indicated that
abutment scour problems also have the same
responsibility as that of local scour for failure of
bridge foundation.
II. OBJECTIVE OF THE STUDY
Many bridges failed around the world because of
extreme scour around pier and abutment. The
failure of bridges due to scour will result in
economical loss and may also result in losses of
human life. In an extensive study of bridge
failures in United States, it reported that damage
to bridges and highways from regional floods in
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1964 and 1972 amounted about $100,000,000 per
event. A large depth of foundation is require for
bridge piers to overcome the effect of scour which
is a costly proportion. Therefore, for safe and
economical design, scour around the bridge piers
is required to be controlled. So in this study an
effort have been made to reduce the depth of scour
by using a rectangular slot through pier, which
helps to pass most of the flow through it because
of a favorable pressure gradient and balance
would be left to cause much reduced scour
damage. The basic principle of a slot is either to
divert the down flow away from the bed, or to
reduce the down flow impinging on the bed. When
the slot is placed near the bed, the oncoming flow
at the bottom boundary layer accelerates through
the slot as a horizontal jet.
III. METHODOLOGY
A laboratory model study has been carried out in a
flume channel of 19.25m long, width 1000mm and
the depth is 1300mm and observations are made
for local scour around slotted and solid bridge
piers of different diameters. The experiments were
conducted till the scouring process stopped or the
change in scour depth was small enough to be
neglected. The sand bed is used as bed material
and local scour depth was observed for different
approach velocity. For each and every set of
experiments the pumps were started and water
collected at the inlet tank and discharged through
the flume channel and finally returned back to the
main reservoir through recirculation channel. The
pumps are run for up to six hour period and scour
depth are measured after every hour interval. The
process was continued till scouring reaches a
stable condition. The test were conducted for
different diameter viz. 3.81cm (1.5″), 5.08cm (2″),
7.62cm (3″) solid and slotted pier and also for
different opening ratio of slot at different velocity.
IV. LITERATURE REVIEW
The provision of slot to reduce the power of the
horseshoe vortex includes create a conduit for
passing the flow through the pier of the bridge.
Tanaka and Yano (1967) and Chiew (1992) have
studied the effect of providing slots through the
body of circular piers on scour depth. Chiew
(1992) conducted experiments with two distinct
locations of the slots. Kumar et al. (1999) carried
out research to determine the scour reduction
efficiency of slots of different lengths and

aligned at different angles to the flow. The
application of slot to control scour in a group of
circular bridge piers in a direct canal was studied
by Heidarpoor, et al. (2003) findings revealed
that the group of bridge piers has a great impact
on the depth of scouring on the front part of the
pier compared with an individual pier. A.T.
Monakada and et. al. (2009) by examining effect
of a rectangular slot (width 1.8cm and varied
height) observed that a slot in the pier
considerably reduces the scour depth. When the
slot length increases from the water surface to
the bed Level, the efficiency was between 48%
and 85%. Therefore, the slot location is a
parameter that has a direct effect on the scour
depth, with the best location near the bed.
IV SCOUR MECHANISM
The basic mechanism causing local scour at a
pier is the formation of vortices at their base.
The formation of these vortices results from the
pileup of water on the upstream surface and
subsequent acceleration of the flow around the
nose of the pier. The action of the vortex
removes bed material from around the base of
the pier. When the transport rate of the
sediment away from the pier caused by the
vortex is greater than the transport rate of
sediment into the region around the pier, a
scour hole develops. As the depth of the scour
hole increases and widens, the strength of the
vortices is reduced, thereby reducing the
transport rate of sediment out of the scour hole.
At the same time, the widened scour hole is
able to capture a greater amount of the bed load
moving past the pier. Eventually, an
equilibrium condition is established and
scouring process can be ignored.
V. SCOUR PROTECTION MEASURE
CONSIDERED IN THIS STUDY
There are many approaches available for scour
protection measure, but all are economically
expensive and construction cost is also more. In
our experiment we have used an approach for
scour protection measure using rectangular slot
on the pier, which helps to pass most of the
flow through it because of a favorable pressure
gradient and balance would be left to cause
much reduced scour damage. The basic
principle of a slot is either to divert the down
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flow away from the bed, or to reduce the down
flow impinging on the bed. Considering that,
experimental study were conducted with
provision of vertical slot on the piers at
different velocities and at different opening
ratio as scour control measures. Experiments
were run under a clear water scour regime on
sand bed for a period of 6 hour and the
observations were taken at one hour interval.
VI. OBSERVATION
A model bridge arrangement has been made in
such a way that the pier axis is perpendicular to
the direction of flow of water. The experiment
have been conducted using the circular pier of
different diameter 3.81cm (1.5″), 5.08cm (2″),
7.62cm (3″) and slotted pier with percentage of
opening are 26.24 %, 39.37%, 35.43 %, 49.21%,
32.80 % and 52.49 % of width. The observations
were done at four locations, location- U1 and U2
just along the upstream face and location D1 and
D2 along the downstream face of the pier. The
observations are made at every 1 hour of interval
and the experiments were conducted till the
scouring process stopped or change in scour
depth was small enough to be neglected. Scour
observations were made at all the 4 points under
clear water at different diameter and velocity for
solid and slotted pier with different opening
ratios and observations were explained in the
graph

Fig.1: Scour depth behavior for solid pier

Fig.2: Scour depth behaviour for slotted pier

Fig.3: Variation of scour depth at different
velocity for pier Diameter 3.81 cm

Fig.4: Variation of scour depth at different
velocity for pier Diameter 5.08 cm

Fig.5: Variation of scour depth at different
velocity for pier Diameter 7.62 cm
From above Fig. it was observed that the
provision of slot on the pier reduces the scour
depth, also observed that scour depth is
inversely proportional to the size of slot on pier.
Using laboratory data as input, analysis were
made for calculation of anticipated scour depth
by using current evaluation practices. For the
analysis the approach like IRC-78-2000,
HEC-18, U.C. Kothiyari methods are adopted
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and calculated results are compared with
experimental results.

Using the observed data from
laboratory physical models and considering
flow velocity (v), pier diameter (d), opening
ratio (OR) and shape of pier as parameters for
circular pier, non-linear regression analysis is
done by using “XLSTAT” software and the
following equations are formulated for
estimation of clear-water scour depth around
bridge piers.
Dsc=15.14-0.31v+0.56d-1.84x10-2xOR+8.73x10-3xv
2
-2.41x10-2xd2x6.23x10-4xOR2
Where,

Fig.6: Scour depth evaluated using different
approach for pier diameter 3.81 cm

Fig.7: Scour depth evaluated using different
approach for pier diameter 5.08 cm

Fig.8: Scour depth evaluated using different
approach for pier diameter 7.62 cm
VII. SCOUR DEPTH PREDICATION
EQUATION
Development of Regression based model for
prediction of equilibrium scour depth in
slotted pier:

Dsc= Scour depth below HFL in meter
v= Approach velocity in m/s
d=Pier diameter in meter
Inaccuracy of the equation may arises in
different situation, as they are based on limited
data obtained from laboratory physical models.
Validation of proposed equation using field
data
For validation of proposed equation, the field
data used in this study was obtained from
American Journal of Environmental Sciences
1(2):119-125,2005 ISSN 1553-345X © Science
Publications, 2005. The field data mainly
include the discharge, water depth, mean
approach velocity, silt factor and maximum
observed local scour depth.
The comparison between the measured scoured
depths and computed scour depths using
proposed equation shows that they are in
agreement. The study shows that the proposed
formula appear to give a reasonable estimate of
local scour depth for solid as well as slotted pier.
VIII. CONCLUSION
From the model study as well as from the
analysis of laboratory data and different
approaches for scour depth determination, the
following conclusion are drawn.
1. For the same approach velocity, bed
material and pier diameter, the scour
depth reduces due to the provision of slot
on pier.
2. Increase in width of slot in the pier
reduces the intensity of adverse pressure
gradient upstream of the pier, which
results in further reduction on scour depth
3. The proposed regression based model for
slotted as well as solid pier appears to give
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4.

5.

a reasonable estimate of the local scour
depth.
The intensity of scour is greater in the
upstream face of the pier than in the
downstream face.
The rate of scour is maximum at initial
period and reduces with time, but the
process continues for long time and time
to reach equilibrium scour depth varies
widely. A practical equilibrium is reached
within a relatively short time and after
which the increase in the depth and extent
of scour becomes virtually imperceptible.
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