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ABSTRACT

“Personal finance is the process of budgeting, saving, and spending monetary capital over time while taking into
account different financial risks and potential life events. When it comes to personal finances, an investor should think
about the suitability of a variety of financial products, private equity investments, and insurance products, as well as
participation and tracking of and/or employer-sponsored retirement plans, social security benefits, and tax
management and many more. We have seen a number of countries face a lot of unpredictable problems during this
period, such as the covid -19 pandemic, Myanmar's military coup against the government, wildfires in North America
and Australia, and many more. These events have had a huge effect on the country's economy, and this burden has
eventually fallen on the taxpayers. It is important to know how to handle one's finances in such a situation. As an
investor, you must also understand when and how much to invest, as well as where to invest their money in such
situations. The aim of this paper is to show how to manage personal finances in the face of a country’s uncertainty,
whether caused by man or nature, and also analyze the market prices of their investments as they drop and rise in

response to the crisis
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Introduction

A recession is an era of economic contraction
during which unemployment increases and
trade and manufacturing production declines.
Although the definition of a recession varies, it
usually applies to six or more months of
economic downturn. This indicates that a
country's gross domestic product (GDP) has
fallen for two consecutive years, indicating
sluggish or negative economic growth. Natural
or man-made events can trigger a recession; for
example, the COVID-19 pandemic recently
triggered a slowdown, raising concerns about a
recession. The GDP of several countries was
affected, Whether or not a recession is
approaching, there are steps you should take to
prepare the budget for any economic
adjustments.

The idea of being prepared for unfavorable
circumstances will still make you have the
upper hand over your country's economic
situation, making it better to be financially
prepared during a crisis, whether caused by
man or nature. The effect on the economy,
whether man-made or natural, is devastating to
the world and its economic condition, and this
also would take a toll on taxpayers. The US
unemployment rate rose to 14.7 percent in

April, the highest amount since the Great
Depression, according to the Bureau of Labor
Statistics. Market instability has reached
heights last seen during the financial crisis of
2007-2008. Many of us have never seen an
economic situation like this before. But now
that so many people are unemployed and in
economic difficulties, we can see the value and
rationality behind the theory. It is important to
be financially able at times like this.

Literature Review

An Analysis of the Factors Affecting
Investors’ Financial Goals in Today’s
Scenario

Sidhanth et al [1] discuss the probable factors
that lead to a person’s decision in investing in a
particular scheme. A quantitative study has
been conducted using empirical data collected
using electronic methods and a rough line is
drawn to study the relationship between these
various factors. Statistical analysis has been
performed, using RStudio, on the dataset,
which consists of information from 92 different
individuals, while keeping intact the integrity
and the trustworthiness of the dataset by
ensuring a dispersed circulation of the data
collection form, while also cleaning the dataset
using secondary information found on the
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Internet. The study concludes, with statistical
proof, that there exists a relationship between
the investor and some attributes like
individual’s income, gender, age, retirement
age, and the number of children. It also shows
proof as to the irrelevance of the marital status
to a person’s income statement.

An Empirical Analysis of Impact of
Macroeconomic Variables on Indian Stock
Market

P.Radha et al. [2] discuss the effect of ¢ certain
economic variables on the stock market, while
also putting together a rather political review of
the effect of the Modi Government(Prime
minister, India, 2014- present) on the stock
market. The study provides insight for the
investors that are looking to know about the
stock market in India. The stock market studies
here because it runs parallel with the economic
health of a country, which is evidently proved
in this study. The implementation of policies
and their impact on stock prices has also been
conducted using “Granger’s causality test”,
hence finding if there is a correlation between
the government policies and stock market
prices. Data used for the study is the stock
market data in India, between 2009 to 2018,
but has been divided into two parts - pre-Modi
leadership and during the Modi government.
The  macroeconomic  variables  under
consideration are the Bank rate, Repo rate, and
Reverse repo rate. Nifty has been used as a
representative of the Indian stock market. The
main focus being banking sector stocks, this
paper focuses on the private sector banks,
which satisfy the criteria of resemblance to
corporate banks (stock split, mergers, etc.). The
Augmented Dickey-Fuller test was applied to
test the fluctuations in the stock data. The study
provides conclusive evidence suggesting that
the Bank rate, repo rate, and the reverse repo
rate have a positive correlation with the Nifty
Indian stock prices and also the banks. Also, it
is concluded that the results of correlation
during and before the Modi government are
similar.

Personal Finance Planning with respect to
person with disability: Scale Development.
Saroj Kumar et al [3] put light on a rather
untapped field of research - investment options
and financial planning assistance for those who
are specially-abled. The dataset consists of 181

responses collected strictly within the city of
Lucknow, India, by means of interviews and
pilot studies. The data was then categorized
into various demographic profiles accordingly.
The confirmatory factor analysis method was
employed to develop a four-factor planning
metric. The research is exploratory, cross-
sectional,and descriptive. The four
determinants of the personal financial planning
scale - Finance planning, managing investment,
managing retirement, and managing insurance
were statistically significant at 0.001 level,
among which the loadings of managing
insurance is 0.69, as opposed to the other three,
who have factor loadings greater than 0.7.
Prediction of project cash flow using time-
depended evolutionary LS-SVM inference
model

Min-Yuan Cheng et al [4] propose a novel
machine learning methodology to predict the
cash flow for a very specific use-case -
construction  business. In  construction
businesses, cash flow and its availability play a
significant role in the profitability of the
project. Predictions for the cash flow puts out a
major stress from the minds of the construction
project manager’s mind, and he can focus on
increasing the  profits generated and
formulating new strategies. This study
hybridizes WLS-SVM (weighted least square
support vector machine) a - supervised learning
ML algorithm, MLIE (Machine-learning Based
Interval ~ Estimation), = APLF  (adaptive
piecewise linear function) to correctly assign
the weight values to the old and new values in
the time series data and DE (Differential
Evolution) as the search engine. The database
is collected from a construction contractor from
Taipei, consisting of information on several
high-rise building projects between 1996 and
2006. The SVM model used 8 of the projects
as training data to achieve reasonable accuracy,
2 for validation, and 2 for testing purposes. The
study resulted in the model showing PCIP
(Prediction Interval Coverage Probability) and
MPI (Mean Width of Prediction Interval)
values were calculated and found to be 96%
and 0.13 respectively, for a 95% LOC, and
90% and 0.09 respectively, for a 90% LOC.
These were acceptable values to rule that the
model has turned out to be quite effective.
However, the only limitation is the lack of
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variety of data in this specific domain, for this
specific use case.

Effects of Income Tax Changes on Economic
Growth

William G. Gale et al [5], proposes A tax
change's composition and funding are crucial
to achieving economic development. Tax cuts
will allow people to work, save, and save, but
if they are not accompanied by immediate
spending cuts, they would almost certainly
result in a larger federal budget deficit, which
will limit national saving and lift interest rates
in the long run. The net effect on growth is
unknown, although several forecasts indicate
that it would be slight or negative. Base-
broadening policies will minimize the effects
of tax rate cuts on budget deficits while also
reducing the impact on the labor market,
saving, and consumption, reducing the direct
impact on productivity. They do, however,
reallocate capital across industries to their
highest-value economic uses, resulting in
greater productivity and possibly increasing the
economy's total scale. According to the
findings, not all tax reforms would have the
same effect on progress. Reforms that boost
benefits, reduce current subsidies, prevent
windfall profits, and avoid deficit financing
would have a more favorable impact on the
economy's long-term scale, but they can result
in trade-offs between equity and productivity.

Economic Impact of A Crisis

An economic crisis impacts not just
organizations and businesses, but also the
general public's level of living. Many nations
are still in the midst of a crisis, and the effects
may be quantified using several metrics that
estimate the people's level of life, such as the
active population. The economic crisis may
come in different forms, but the most generic
way of categorizing this crisis could be in form
of natural and man-made disasters. In the face
of such a crisis, the government responds in a
variety of ways, for example, following the
sudden crash in the economy of India, the
Reserve Bank of India has taken a few steps at
the micro and macro level. In order to support
the economy despite weak activity, the central
bank unveiled a host of monetary measures,
including an out-of-turn repo rate drop and the
ability to delay loan repayments. Steps to

strengthen the functioning of the market,
promote exports and imports, relieve debt
servicing, and relieving the financial
limitations of state governments were also on
the Reserve Bank's cards. Along with a 40
basis point drop in the repo rate and a three-
month extension to the moratorium period.
India's Covid-19 stimulus program is now
approximately 10% of GDP, which is much
lower than some other big countries. In
comparison, the US is spending around 27% of
its GDP on economic relief, and in Japan, the
stimulus is now at 55% of the country’s GDP.
In May 2020, the Indian government launched
a stimulus package worth Rs20 lakh crore.
Farmers, women, and construction workers
were explicitly targeted for Rsl.7 lakh crore.
Furthermore, the funds that the government
promised to transfer directly to the poor were
just a reallocation of monies from regular
yearly cash-benefit systems. This being
targeted to certain people, it’s not applicable to
the entire population and they cannot benefit
from it.

Ecnomic impact of natural disasters

Natural disasters, ranging from hurricanes and
earthquakes to droughts and floods to
pandemics and bushfires, have the potential to
disrupt not only the lives of local communities,
but also to cost governments, industries, and
individual residents a significant amount of
money. Larger disasters, such as pandemics
and bushfires and many more disasters that are
happening, have wreaked havoc worth tens of
billions of dollars to the government and also
to a lot of private-sector industries. While we
may believe that the economy and natural
disasters are two separate entities, all-natural
disasters have and will continue to have an
impact on the economy.

For research purposes, we're looking at the
latest pandemic, COVID-19, as well as the
recent bushfires in Australia caused by dry fuel
moisture and the ongoing droughts. India has
faced the most economic damage than the other
countries during this pandemic, according to
data released by the Government of India's
Ministry of  Statistics and Programme
Implementation on August 31, 2020, real
quarterly GDP contracted by a whopping 23.9
percent between April and June 2019. Since
the country began publishing quarterly GDP
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estimates in 1996, this level of real GDP
decline has never been seen before. Even so,
the estimated contraction of the Indian
economy is almost certainly understated due to
statistical omissions and the implementation of
covert policies. China was the only nation to
rise at a rate of 3.2 percent during that period
because of exports that increased more than
anticipated in December, as global coronavirus
outbreaks fueled demand for Chinese products,

exports were made more expensive for
international buyers. Exports increased by
38.7% in the third quarter, while the overall
volume of commercial building transactions
increased by 88.5 percent year over year,
according to official reports. Both the
manufacturing and service industries recovered
well.

INDIAN INFLATION RATES AND AVG CONSUMER PRICES
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Graph 3.1.1: Indian inflation rates and average consumer prices

Also, the latest Australian bushfires, which
lasted from June 2019 to May 2020, had a
significant effect on the economy. This has
cost the insurance companies a loss of 1.8
billion dollars on this particular bush fire and
also the tourism industry which had a loss of

4.5 billion dollars these have hit the economy
very hard, After last year's stagnation in
inflation, continued low wage growth, and high
underemployment, Australians were still wary
of the economic outlook.

AUSTRALIAN INFLATION RATES AND AVG CONSUMER PRICES
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Graph 3.1.2: Australian inflation rates and average consumer prices

Economic impact of man-made disasters

There are many man-made disasters that are
happening regularly and there are few that have
a greater impact on the country’s economy.
Disasters like the Chernobyl power plant
accident, the dust bowl, the oil spill by Exxon
Valdez, Death in Bhopal due to the leakage of
chemicals, and many devastating disasters
caused by us humans. Human-caused disasters
have a much bigger impact on the economy

than natural disasters, whether they are done
deliberately or not.

For research purposes, we should look at the
economic effects of the Chernobyl power plant
accident and Exxon oil spills on their
respective countries. In 1986-1989, direct
losses of capital assets and other material
commodities, as well as spending on actions to
deal with the disaster's effects, totaled 9.2
billion rubles (Russian currency). The
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agriculture industry was the one that took the
brunt of the accident's consequences.
Furthermore, the great global crisis of the
1990s had a negative impact on it. Looking at
the situation individually, People from the
impacted areas have it especially poor, with
lower incomes, less private spending, and
higher unemployment than people from other
parts of the country. The proportion of small
and medium-sized enterprises is also
significantly smaller than in other countries,
owing to the exodus of many professional and
trained employees.

“The most expensive oil leak in history is the

EXXON VALDEZ,” according to the
International ~ Tanker =~ Owners  Pollution
Federation Limited (Alaska, 1989). The

cleanup alone cost about $2.5 billion, though
gross expenses (including fines, damages, and
claim settlements) have been reported to be as
high as $7 billion at times.” According to
Oceana, the spill cost more than $300 million
to more than 32,000 people whose livelihoods
relied on commercial fishing. In the year after
the leak, tourist spending fell by 8% in south-
central Alaska and by 35% in southwest
Alaska. The economic damages to commercial
fisheries are projected to be 31 billion dollars
two years after the Exxon Valdez leak. This
has a great impact on the fishermen and the
small industries that depend on them. Not just
economically but and ecological also they get
affected due to this.

USA INFLATION RATES AND AVG CONSUMER PRICES
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Graph 3.2.1: USA inflation rates and average consumer prices

Impact on an individual’s financial state.
Aside from the physical destruction and
instability, the country's financial situation has
a significant impact on its people. Each
individual is impacted financially in some way;
the difference is the magnitude of the effect.
The amount of money received per person in a
country or area is referred to as per capita
income. Per capita income can be used to
calculate an area's total per-person income and
to assess the population's standard of living and
quality of life. A country's per capita income is
determined by dividing its national income by
its population. For example, COVID-19 has
cost the world both financially and in terms of
health. India, as one of the worst-affected
countries, was estimated to have lost 8.7% of
its per capita income, according to a few
reports.

This was mostly due to the strict lockdown
procedures that resulted in many residents

losing their jobs and struggling to make ends
meet. India has never seen such a severe
economic downturn. Taking a closer look at
the extent of the destruction, another study
claims that 7.35 million people lost their
employment as a result of the pandemic,
equating to roughly 5% of Indians losing their
jobs.
Impact of taxon economic growth.

To rectify the dips in the country’s economy
tax reforming comes into play. Although there
is no question that tax policy will affect
economic decisions, it is far from certain that
tax rate cuts would result in a larger economy
ex-ante. Whereas the rate cuts would increase
the after-tax return on working, saving, and
investing, they would also increase the after-
tax income people get from their current level
of activities, reducing their need to work, save,
and invest. Economic activity is usually
increased by the substitution effect, whereas it
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is normally decreased by the income effect. one can take to prevent getting
Furthermore, if tax increases are not ensnared in a country’s crisis.
accompanied by budget cuts, they will result in 3. Visualizing and aggregating data from
a rise in federal borrowing, which will limit past years, to support our research.

long-term growth even more. The historical
evidence and simulation analysis support the
notion that tax cuts that aren't accompanied by The data used for this visualization and the
immediate budget cuts have little effect on  aggregation was taken from Stanford Business
growth. Tax cuts funded by immediate school’s official website. The dataset contains
reductions in unproductive spending, on the 8098 rows (after cleaning the data from

other hand, would boost productivity inconsistencies) of information about the
defaulted domestic debts, systemic crises,

currency crises, banking crises, and the
inflation crises of 68 countries, from the year
1800 to 2016. Further, the inflation rates and
average consumer prices information for all the
1. To prepare yourself financially for countries have been provided.

unpredictable situations.
2. To determine what significant efforts

Data Analysis on Global Crisis.

Aim and Objective.

WORST HIT YEARS OF CURRENCY CRISIS

2

Frequency

1800 1850 1900 1950 2000

Graph 5.1: Worst hit years of Currency Crisis

Currency crises are the situation wherein there is a country’s reserve bank is capable of holding
foreign funds to keep the exchange rate afloat.

WORST HIT YEARS OF BANKING CRISIS

»

Frequency

Graph 5.2: Worst hit years of Banking Crisis

Banking crises occur when a large number of customers withdraw the deposited amount, for any
reason - the most common ones being the loss of confidence or trust in that bank
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WORST HIT YEARS OF INFLATION CRISIS
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Graph 5.3: Worst hit years of Currency Crisis

From Graph 5.3, Inflation crises refer to the
abnormal rise in prices. The plot shows
average inflation 1in consumer prices
throughout the years. Inflation is a measure

that is used to directly measure the
effectiveness of certain policies on the general
public.

YEARS VS COUNT OF DOMESTIC DEBTS DEFAULTED

2010

Graph 5.4: Years vs Count of domestic debts defaulted

From Graph 5.4, The peak of defaulted debts
comes in the years 1930 - 1950, probably

because of World Wars I and II, arguably a few
of the worst man-made disasters.

WORST HIT YEARS OF SYSTEMIC CRISIS

Frequency

0-

1800 1850

1950 2000

Year

Graph 5.5: Worst hit of Systemic Crisis

From Graph 5.5, we see that the worst hit of
systemic crisis has increased in the past few

throughout the years. The Inflation rates and
the average consumer prices can be used to

years gradually. The inflation rates of  directly measure the impact of events on the
Australia, India, Russia, and the USA  general public.
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Graph 5.6: Inflation of countries India, USA, Australia, and Russia

A time series plot showing the steady decline in the number of commercial banks in the world,
since 1990.
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Graph 5.7: Number of commercial banks worldwide Vs Time

A time series plot showing the variation of the GDP for the bank sectors throughout the world.
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Discussion and Conclusion

The best solution in any financial state is to
identify the problem, address it and set a
budget that incorporates your priorities at first.
However, not all problems can be solved in the
same way. It's critical to understand what has
to be done in your present circumstance in
order to go forward with resolving it.

Building an emergency fund is one of the keys
to sustaining in such given situations. It is
essential to set one up. Consider it a life's
shock absorber, one that will prevent you from
adding to the debt burden you're already
carrying. The coronavirus outbreak in recent
times has highlighted the importance of

T
2005

Time

T T T
2010 2015 2020

maintaining an emergency fund when a crisis
strikes. As a result, understanding how
emergency funds work is important. Aside
from emergency reserves, it is also helpful to
be aware of various ways to save money in
case of a disaster.

While no one can anticipate when a recession
will begin or end, you may prepare now to
avoid much of the pain. The stock market rises
and falls, then rises again. Job opportunities
come and go. However, in the past, every
downturn has been followed by an upturn.
Preparing now can help you weather the storm
and position yourself to benefit when the
economy improves. Building your assets, re-
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evaluating your finances, and handling your

loans are all important ways to prepare for the

unexpected crisis that can happen.

Few ways to handle your budget during a

crisis:

1. Each month, review the budget and see
what costs can be eliminated. to exclude it
from the budget. To save a few rupees,
only buy what you need and choose generic
over name-brand items. Don't buy things
you desire; instead, buy what you need in
your day-to-day life. Make your purchases
wisely.

2. Increase your savings budget as soon as
you can by leaving out needless costs.
Savings should account for 20% of your
profits, while “extra” costs such as
subscriptions and memberships should
account for 30%.

3. Set up higher regular deductions to the
emergency fund after you've reduced your
additional expenses. The first step in
developing a fully stocked (8-10 months
expenses) emergency fund is to start a
small emergency fund of one’s monthly
expenses. This modest objective is much
easier to achieve, and it will make you feel
successful after you reach the final goal
which is your fully stocked emergency
funds. This can help you set up a higher
deduction rate from your emergency fund.

4. It is general advice to pay off the high-
interest loans so that they come in handy
during a crisis. pay off tax-deductible debt
accounts, such as student loans, while
you're at it, so you can get money back
during tax season.

5. Consider if you need to have a small sum
of cash (anywhere from 3 thousand to 5
thousand) on hand in case of an emergency.
It cannot always be easy or possible to
reach your bank account or use a credit
card, for example when you need to make a
curbside transaction or deal with a
widespread power outage. You don't want
to keep a lot of money at home; you just
need enough for a week's worth of food.

6. Having an emergency fund not only
reduces tension during a crisis but also
protects you from going into debt or
depleting your retirement savings. You will
want to reevaluate those parts of your

budget that you found important prior to
the present crisis and searching for funds to
go into the emergency fund.

7. 1Tt is possible to discourage one crisis from
piling on top of another by providing
adequate insurance coverage like property
insurance, life  insurance,  medical
insurance, and many more. It's also worth
double-checking if you have the coverage
you need, not just the bare minimum. This
is true with policies you now have as well
as those you will need to buy in the future.
When you have a serious condition or
accident that keeps you from living, a
disability insurance package is a must, as is
an umbrella policy.

8. You have to be in a situation to be prepared
to give up some long-term benefits for the
sake of the short-term. if you are facing a
loss of income and need to access money
from places which you intended to save, do
so instead of borrowing, selling something
for a low price, or allowing credit card debt
to build up. Be willing to give up some of
your objectives in exchange for others.

9. Cash accounts such as banking,
investments, and money market accounts,
as well as CDs and short-term government
loans, will be more useful. The value of
these commodities does not fluctuate with
market fluctuations, unlike bonds, stocks,
and other financial instruments in which
you have saved. As a result, it's a good idea
to save in cash accounts as well.

10. It is advised to avoid panicking and steer
clear yourself away from fear. Consult a
financial advisor if you're unsure about any
economic changes.

The goal of this research is to determine the
trend of consumer price fluctuations
throughout a country's crisis. We investigated
and demonstrated that previous data support
our findings. When it comes to financial
planning, we can never be certain about the
future, therefore it's always better to be
prepared. Though not everyone will have the
same set of options, we've outlined a few
approaches to avoid a financial disaster in such
a situation. We have learned a lot throughout
this research on how the idea of recursion
works and how one can be though not prepared
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be able to overcome it. Being financially
prepared during a crisis, whether triggered by
man or nature, would give you the upper hand
over your country's economic condition. The
impact on the economy, whether man-made or
natural, is devastating to the world and the
economy, and it will also cost taxpayers

money.
Life is unpredictably volatile, but being
prepared and vigilant will help you avoid
catastrophe and keep you away from disastrous
situations. You can transform a possible
financial disaster into a minor disappointment
if you plan ahead.
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AN ECONOMICS ANALAYSIS OF CUT FLOWER CULTIVATION IN TAMILNADU

V.T.Kumar' and M. Esaimalar’
'Department of Economics, Government Arts College, Dharmapuri
*Scholar Government Arts College, Dharmapuri

ABSTRACT

Cut flowers are harvested with stalk especially for arrangement in Vases, and are the lasting. These constitute a major
share of the total world trade in floricultural products, important cut flower crops are rose, carnation, chrysanthemum,
orchid, gerbera, lilium, anthurium, gladiolus, narcissus, bird of paradise, helicoma, anemone, ranunculus, tulip, calla,
lily etc., Cur flowers are used in the preparation of bouquets and floral baskets as Corsages, flower arrangements and
for decoration purposes

Keywords: Rose Chrysanthemum, Orchid, Anthurium

Introduction

Cut flower cultivation is taking place in 145

countries of the world. In fact, flowers
constitute one of the largest trading
commodities in the agricultural sector,

commanding a bigger market share than that of
food grains. Floriculture-produces institute a
larger market than that of rice and wheat.
Global trade Cut flowers has been on the
increase with the additional global input of
floriculture products including cut--flowers, cut
foliage and live plants, fetching an amount of
not less than $3,000 million. Cut flowers
account for more than half of this sum.
Carnation, Rose, Chrysanthemum, Orchid,
Anthurium, Aster, Gladiolus, etc., are the
highly valued cut flowers in the international
market. The largest exporters of cut flowers
include the Netherlands, Columbia, Israel,
Italy, Sri Lanka, Thailand and Kenya. The
developing countries, which supply cut flowers
are Taiwan, Singapore, Peru, Mexico, Costa
Rica, Brazil, Ethiopia, Zimbabwe, Mauritius
and Malaysia. Besides this, the world imports
of foliage and live plants are also on the
increase. But India's share in this venture is
quite negligible. Recognizing the prospects of
exporting floriculture-products, Government of
India has accorded high priority to their export
and has identified them as a thrust area for
export. The Government has already initiated
steps to enable the country to grab its due share
in the global floriculture market. The
Commerce Ministry has identified floriculture
as an ‘"extreme focus segment" and a

Committee has already been put on the job of
preparing a plan of action. The National
Commission on Agriculture has set up a target
of 5, 00,000 hectares for cultivation by the year
2002 A.D. Four States, namely, Tamilnadu for
Orchids, Maharashtra for Carnations and
Roses, Karnataka, for Chrysanthemums, and
Andhra Pradesh, for Roses, have been
identified for organised and co-ordinate flower
production. That objective is to generate
foreign exchange worth Rs. 200 crore annually
by exporting flowers from the fifth year of
floriculture-operations Some floral varieties
having great demand all over the world are
Roses, Chrysanthemums, Carnations, Lilies
and Orchids and Anthuriums. Orchids have
been occupying a pride of place in horticulture
and floriculture not only for their aesthetic
value but also for their therapeutic value right
from the Vedic Age. Proportionately Orchids
take 80 per cent of the total flower market in
the world with Thailand contributing 85 per
cent. Sri Lanka and Malaysia are the other
major contributors. Cymbidium has the highest
demand, followed by Dendrobium,
Phalaenopsis, Oncidium, Vanda, Mokara and
so forth. Though India is blessed with all varied
climatic conditions of the world, it has not
made any headway in cut flower production for
both the international and the national markets.
Flowers artist priced beyond the reach of
common man for want of competition in
production and marketing. Since production
has remained stagnant, the prospects of export
draw a blank
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Importance of the Study

Tamilnadu is one of the few places in the world
where the Orchids, of which about 200
varielies flourish in Nature. Tamilnadu's
floriculture business is mostly concentrated on
the Orchids. The cultivation has become a
popular project with the involvement of both
the public and private sectors and the readiness
of some banks to advance financial aid. But
production centres are scattered widely apart
from one to the other with an assorted group of
planters cultivating only a small 30 . Number
of plants. The first Floriculture Development
Centre in the country is in Tamilnadu An It is
launched by the State  Horticultural
Department. Development programmes, which
are implemented by the Government and the
new venture, are expected to generate both
direct and indirect employment to thousands of
people in the State. The agro-climatic
conditions of the Static are ideal for growing
many dollar minting cut flowers such as
Orchlds, Anthuriums, Roses and a host of other
ornamental flowering plants. There is also a
good potential for the setting up of
Orchidariums and  Anthurium nurseries.
krishnagiri being declared as a biotechnology
district, cultivation of Orchids and Anthuriums
calls for special consideration. The National
Bank has already sanctioned a scheme to
krishnagiri ~ District ~ Co-operative = Bank
involving a financial outlay of Rs:20.80 lakhs
for assisting 60 farmers for Orchid and
Anthurium cultivation. It is understood that
two schemes for Orchid and Anthurium
cultivation involving loan assistarice to the
tune of Rs. 60 lakhs have already been
sanctioned by a commercial bank.

Scope of the Study

Even though the study can be made from the
stand point of cultivators, traders, consumers,
the Government or at the initiative of an
institution, the present study is intended to
throw light on the mechanics of in vitro
propagation and assessment of co:;t and
profitability of Orchid and Anthurium
cultivation in Tamilnadu from the point of
view of the producers of seedlings, cultivators
and traders only. For a detailed analytical study
of Orchid and Anthurium growers in the State,

a sample survey has been conducted covering
both the Orchid and Anthuriurn cultivators. An
earnest attempt is also made to identify the
production and marketing problems of Orchid
and Anthurium growers in Tamilnadu State.

Objectives of the Study

e 1.The cultivation of Orchids and
Anthodium’s in a historical perspective.

e 2. To make an overview of the world
production, consumption and trade in
floriculture.

e 3. The analysis of the socio-economic
conditions of the cut flower 60 growers of
Tamilnadu

Methodology

The study is an empirical one, which is based
mainly on primary and Secondary data
required for the study have been collected from
various books, and journals wherever it is
found necessary. The study is an empirical one
based on primary data. The data required for
the study have been collected from both
primary and secondary sources. Secondary data
required for the study have been collected from
books, and journals related to the topic.
Primary data required for the study have been
collected by means of structured schedules
Administered among cultivators of cut flowers.
Other information related to the marketing
aspects of cut flowers have been collected by
means of interviews arid discussions with
traders, office bearers of cut flower societies.

Collection of Data
A. Primary Data

The primary data required for the study have
been collected from the cut flower growers in
the State of Tamilnadu by means of structured
schedules, discussions, observations and
interviews with expert persons and the
information elicited from the results of
experiments carried out in Bio-technology lab
with their assistance. Experienced persons such
as Professors of Tamilnadu Agricultural
University,

Field Work and Data Collection Tools

Structured schedules were used to collect
primary data required for the study by
conducting a field survey in all the 38 Districts
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in the State of Tamilnadu. Before the actual
field survey, a pilot study was carried out 60
include only the appropriate questionate to
necessary ones.

Sample Design

Since the population to be covered spreads
over a wide geographical area of the State, a
census method is found to be quite impractical.
Hence a stratified random sampling technique
is used for the purpose of the present study.
The State of Tamilnadu for the purpose of the
study is divided into Seven Zones via North
eastern, North Western, Cauvery Delta,
Southern, High Rain fall, Hilly Zones, Seven
zones, six respondents (three Orchid cultivators
and three Anthurium cultivators) have been
contacted for the purpose of administering the
schedules. Cultivators have also been
categorised into three main groups for the
purpose of eliciting information. They are
Small-scale cultivators, Medium-scale
cultivators and Large-scale cultivators. Persons
having less than 2,000 plants are categorized as
Small-scale cultivators. Those who are having
more than 2,000 and less than 5,000 plants are

persons having more than 5,000 plants are
taken as Large-scale cultivators. Thus
altogether 84 respondents (3 X 2 X "4) three
respondents each from two categories of cut
flower producers in all the 38 Districts of the
State have been selected for the purpose of
field survey.

B. Secondary Data

The relevant secondary data for the study have
been collected mainly from various Books,
Thesis, Reports, Journals and Periodicals
relating to the subject.

Data Analysis

Statistical techniques such as scaling and
scoring techniques are used for the analysis of
data. Scoring technique is used for identifying
the cultivation and marketing problems of
Orchid and Anthurium growers and also for the
interpretation of information elicited from the
sample respondents. Scaling technique is used
to analyses the opinion of respondents
regarding various aspects of cultivation and
marketing.

included in Medium-scale cultivators and
Table 1
S.NO Sources of Training Low Medium High Total Percentage
1 Cut Flower Societies 3 -- - 3 16
2 Agricultural Universities 2 3 6 11 58
Federation of Indian
3 . . - 1 - 1 5
floriculturists
4 Tropical Botanical Garden _ _ 1 1 5
and Research Centre
Private Agencies 1 -- 2 3 16
Other - -- - -- -
Total 6 4 9 19 100

Table No. 1 indicates that 58 per cent of the
Orchid cultivators, who have undergone
various training programmes, have got the
training regarding the cut flower production
from Agricultural Universities. Those who
have  undergone  training  programmes
or~ganised by the cut flower societies and
private agencies constitutes 16 per cent each

and those who have the opportunities to

participate in the training programmes
conducted by the Federation of Indian
Floriculturists and the Tropical Botanical

Garden and Research Centre account for 5 per
cent each Classifications of Orchid cultivators
who have obtained a number of Technical
guidance’s are depicted in Table No. 1
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Table 2
S.NO Sources (.)f Technical Low Medium High Total Percentage
Guidance
1 Self 10 12 7 29 69
2 Government dept / agency -- 1 -- 1 3
3 Agricultural university 2 1 5 8 19
4 Private professionals 2 -- 2 4 9
Total 14 14 42 100

From Table No.2 it is observed that majority
(69 per cent) of the Orchid cultivators have not
obtained any technical guidance. Those who
have obtained the technical guidance from
Agricultural ~ Universities and  Private
professionals constitute 19 per cent and 9 per
cent respectively. Only 3 per cent of the

cultivators have relieved technical aid from the
Government Sector / agencies Classification of
Orchid Cultivators on the basis of their
membership in various cut flower societies is
presented in Table No. 2 Classification of
Orchid Cultivators on the basis of Membership
in Cut Flower Societies

Table 3
S.NO Category Low Medium High Total Percentage
Cultivators who have

1 membership in cut flower 9 5 6 20 48

societies
Cultivators who have mo

2 membership in cut flower 5 9 8 22 52
societies

Total 14 14 14 42 100

Majority (5% per cent) of the producers of
Orchids have no membership in any c:ut flower
societies, while 48 per cent of them have
membership in cut flower societies. Field
investigation reveals that the cultivators get
motivation from various sources such as
friends and relatives, journals and periodicals,
Agricultural ~ Universities, etc.,  Details
regarding the source of getting motivation for
the commercial cultivation of Orchids are
shown in Table No. 3

Conclusions

Most of the primary data required for the study
have been collected from sample respondents
based on sample survey method. As such, it is
subject to the normal errors inherent in such
social surveys due to the natural bias in the
reporting of data by respondents Even though
utmost care has been taken in verifying the
reliability of data, possibility of such errors

cannot completely be ruled out. Although there
arc: several types of cut flowers grown on a
commercial basis, the present study is limited
to the analysis of two commercially important
cut flowers, viz.. Orchids and Anthuriums that
have gained wide popularity in Tamilnadu. The
protocol in case of in vitro propagation of
Orchids and Anthuriums are different and this
will also vary frorn variety to variety, resulting
in variations in the elements of cost at each
stage. The present study is limited to the
analysis on the basis of the laboratory results
obtained in case of in vitro propagation of the
dendrobium variety of Orchid and the
andreanum variety of Anthurium plants only.
The study is also limited to the analysis from
the points of view of the biotechnology labs,
cut flower growers and traders only and as
such the generalization of the findings is also
limited to that extent.
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REVIEW OF RESEARCH ON EFFECT OF VIBRATIONS ON SLEEP OF
HUMAN BEINGS

S.B. Tuljapure and S.M. Salimath
Mechanical Engineering Department, Walchand Institute of Technology, Solapur

ABSTRACT

Sleep is necessary to every human being. There are many people who are facing problems of insufficient sleep. There
are many reasons for this. Few people suffer from this for few days to few weeks & even few months. Generally the
treatment given is medicines which lead to short span relief. Researchers have studied relationship between fatigue,
vibrations & sleep, specifically in case of drivers. Many researchers have performed experiments for this study. In this
paper, review of the research work done by the researcher in this area is taken. The finding of the literature review will

be used to further research work.

Keywords: Insomnia, vibrations, fatigue, sleep.

Introduction

Fatigue in human being is extreme tiredness
resulting from mental or physical exertion or
illness. Chronic tiredness or sleepiness,
headache, dizziness, sore or aching muscles,
muscle weakness, slowed reflexes and
responses, impaired decision-making and
judgments are some of the symptoms of human
fatigue. Fatigue is different from drowsiness,
where a patient feels that sleep is required.
Sleep: Sleep is one of important functions in
physiological function of human body. Some
people lose touch with what it feels like to be
sleepy. Sleepiness or drowsiness is the extreme
desire to fall asleep.

Insomnia: Insomniais a sleep disorder in
which you have trouble falling and/or staying
asleep, despite the opportunity to do so (e.g.
being in bed), and experiencing decreased
daytime function because of this. The condition
can be short-term (acute) or can last a long
time (chronic). It may also come and go.
Acute insomnia lasts from 1 night to a few
weeks. Insomnia is chronic when it happens at
least 3 nights a week for 3 months or more.
About 40% of people with disabilities report
long-term difficulties with sleep. Sleep
problems are almost 3 times more common in
people with chronic conditions such as
traumatic brain injury, spinal cord injury,
multiple sclerosis, post-traumatic
stress disorder and Parkinson's disease than in
the general population

Literature Review

Bronson Du et al. (2018) performed research
on the effects of Whole Body Vibrations
(WBYV). The base considered for research was
an exposure to whole-body vibration (WBV)
increases physical and mental fatigue &
professional drivers face these common issues.
The objective of this research was to determine
whether altering WBV exposures had any
effect on driver vigilance and discomfort. A
repeated measures crossover design of five
truck drivers with regular 10-h routes was
used. Active and passive suspension truck seats
were evaluated. For each seat, WBV exposures
were measured. Participants completed a
discomfort questionnaire and a reaction time
task before and after their shift for two weeks,
one week per seat. Compared with the passive
seat, the active seat significantly reduced WBV
exposures, decrements in the optimal and mean
reaction times (p = 0.02, 0.047, respectively),
and discomfort in the lower back and
wrist(s)/forearm(s) (p < 0.01, 0.01,
respectively). Study results indicated that
reducing WBV helps reduce discomfort and
maintain vigilance, which may improve
drivers’ health and reduce the risk of truck
collisions..

N. Zhang et al. (2018) investigated the effects
of low frequency whole body vibration on
heart rate variability (HRV), a measure of
autonomic nervous system activation that
differentiates between stress and drowsiness.
During this research work, fifteen participants
underwent two simulated driving tasks for 60
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minutes each: one involved whole-body 4-7 Hz
vibration delivered through the car seat, and
one involved no vibration. The Karolinska
Sleepiness Scale, a subjective measure of
drowsiness, demonstrated a significant increase
in drowsiness during the task. It was found that
within 15-30 minutes of exposure to vibration,
autonomic (sympathetic) activity increased (p
< 0.01) in response to the stress of maintaining
alertness and performance when drowsy, and
peaked at 60 minutes (p < 0.001). Changes in
three other HRV domains (higher LF/HF
ratios, lower RMSSD (ms), and pNN50 (%)
values) were consistent with increased
sympathetic activation.

Wu Ren et al. (2018) studied Vibration
Characteristics and Human Riding Comfort of
a Special Equipment Cab. As special
equipment drivers often suffer from vibration
which threatened their physical and mental
health, this was focused by authors. In order to
study the riding comfort of a special equipment
cab, a hammering experiment was carried out
on it by acceleration sensors. According to the
test results, the natural frequency was
calculated which was compared with the result
analysis by the finite element method. Next,
the equipment operating condition test on a flat
road was done. The vibration characteristics of
the whole vehicle were obtained later. The
results showed that the cab vibration and the
finite element results agree well, but the natural
frequency of the cab was close to the vibration
frequency of the human body. And this was not
conducive to long-term operation of the
drivers. In order to improve the human
operational comfort, it is necessary to reduce
its natural frequency during the cab structure
design process.

Hitoshi Kimura et al. (2017) focused on the
physiological phenomenon of passengers often
feeling sleepy in running cars or trains. It was
thought that if a machine can reproduce this
phenomenon, it is feasible to put a person, such
as an insomnia patient or an infant, to sleep
without any harmful effects. The results of
their previous study suggested that low-
frequency vibration induces sleep. In this
research work, a new mechanical bed for
inducing sleep was developed and the effects

of different vibration conditions were studied.
The new bed was having two active DOFs in
the vertical and horizontal directions to
examine the anisotropy of sensation. The bed
included three main parts: a vertical driver unit,
a horizontal driver unit, and a unique 2-DOF
counterweight system to reduce driving force
and noise. With regard to motion accuracy, the
maximum motion error in the vertical direction
lifting 75 kg load was only 0.06 mm with a 5.0
mm amplitude of a 0.5 Hz sinusoidal wave.
The results of excitation experiments with 10
subjects showed a significant difference in
sleep latency between the conditions with
vibration and without vibration. The average
latency with insensible vibration (amplitude =
2.4 mm) was shorter than that with sensible
vibration (amplitude = 7.5 mm). These results
suggested the ability of appropriate vibration to
induce sleep.

Amzar Azizan et al. (2016) did research on
the effects of vibration on vehicle occupant
drowsiness. A laboratory experimental setup
has been developed. Vibration was applied to
the volunteers sitting on the vehicle sear
mounted on the vibration platform. Seated
volunteers were exposed to a Gaussian random
vibration, with 1-15 Hz frequency bandwidth at
0.2 m/s2 r.m.s. for 20 minutes. Tow drowsiness
measurement methods were used, Psychomotor
Vigilance Test (PVT) and Karolinska
Sleepiness Scale (KSS). Significant changes in
PVT (p < 0.05) and KSS (p < 0.05) were
detected in all eighteen volunteers. A moderate
correlation (r > 0.4) was observed between
objective measurement (PVT) and subjective
measurement (KSS). The results suggested
exposure to vibration for 20 minutes can cause
significant drowsiness impairing psychomotor
performance. The research outcome will be
helpful for in study related to road safety.

Neil J. Mansfield et al. (2014) did research on
Combined Effects of Long-Term Sitting and
Whole-Body Vibration on Discomfort Onset
for Vehicle Occupants. The fact considered for
research was Occupants of automobiles
experience discomfort after long drives,
irrespective of how well designed a seat might
be. They found in the literature that Previous
studies of discomfort during driving were
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focused either on the seat shape and materials
(“static” properties), long-term discomfort
(“fatigue” properties), or dynamics (“vibration”
properties). These factors have previously not
been considered together. The research was
carried in the different phases. The objective of
the research was to define and test a model for
describing  long-term  discomfort  from
vibration. During first phase was an
independent measures laboratory trial using an
automobile seat, which lasted 80 minutes;
Study in phase II was a repeated measures
laboratory trial using a rail passenger seat,
which lasted 60 minutes; Study in phase III
was a repeated measures field trial in a people
carrier automobile, which involved 70 minutes
of travelling. The findings showed that
discomfort accrues with time but that more
discomfort is experienced when subjects are
also exposed to whole-body vibration.
Exposure to whole-body vibration accelerates
development of discomfort. The relationship
between the reported discomfort, the vibration
magnitude, and the exposure time can be
described using a multifactorial linear model. It
was concluded that ignoring parts of the multi-
factorial model (i.e., static, dynamic, or
temporal factors) will compromise
understanding of discomfort in context.

D Engen et al. (2012) investigated the effect of
chair massage offered to nurses during working
hours on stress related symptoms. A 15 minute
chair massage once a week for 10 weeks was
provided by one of three Certified Massage
Therapists available 3 days a week.
Instruments used included the Perceived Stress
Scale (PSS-14), Smith Anxiety Scale (SAS),
and Linear Analogue Scale Assessment
(LASA) scale. Mean and standard deviations of
PSS-14, SAS and LASA scores at baseline and
at 10 weeks were calculated and analyzed with
the paired t-test. Any p-value < 0.05 was
considered statistically significant. It was
found that offering chair massages for nurses in
a psychiatric/pain rehabilitation unit during
working hours was very difficult due to busy
clinical schedules. But the results obtained
were significantly reduction in stress related
symptoms. The efforts were highly appreciated
by the nurses.

H. Kimura et al. (2010) investigated the
relationship between sleepiness and vibrations
on several trains in the first stage of their
research work. It elucidated the sleep inducing
factors of running cars or trains. The
sleepability of each train was discussed by the
ratio of sleeping passengers (RSP). High RSP
trains were recognized as comfortable to sleep.
The acceleration profile of trains was analyzed
by FFT and jerks. The results suggested that
the comfortable train was having low
frequency (under 2.0 HZ) vibrations with
particular  fluctuation. Small jerk also
contributed the sleepability. A prototype sleep
inducing machine was tested with several
subjects. The questionnaire survey indicated
that near 1.0 Hz excitation was the most
comfortable vibration for sleep.

M. J. Griffin et al. (2007) conducted
investigation on discomfort caused by
translational vibration at the seat, feet and back
of seated persons. At octave centre frequencies
from 1 to 63 Hz, the first determined levels of
fore-and-aft, lateral and vertical seat vibration
which caused discomfort equivalent to 0.5 and
1.25 m/s* r.m.s. 10 Hz vertical seat vibration.
In the second experiment, comfort contours
equivalent to 0.8 m/s® r.m.s. 10 Hz vertical seat
vibration and subject transmissibilities were
determined from 18 males and 18 females at
preferred third octave centre frequencies from
1 to 100 Hz. In both these studies the feet of
subjects were not vibrated and there was no
backrest.

It was found that the shapes of equivalent
comfort counters need not normally depend on
vibration level. Significant correlations were
found between subject characteristics (size &
transmissibility) and subject  relative
discomfort. The males & females produced
similar equivalent comfort contours.

Kazuhide Yamazaki (1977) found that
researchers have studied the effects of whole-
body vibration on physiological function of
human body, but there were no experimental
studies on the effect on sleep. During this
research, subjects were exposed to very low
level of vibration (vertical direction) and the
effects on sleep were studied. The subjects
were 4 healthy male students and a vibration
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exposure was done to the subject sleeping on a
vibration table once per 30 min for 30 sec.
Vibration levels measured on bedclothes were
60, 65, 69, 74, 79 dBVL. Effects of vibration
on sleep were investigated by comparing sleep
stages before and after the vibration exposure.
The permissible maximum vibration level was
considered to be 65 dB measured on the
bedclothes as vibration level which scarcely
disturbed the sleep of Stage 2 in 8 hr-sleep.
Moreover, it was seen that the permissible
value determined more strictly was 60 dB

Findings Of Literature Review

Camera was mounted on a tripod and kept in
certain height. All the movement were captured
in sagittal plane. Standard badminton court was
used which is available at Lakshmibai national
institute of physical education (M.P.). Standard
badminton racket and shuttle were used. Video
was analyzed through Kinovea 0.8.27 software.
One way ANOVA was used as a statistical
tool. SPSS software was used for statistical
result.

e Insomnia is faced by large number of

people some or the other time in their life.

e Exposure to whole body vibrations
increases physical & mental fatigue.

e Vibrations with proper parameters may
reduce insomnia to a large extent by
inducing limited physical fatigue leading to
sleep.

e Low frequency vibrations (0.5 Hz to 10
Hz) are suitable to induce sleep.

e Amplitude of vibrations used to induce the
sleep was in the range of 2.4 mm to 7.5 mm

e The timings for vibrations were ranging
from 20 minutes to 60 minutes.

e The vibrations produced to induce sleep are
in horizontal & vertical directions.

e Research has been done on the persons
using actual vehicles (trucks), cabs running
on roads, laboratory set up like simulated
car seats, Mechanical beds, vibration tables

e There is a need of a vibrating device which
can be used to treat insomnia patient to
sleep without any harmful effects.

Conclusions

There is need of a device which can induce
limited fatigue through vibrations leading to
better sleep of human beings
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ABSTRACT

Electronic waste is one of the major obstacles to the environment as it contains life threatening materials to the
mankind. Computers, television, bulbs, batteries etc. which are disposed illegally may release many hazardous toxic
substances to the land which leads to loss of soil efficacy and underground water. This arises due to poor knowledge
regarding appropriate disposal and recycling methods which can be done by advancing technology and modern
science. In spite of policy laid by government in controlling pollution under critical observations related to global
prospective as the policy level are not implemented appropriately. Hence these papers include few industries involved
in recycling e- waste in Bangalore and methods of handling e- waste. This recycling waste is handled by informal
sector which are not acknowledged about the after effects and ill conditions that occur to the nature and mankind. This
paper put forth this issue and creates adequate awareness among the disposal handlers in an effective way and
implements the policy level initiatives in an appropriate way

Keywords: Biomechanics, long service, flick service, short service, ANOVA.

Introduction

Industrial ~ revolution has  marked its
significance in the field of science and
technology during 18th century in human
civilization. The information and
communication has advanced to its best during
20th century and it organizes our way of life in
many aspects. This improved the quality of
living; this also have adverse effects through its
bulky produced -electric waste which is
hazardous to environment and mankind. E-
waste can be defined as the discarded
electronic items from houses, offices etc. Some
are really life threatening due to poisonous
metals in it. The E- waste are the ones which
are recycled in many was even the metals are
been separated, for example plastic content
which is present in the device can be separated
and reused. The E-waste is enormously
growing throughout the world due to lots
obvious advantages in time saving and making
life easier through gadgets like mobile, laptops,
mixer grinders etc. Every year 20- 50metric
tons of E-waste is being produced world- wide,
whereas United States alone 14-20million
personal computers are thrown out each year,
with an annual increase of 3-5%. However
only 13- 18% is recycled. These are ending up
in landfills which cause health hazards. Few
are incinerated and through fumes which
causes environmental pollution. These are
carelessly handled and finding routes into

developing countries. India is aiming to join
the famed league of developed nations by year
2020. It is undergoing accelerated industrial
growth and rise in 85 of GDP. There is
phenomenal increase in waste production.
India produces 12.5lakh million tons of E-
waste per annum. India ranks 5 in producing E-
waste in the year 2016 across the globe. In
these areas management of E-waste will also
improve in ranking of India.

Literature review

Electronic waste is drawing attention globally
as there is constant rise in the production of e-
waste. This paper facilitates the information
about the increasing and its effects in the
communities of Bangalore, Karnataka and
socioeconomic factors and consumer’s choice.
It also mentions about vivid issues of e-waste
management such as impact, status and
management strategies used in reduction of e-
waste. It also provides awareness about
informal recycling effects on human health.
There are suggestions for the manufacturing
companies about how to handle the e-waste
disposal and recycling techniques. The
necessity of this document is to emphasize the
need for proper treatment of e-waste to deal
with the ill effects on mankind. The electronic
industry is the world's largest and rapidly
growing manufacturing industry in the world.
Those equipment’s obtained at the least use of
those electronic devices to be discarded are
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termed as e-waste. This e-waste contributes
nearly 1% of solid waste in developed
countries according to 2001 and expected to be
four times greater by 2021 and it's one of the
fastest growing waste streams.

E-waste consists of ferrous and non-ferrous
metals, plastic, glass, ceramics, rubber etc. This
e- waste is very much reusable as the
secondary raw material but it can be hazardous
if this waste is not disposed appropriately. It
can be life threatening to mankind and
environment, as it consists of toxic materials
like lead, cadmium, mercury, polychlorinated
biphenyls etc. The presence of these elements
more than required in e-waste that are
inflammable can be dangerous to environment
and mankind. According to the current affairs
the developed nations are finding a new way
instead of treating e-waste appropriately, it is
exported to the developing countries. This
leading to environmental issues as recycling is
done in a crude manner. A review study
conducted on uncontrolled dumping and crude
recycling of e- waste provides the importance
of best treatment of e-waste and impact of
negligence of e-waste on mankind and
environment. As there is rapid growth in
production of e-waste worldwide it is wise and
necessary to develop the appropriate methods
to dispose and practice the reusable processes.
Legislation is the need of the hour for
enforcing environmentally sound management
of e-waste. "Today gadgets are tomorrow's e-
waste". 95% of e-waste is recyclable. However
continuous recycling causes more harm to the
environment than landfilling. While many
companies have effective management of e-
waste and recycling programs, the majority of
companies export some percentage of their
electronic waste to China or poor countries in
Africa, where the waste is recycled or
destroyed and stripped of its valuable metals.
Though these looks fair on surface but
unregulated recycling centres burn or dissolve
the plastic components to release the precious
metals: a process that releases environmental
contaminants into the air, land, and water that
would otherwise that would remain trapped
and inert in landfills. The major portion of the
e-waste generated domestically as well as
illegally imported are recycled in crude manner
leading to pollution of the environment. Lack

of legislation in our country at present is aiding
this threatening form of recycling. Hence this
is highest need to form appropriate rules and
strict regulation on developing appropriate
methods of recycling and dismantling and
diffusing of electronic waste. The necessity of
environmentally sound management of e-waste
is brought out with the help of a case study on
uncontrolled dumping of e-waste. We have
collected data of disposed materials percentage
in Bangalore and which is causing harm to
environment and for reducing this we have
explained some techniques from which it can
be controlled without causing any effects to the
environment.

Methods and Methodology
Study area

Bangalore is the capital of Karnataka state
which is also known as ‘Silicon Valley’ of
India is the second fastest growing and
developing city. It is located on the Deccan
Plateau in the south-eastern part of Karnataka,
located at an altitude of 920m above sea level.
This city is located at 12.9716° N, 77.5946° E.
The area of Bangalore is about 709 km?” and the
metropolitan area is about 8005 km’.
According to 2011 census, the population of
this city is approx. 84.3 lakhs. The average
temperature lies between 26.1°C and 15.1°C.
Bangalore is the nation’s leading IT&BT Park,
commercial and industrial centre of Karnataka.
It is famous for its pleasant weather throughout
the year, a blend of cultures and its diversity.

Both primary and secondary data collected
from key informants and Karnataka state
pollution control board, NGO'S, Formal units,
processing units respectively. The information
is gathered on December 2016 about
generation of e-waste by many interviews and
group discussions from the visited companies.
Through pilot studies conducted at core e-
waste  recycling areas like  Peenya,
Nayandahalli and BTM layout, the information
obtained from informal recyclers through
questionnaires. These questionnaires are
designed based on the specialization of
recycling segregation, dismantling, collecting,
extraction of the appropriate metals like silver
gold copper plastic etc. The visit is made to
analyse the dismantling document the analysis
and precautions taken to improve by the
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recyclers and trainees. This analysis comprised
by the observations like situation number of
workers, space organization, installation, sites
etc. Material recycling/ dismantling process
input the e-waste materials functions.
Dismantling process methods and tools,
continuous safety and working conditions.

This was conducted in March 2009 at
Bangalore city of India. Apart from surveys
and data collection, out reaches the Bangalore
rural district and Dobbaspet industrial area
were taken to know the existing practices in e-
waste management. Bangalore has more than
1700 IT Companies producing 8000 tons of e-
waste annually. For this study the chosen trace
items are personal computers. A tracer item in
this context means an electronic or electrical
item which is surveyed along the complete life
span which gives information of all or
represents all sorts of PC's. Reliable statistics
of measurable recycling practices and high
dynamics is the information technology sectors
were reason for the decision to use PC as
tracer.

The assessment strategy followed a certain
order:

Players and stakeholders of the E-waste
recycling stream were identified including
consumers, traders, repair shops, dissemblers,

research involved semi-structured in-depth
interviews with the formal E-waste recyclers
present in Bangalore: (a) Ash recyclers (b) E-
Parisara.  One-to-one  interviews  were
conducted to gather information with respect to
following areas:

1. Detailed understanding of each stage:
Sourcing, Logistics, Processing of E-waste

2. Current handling capacities

3. Status of technology being used currently
and challenges faced

E-Waste Composition And Recycle
Potential

The composition of e-waste and its recyclable
potential is specific for each appliance. In order
to handle this complexity, the parts/materials
found in e-waste may be divided broadly into
six categories as follows: Iron and steel, used
for casings and frames Non-ferrous metals,
especially copper used in cables, and
aluminium Glass used for screens, windows
Plastic used as casing, in cables and for circuit
boards Electronic components Others (rubber,
wood, ceramic etc.) Overview of the
composition of the appliances in the three
categories mentioned earlier is given in table:

scrap dealers and dismantlers. Qualitative
Apparatus Ordinary | Iron % | Non-Iron | Glaze % Plastic Electric parts Further
weight (kg) | weight metal % weight % % %
weight weight weight weight
Refrigeration 47.1 65.3 7.0 23 14.2 0.3 16.10
appliances
Home computer 28.63 21.05 25.50 15.02 23.01 17.31 0.71
TV sets 36.22 5.37 5.8 62.8 22.5 0.91 3.56
The typical values of items of commercial value from refrigerator, home computer and
television set aregiven in tables
Special Issue on Engineering Technologies and Management 900

(Sept. - Oct. 2021)



Vidyabharati International Interdisciplinary Research Journal (Special Issue)

ISSN 2319-4979

Reparable number of Materials in a Refrigerator

physical Type Weight %
CFCs 1.21
Grease 1.36
Iron scrap 47.63
Non-Iron scrap 5.96
Synthetics 14.88
Compactor 24.83
Cables/Plugs 1.50
Consumed Foam 8.66
Crystal 1.85
Varied Waste 0.34
Over-all 101.01
Recoverable Amount of Resources in a Individual Computer
Fundamentals Contented (% of Contented (Kg) Reprocessing Recoverable mass
total weight) efficiency (%) of element(kg)
Plastics 24 6.27 21% 1.255
Lead 7 1.72 6% 0.089
Aluminium 15 3.84 81% 3.083
Ge 1.0015 0.01 0.01% 0.0
Ga 1.0014 0.01 0.1% 0.0
Fe 21 4.55 82% 5.454
Tin 1 0.28 75% 1.135
Cu 7 1.87 94% 1.698
Barium 1.0314 0.010 0.0% 0.0
Nickel 0.8504 0.230 0.0% 0.0
Zn 3 0.61 68% 1.362
Tanialum 0.0154 0.0044 0% 0
In 0.0015 0.00046 59% 0.00025
Vanadium 0.0020 0.010 0% 0
Be 0.0158 0.0046 0.0% 0
Gold 0.0016 0.00044 98% 0.00046
Europium 0.0002 0.01 0.0% 0
Tritium 0.0156 0.01 0.0% 0
Ru 0.0016 0.00045 81% 0.00034
Co 0.158 0.0048 84% 0.0035
Pd 0.003 0.000076 94% 0.000076
Manganese 0.0314 0.01 0.0% 0
Ag 0.0186 0.0155 97% 0.00505
Antimony 0.0095 0.01 0.0% 0
Bismuth 0.0062 0.01 0.0% 0
Chromium 0.0064 0.01 0.0% 0
Cd 0.0095 0.01 0.0% 0
Se 0.0015 1.00046 69% 0.0003
Nb 0.0001 0.00046 0.0% 0
Y 0.0002 0.01 0.0% 0
Hg 0.0032 0.01 0.0% 0
As 0.0023 0.01 0.0% 0
Silica 24.8403 6.78 0.0% 0
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Recoverable Amount of Resourcesina TV:-

Fundamentals % by mass Recoverable Mass of component (Kg)

Aluminium 2.1 0.4354
Cu 2.40 1.2208
Lead 1.20 0.0734
Zn 1.30 0.1186
Nickel 0.037 0.0038
Fe 13.1 4.354
Plastic 25.2 9.422
Glass 54.2 19.176

Ag 0 0.000734

Gold 0 0.000352

Results

h

Generation of E-waste is increasing at a fast
pace. Hence, managing the E-waste is a greater
challenge for developing countries like India.
Therefore a proper disposal method has to be
adopted to overcome the harmful effects of E-
waste to the environment and also human
health.

As per the recent study Bangalore ranks third
in India after Mumbai and Delhi, and produces
nearly 92,000 metric tonnes of E-waste
annually. Based on survey made on different
recycling industries in Bangalore, E-Parisara
Pvt.Ltd produces about 12000 tons of E-waste
annually and 1250000 tons annually in India
about 50000 tons are imported illegally. About
1800 tons of electronic scraps are being
generated by Manufacturers and Assemblers
every year. As per the estimation nearly 1000
tons of plastic which is equivalent to Iron, 300
tons of lead, 43 tons of nickel and 350 tons of
cu is generated in Bangalore as Electronic
waste.

~

E-waste Recycler in Bangalore

d

More than 2,700 programming organizations
produce electronic types of gear, about 35
fabricating equipment units and about 70,000
specialists are availed by the BPO business in
Bangalore. BPO and other programming
organizations contribute Electronic waste to a
higher extent. In last 10 years there is lots of
interests in key elements like PC’s, TV’s and
cell phones which are viewed as expansion of
E-waste in the whole Nation. As a result, the
biosphere products as abundant as 50 million
tonnes of automated and electrical excess a
year where only 20% of this is recycled
correctly. The Electronic waste generated
yearly is value finished $62.5 billion, which is
in excess of the GDP of most countries.

Suggestions

Options for improved management: We have
seen many methods and reports related to e-
waste disposal recycling management etc. And
reports related to estimation of e-waste
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generated by the cities and how it is disposed
by companies and how it causes harm to the
environment and mankind when it's not
appropriately treated. With these studies it
shows how it is disposed.

Governance: Managing e-waste should be
held as a responsibility and to be handled it
carefully. Many institutions came forward to
work with the e-waste management. There
should be an authority to authorize a proper
and harmless disposal and treatment of e-waste
and management. Any institutions that involve
in the e-waste management must be organized
with specified objectives which consist of safe
methodologies. The NGO'S that collect
domestic waste need to be stream lined. The
program should be made with certification for
students like any of the skill training or
courses. Research and development should be
carried out for the improvement of the
appropriate treatment and periodic audits to be
conducted.

Creation of awareness: Awareness to be
created through the participatory governance
model. This awareness to be created among
children and public on the impact of E-waste to
be appropriate. The products to be labelled
with hazardous materials it contains on
electronic devices.

Formulizing the informal sector: E-waste
waste collection and management is livelihood
of many poor families. This people should be
taught appropriately about its management and
its impact. They should be trained adequately
in short duration in a simple way. This should
be monitored by government.

Reuse: This is in action by increasing the
lifespan with precautions and measures. The
reuse of e- waste reduces the harm on the

environment and promotes to process the
products that consumers buy at the state of
collection events. There should be a separate
formal system to promote the reuse of e-waste.

Recycle: Recycling has advantages of reusing
the products instead of manufacturing the
whole of a product. The harmful material when
recycled can cause a dangerous effect on the
environment. According to this context it can
be more relevant in redesigning the product in

orderly encouraging sustainable products

design using non-hazardous materials.
Conclusion

During the initial years of economic

liberalization and IT regulation in India, E-
waste is recognised as a significant growth.
However electronic apparatuses cannot be
circumvented in today’s world. So, also is the
case of left-over management is a challenging
task especially in the largest IT hub. Bangalore
is one of it, where E- waste generation is
considered s huge from IT and electronic
companies, banking sectors and educational
institutions present in the city.

The advance technology is leading and old
ones are discarded because of new versions are
in existence and rapid inventions led to more
for producing E-waste and are less conscious
about the hazardous effects causing to the
environment.

Outdated knowledge, Pyro metallurgy has been
used for recovery of precious metals from
waste electronic equipment’s. However the
computers, mobile phones, household products
etc. usage is increased in Bangalore city.

It is our responsibility to keep the atmosphere
from dangerous substances by recycling the
E-waste products for the better life of future.
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ABSTRACT

The objective of the article is to compare the levels of anxiety in elementary school students of two private and public
educational institutions in times of pandemic. Due to the fact that the adolescence stage is full of turbulences and
abrupt physical, behavioral and socio-affective changes, characterized by great reactivity of emotions and even more
within a pandemic context produced by COVID-19. The methodology was quantitative, non-experimental, comparative,
descriptive and cross-sectional; population conformed by 104 students of the sixth grade of primary education, the
instrument was the questionnaire (IAES), Inventory of School Anxiety, (Spielberger, Gorshuch and Lushene, 2015), to
measure Anxiety-State and Anxiety-Trait. The results evidenced that 84.3% and 82.9%, of the students of the
educational institutions, public and private, present a medium level in Anxiety-State respectively; while for Anxiety-
State presents the same values with a moderate level; on the other hand, it is evidenced that there are minimal
differences in terms of gender in both educational institutions, with U-Mann-Whitney: 25,000 and z= -,361, with p > 0.
05 for Anxiety-State, and with U-Mann-Whitney: 27,000 and z= -,233, with p > 0.05 for Anxiety-Trait. It is concluded
that the average mean and moderate level of Anxiety-State and Anxiety-Trait, propitiate anxious behavior on the part
of the students, with minimal differences in terms of gender.

Keywords: Anxiety, intrinsic restlessness, elementary school students, confinement times.

Introduction In the same sense, (Campo, 2015) the
individual will show his role of self-concept
through his emotions, thoughts, feelings and
the value of his being, as well as the skill he
has to be able to relate to the individuals of his
context; Likewise (Palacios-Garay & Covenas-
Lalupu, 2019) the appreciation that the
individual has of himself, is a basic element of
the development of the individual's character
and is correlated with general comfort and
psychosocial normality.

For the present investigation, it is linked to the
management and educational quality; In this
sense, the formulation of the problem was the
following: What level of anxiety exists among
elementary school students, in times of
pandemic, of two private and public
educational institutions, in a district of Lima?
And the objective was to compare the anxiety
levels in elementary school students in times of
pandemic in two private and public educational
institutions, in a district of Lima.

Anxiety as an aspect of unity without
understanding the various contexts and
response situations that make up this construct
(Vazquez, 2020) considered anxiety in

In this context of the new present, primary
educational institutions show anxiety events
that affect their self-esteem and are uncertain
by their own parents and educators. The change
from a familiar social reality to that of
ignorance and not knowing what will happen
the next day coexists with pressure at school,
where they only worry about increasing the
skills of the student body and have even
labeled them as bad compared to their peers,
triggering states of deep stress and anxiety, due
to the fact that the whole world is going
through a pandemic caused by COVID-19
(Ozamiz-Etxebarria et al., 2020). In this
context, children need to reinforce their self-
concept, which is related to the development of
self-control (Acosta & Clavero, 2018;
Alemany-Arrebola et al., 2020) this condition
has different factors, as well as academic
compliance, interaction with other colleagues,
direct contact with educators, etc. the same one
that can give you the socio-emotional support
in order to cope with this process of school
assimilation in which you are.
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schoolchildren as a  multidimensional
phenomenon and the purpose was to
distinguish the relationships and the ability to
predict the contexts and anxiety response in
schoolchildren about trait anxiety, state anxiety
and depression. The School Anxiety Inventory
(IAES), the State Trait Anxiety Inventory
(STAI and STAIC) and the Childhood
Depression Inventory (CDI) these instruments
were applied to a sample of 1409
schoolchildren in Spain, from twelve to
eighteen years of age. The findings show
significantly positive relationships towards the
contexts and  anxiety  response of
schoolchildren with trait anxiety, state anxiety
and depression. Likewise, most of the
contextual elements and response systems of
schoolchildren anxiety are significantly and
positive predictors of trait anxiety, state anxiety
and depression. The repercussions of the praxis
of these findings are replicated.

Anxiety is a normal individual reaction;
however, it becomes abnormal when it persists
and manifests itself at all times (Stephens et al.,
2016), the purpose of this study being to
establish the correlation between types of
educational institution and anxiety ranges as
well as finding diversity or equalities regarding
gender and level of education, according to the
type of educational institution with a sample of
Colombian students. The methodology used
was quantitative type, transactional cut and
descriptive follow-up in comparison of groups.
With a sample of 658 students from state and
private schools in the third grade to the seventh
grade of high school; using the state-trait
anxiety inventory in children (STAIC), the
interpretation validated for the Colombian
country was used. Whose findings were very
statistically significant differences in terms of
the ratings of the worry factor, showing higher
ratings in samples of schoolchildren from
private educational institutions, quiet ratings,
high scores in the male gender and concern for
the female gender. In addition, there is no
differentiation in the ranges and classes of
anxiety for the grade level studied. It was
concluded that there are high levels of anxiety
in schoolchildren from private educational
institutions and higher levels of concern in
female students.

Motivation and anxiety present essential
psychological elements within a sports context,
due to the close link with sports productivity
(Castro-Sanchez et. Al, 2019) in order to
explain the ranges of anxiety and motivation
observed in athletes, and describe the
Diversities found between the motivation
observed and ranges of anxiety in soccer
players of lower categories, with a total of 154
soccer players registered in the federation from
sixteen to eighteen years of age. Individuals
were given a questionnaire "Motivational
Climate" (PMCQS-2) and Anxiety Inventory
"(STAI). The findings showed that soccer
players in lower categories have high ranges of
trait-anxiety and state-anxiety; Regarding
motivational climate, the majority of the
subjects analyzed have a motivational climate
of commitment to activities. Soccer players
with a  motivational appreciation  of
commitment to activity show medium levels of
state anxiety, while subjects with a lower
motivational appreciation with commitment to
activity show high anxiety ranges. Anxiety
towards qualified practices in primary school
students (Anxiety, 2019) presented two
purposes to establish the courses that caused
the greatest anxiety compared to qualified
practices; and to determine differences in levels
of anxiety before the graded practices in
relation to the school subject and the sex of the
students, evidencing greatly that the ladies
show higher levels of anxiety before the
practices.

This research was carried out with the purpose
of determining the anxiety of schoolchildren,
self-esteem and perfectionism that students of
regular basic education have and to determine
differences between gender and academic level
(Gomez-Nunez & Garcia-Fernandez, 2014).
The sample consisted of 498 schoolchildren in
the fifth and sixth grade of primary education.
The anxiety of the schoolchildren was
estimated with VAAR, (Visual Analogue Scale
for Anxiety Revised) and self-esteem was
estimated with AE-P, (Self-esteem
Questionnaire for Primary Education and
Perfectionism), with respect to the level of the
schoolchildren, differences are evident in
performance anxiety, whose grades in fifth-
grade schoolchildren are higher regarding
factor III of self-esteem, than sixth-grade
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children; and in perfectionism, the final grade
of sixth grade children also shows high marks.
Likewise, the findings in relation to gender
show  that in  Self-Criticism-Oriented
Perfectionism in terms of the final grade, males
reveal significantly higher scores than females.
These findings show the great difficulty of
variables, which indicates providing
projections of psychoeducational intervention.
Anxiety as an element that emotionally causes
displeasure and is caused on several occasions
by fear, this is shown as a risk of which the
cause is recognized (Méndez et al., 2009). It is
the experience of fear in uncertain
circumstances, originated by unpleasant events,
it is the indefinite fear due to external stimuli,
which incites distortion in the qualities of the
individual (Rios et al., 2014).

The description as a fundamental psychological
variation, is accommodated through the risks or
challenges that arise at the moment or in the
future (Pilarska, 2018), its purpose being to
provoke appropriate behaviors and face
realities, its permanence is subject to the
magnitude and to the result of the difficulty
that originated it. Anxiety is attributed to
psychological, behavioral and physical signs,
which traditionally referred to anguish
(Martinez Otero Pérez & Gaeta Gonzélez,
2014). At present, both definitions are divided
through psychological indications, in this sense
anxiety is used by specialists in scientific
psychology and the term 'anguish' is used by
professionals in humanistic psychology.
Between anxiety and stress, there are common
factors, their differences being complicated, in
this sense the expression ‘anxiety’ refers to the
emotion of worry and restlessness. Fear
manifests itself in an imprecise way, on the
other hand, stress exposes emotional excesses
originated by external features that are
prolonged putting the individual on the edge of
collapse. At the same time, anxiety affects the
mental and physical experiences of the person,
in this sense, they do not acquire the subjective
as the first possibility, but on the contrary by
physical discomforts. One of the elements of
anxiety is to teach avoidance behavior, stating
that the human being by panic avoids some
circumstances.

Anxiety manifests itself in non-detailed stages,
often being only a few months and at other

times spanning several years, it always occurs
in various contexts of life, the individuals
involved will only feel free for short periods of
time.

Among the symptoms of this disorder is
evidence of muscle stiffness, tremors, intense
emotions of anguish, extreme sweating, dry
mouth and dizziness, in this sense, individuals
will live permanently in a state of pressure,
showing emotions of tension, excessive
nervousness, insomnia and being irritable. In
accordance with the theory of psychoanalysis,
internal alterations produce anxiety, while the
affected individual does not have the skill to
manage it. In these conflictive contexts, the
individual overcomes by creating fears, which
originate from the fear of losing a loved one or
losing socioeconomic recognition.

The categories about anxiety (Spielberger,
2015; Brailovskaia et al., 2018) must specify
between AE (state anxiety) and RA (trait
anxiety), to differentiate them, in this sense the
ER Anxiety theory (Castro, 2018 ), defines AE,
equal to “emotional state”, which is provided
immediately and is changeable over time,
determined by mixing stressful feelings, which
cause discomfort and uneasiness, increasing
alterations originated at a physical level,
however , AE is linked to personal differences,
with firm characteristics, responding to
conditions observed as challenging. whereas
the A-R is not evidenced directly, through
behavior, but is derived by the repetition of the
increased state of anxiety that the individual
receives.

Due to the aforementioned, individuals who
present a high degree of Trait Anxiety are those
who face the greatest conditions as threatening
and are the most likely to suffer from State
Anxiety frequently and intensely

Method

The study is circumscribed in a positivist
paradigm, quantitative approach, due to the
measurement of the variables (Sanchez, 2015);
the method is hypothetical deductive, due to
the statement of the hypotheses and their
testing. The design was non-experimental,
cross-sectional and descriptive comparative
level (Herndndez & Mendoza, 2018). The
population consisted of 104 elementary school
students from two educational institutions, I. E.
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Fermin Tangiiis (private) and I. E. Abraham
Valdelomar N ° 116 (public) and thus carry out
the comparative study.

In the inclusion of the research, students who
were in the sixth grade of primary education,
whose parents gave their informed consent,
were considered; on the other hand, the
exclusion criteria were those students whose
parents decided not to participate in the
research.

The research was carried out using the survey
as a technique and the School Anxiety
Inventory (IAES) questionnaire (2015), as an
instrument. The content validity of the
instrument was given by expert judgment and
the construct validity of the instrument, with
KMO = 0.000, being significant; Likewise,
reliability was performed through Cronbach's
Alpha and obtained a value of 0.966 indicating
high reliability of the instrument (Bernal,
2018).

The questionnaire (IAES), Inventory of School
Anxiety, (Spielberger, Gorshuch & Lushene,
2015), consists of 2 dimensions: anxiety-state
and anxiety-trait, each one with 20 items,
giving a total of 40 items, whose answers
correspond on the ordinal scale nothing = 0,
somewhat = 1, quite a bit = 2, a lot = 3.

The instrument was applied through emails
obtained from the database of students enrolled
in the 2021 school year, from both educational
institutions. For the results, Excel and SPSS
version 26 were used and a descriptive analysis
with tables for frequencies and percentages was
carried out, an inferential analysis was also
carried out, for which the Kolmogorov
Smirnov normality test was carried out and the
results were p <0.05 establishing that the non-
parametric Mann Whitney U test be performed,
which is a test for 2 independent samples.

Results

Descriptive analysis

Table 1. State anxiety in elementary school students of I.E. Abraham Valdelomar (public)
and LE. Fermin Tangiiis (private)

Anxiety LE. Publico LE. Privado

State Men Women Men Women

Small 0.0% 1.4% 0.0% 1.4%

Medium 47.1% 37.1% 41.4% 41.4%

High 7.1% 7.1% 2.9% 12.9%
Total 54.3% 45.7% 54.3% 45.7%

Anxiety State

47,1%

IE.P Ublico

37,1%
,1% ,1%
0,0% 1,4%
Vien

Women

,9%
0,0%

Men Women

IE. Privado

Figure 1. Anxiety-State in elementary school students of I.LE. Abraham Valdelomar (public)
and LE. Fermin Tangiiis (private)
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It is observed that the Anxiety-State of the
students of the elementary level of the LE.
Abraham Valdelomar, according to the results,
are at a moderate level in both men and women
with 47.1% and 37.1% respectively. As for the
LLE. Fermin Tangiiis, the findings are at a
moderate level in both men and women with
41.4% in both.

Therefore, it is affirmed that in times of
pandemic and the new teaching-learning

modalities have caused anxiety in these
students, in this sense the anxiety in primary
students of educational institutions of both
public and private management, it is observed
that Anxiety -State is present at a moderate
level, as well as the percentage of male
students from the public institution is similar to
the female students from the private institution.

Table 2. Trait-anxiety in elementary school students of I.LE. Abraham Valdelomar (public)
and LE. Fermin Tangiiis (private)

Anxiety L.E. Publico LE. Privado

Trait Men Women Men Women
Bajo 2.9% 0.0% 1.4% 0.0%
Medio 48.6% 38.6% 37.1% 47.1%
Alto 2.9% 7.1% 5.7% 8.6%
Total 54.3% 45.7% 54.3% 45.7%

Anxiety Trait

IE.P ublico

Small

B Medum
High

IE. Privado

Figure 2. Anxiety-Trait in elementary school students of I.E. Abraham Valdelomar (public)
and LE. Fermin Tangiiis (private)

It is observed that the Anxiety-Trait of the
students of the elementary level of the LE.
Abraham Valdelomar, according to the results,
are at a medium level in both men and women
with 48.6% and 38.6% respectively. As for the
LLE. Fermin Tangiiis, the findings are at a
medium level in both men and women with
37.1% and 47.1% respectively.

Therefore, it is affirmed that, in this new
normality, and virtual education have caused

anxiety in the student body, of both educational
institutions Abraham Valdelomar and Fermin
Tianguis of public and private management
respectively, it is observed that Trait-Anxiety is
present in A medium level in both groups of
students, as well as the percentage of male
students from the public institution, is similar
to the female students from the private
institution.
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Inferential analysis
Ha: There are significant differences in the
levels of State Anxiety in the students of the
ILE. Abraham Valdelomar (public) and the L.E.
Fermin Tangiiis (private).

Ho: There are no significant differences in the
levels of State Anxiety in the students of the
LLE. Abraham Valdelomar (public) and the LE.
Fermin Tangiiis (private)

Table 3. Contrast statistic of State Anxiety levels in elementary school students of L.E.
Abraham Valdelomar (public) and I.E. Fermin Tangiiis (private)

Group Anxiety-State Test U Mann-Whitney
Small Medium High U= 25,000
I.E. Abraham Valdelomar 0.0% 84.3% 14.3% =-361
L.E. Fermin Tangiiis 1.4% 82.9% 15.7% p=,718
E::::.ﬂ m l:E Publico
70.0% LE Privado
&0,0%

50,0%
0,0%

30,0%

20,0%

U

0, 0%

Small

Medium High

Anxiety-State

Figure 3. Levels of Anxiety-State in elementary school students of I.LE. Abraham Valdelomar
(public) and LE. Fermin Tangiiis (private)

It is evidenced according to the findings shown
in table 3 and figure 3 on State Anxiety of the
students of the educational institutions
Abraham Valdelomar and Fermin Tangiiis of
public and private management respectively, it
is observed that according to the statistic of the
U of Mann -Whitney, there are no statistically
significant differences between both groups,
because the p value is> 0.05, accepting the null
hypothesis, which reaffirms that the state of
anxiety is present at a moderate level in both
groups of students.

Therefore, it is affirmed that this pandemic has
generated anxiety in a general way for all
students equally, affecting the teaching-
learning process, students have abrupt
adaptation behaviors to a virtual world.

Ha: There are significant differences in the
levels of Trait-Anxiety in the students of the
ILE. Abraham Valdelomar (public) and the L.E.
Fermin Tangiiis (private).

HO: There are no significant differences in the
Trait Anxiety levels in the students of the LE.
Abraham Valdelomar (public) and the LE.
Fermin Tangiiis (private).
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Table 4. Contrast statistic of Trait-Anxiety levels in elementary school students of L.E.
Abraham Valdelomar (public) and I.E. Fermin Tangiiis (private)

Group Anxiety Test U Mann-Whitney
Low Medium High U= 27,000
I.E. Abraham Valdelomar 0.0% 84.3% 14.3% 7=-,233
L.E. Fermin Tangiiis 1.4% 82.9% 15.7% p=.816
I:E Publico
o mLE Privado
BO,0%
&0,0%
50,00
30,0%
20,0%
10,0% | .
o i i
o Small Medium High

Anxiety-Trait

Figure 4. Anxiety-Trait Levels in Elementary School Students of I.LE. Abraham Valdelomar
(public) and LE. Fermin Tangiiis (private)

It is evidenced according to the findings shown
in the table and figure 4 on Trait-Anxiety of the
students of the educational institutions
Abraham Valdelomar and Fermin Tianguis of
public and private management respectively, it
is observed that according to the statistic of the
U of Mann- Whitney, there are no statistically
significant differences between both groups,
because the p value is> 0.05, accepting the null
hypothesis, which reaffirms that Trait-Anxiety
is present at a medium level in both groups of
students.
Discussion

As a product of the forced confinement, due to
the measures provided by the government, to
avoid the massive contagion of COVID-19,
social isolation occurred, causing anxiety to all
individuals of various ages. Above all, to
individuals of school age, limiting them not to
communicate in person with their teachers and
peers, which affected their emotional health,
causing anxiety before virtual classes.

In the research carried out (Castro, Zurita,
Chacon & Lozano, 2019), they show that the
results are significantly positively related to the
anxiety contexts of schoolchildren regarding
Trait Anxiety and State Anxiety while the
results found with the U-Mann-Whitney:
27,000 and z = -, 233, are contrary, since no
significant differences are appreciated in Trait-
Anxiety, this characteristic being the same for
both boys and girls.

Both states of anxiety rose in sixth grade
students, due to the disruptive situation caused
by confinement and to this add the lack of
technological devices, although if they had it it
was already out of date, and it was not very
useful for students (Pedro, 2020).

In the same Iline, students from both
educational institutions increased Trait-Anxiety
at a medium level, without significant
differences due to the educational modality,
attributing this to the scarce connectivity to the
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network on the part of the student body
(Rivera, et. Al., 2020).

According to the results found, with the U-
Mann-Whitney: 25,000 and z = -, 361, students
from both educational institutions show greater
State Anxiety at the moderate level, in this
sense Vazquez, et. to the. (2020) considered
school anxiety as a multidimensional construct,
which shows greater anxiety in the face of
situations, examination and response systems.
Anxiety is a normal human response, but it
becomes pathological when it persists and is
maintained over time (Stephens, et. Al., 2016).
On the other hand, the results found, there are
significant differences in anxiety levels
according to the educational institution,
whether private or public, with greater concern
in primary school children referring to the
female sex.

Likewise, in the research carried out by
Anxiety, (2019) stated that greater anxiety is
evidenced when the qualified practices are
carried out; and determined that the levels of
anxiety before these practices with notes, is
related to the subject or course and the gender
of the schoolchildren, greatly evidencing that
the ladies show higher levels of anxiety before
the practices. While in the results of the present
investigation, women show a higher degree of
anxiety about the private educational institution
than men.

On the other hand, it was observed that there is
no significant association between State
Anxiety and stress for carrying out activities;
Among the results of the primary school
students, Trujillo (2020) highlighting that
during the time of health emergency children
were involved on an emotional level,
increasing anxiety and stress. In the same line,
the present research shows that there are also
minimal differences between the State Anxiety
of both institutions in the development of
activities, it is also shown that, as individuals,
they are more exposed to an alteration of the
mental system, due to confinement due to the
spread of COVID-19.

The anxiety of schoolchildren was estimated
without significant changes, showing a slight
increase in anxiety in girls compared to grades
in fifth-grade schoolchildren, (Lagos, Mart, &

percentage is appreciated, in what refers to the
public educational institution, in which girls
have a sharp increase compared to boys, in a
state of confinement.

Conclusions

In this new pandemic reality, the daily life of
families has suffered abrupt alterations due to
health measures issued by the government
worldwide, in all contexts of the individual's
work, as well as in the economic, social, labor,
educational, among others, as a result of the
confinement due to COVID-19. In this sense,
this new virtual reality scenario has profoundly
disrupted the standard of living of individuals,
causing uncertainty in all the families involved
due to the sudden death of relatives, loss of
work, and the most important thing, feeling
separated from their loved ones. and other
friendships, all these chaotic events have
determined in individuals higher levels of
anxiety.

Primary education students, both from public
and private educational institutions, have
minimal differences in the level of anxiety,
showing a slight growth in the female gender
compared to the male students.

Primary students from the private educational
institution have a slight degree of anxiety in
relation to students from the public educational
institution, State Anxiety at the moderate level
and Trait-Anxiety at the medium level, of
primary school students. of both institutions
have a minimal difference.

Anxiety is considered as a feeling of fear, fear
and restlessness. It usually shows itself as a
behavior inclined towards stress, with
individuals presenting sweating, tension and
even palpitations. Anxiety disorder becomes
pathological, when it does not fade and
worsens over time, interfering with the
performance of daily tasks, in attending virtual
classes and social interrelationships and
especially in this new normal of life. pandemic.
It is recommended that both public and private
educational institutions have a psychology
department, in order to generate intervention
and emotional support programs in order to
generate the development of skills and abilities
to face stressful events such as anxiety and

Luengo, 2018), in the same way, in terms of  first-year students. can make proactive
Anxiety -Trait, a minimal ascendancy in the  decisions in a pandemic reality..
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ABSTRACT

The study of digital skills in teachers is established as a government policy; However, teachers have been developing
digital skills as they have needed it and as part of their ongoing training as part of a personal decision. In these times
of pandemic, the Peruvian Ministry of Education has carried out some training in digital skills that have had teaching
access at the levels, primary and secondary; being used by secondary level teachers. This research article aims to
compare the levels of digital competence of primary and secondary teachers in times of pandemic. Regarding the
methodology, the approach was quantitative, the type of research was basic, the method used for the present research
work is hypothetical deductive and the design used is non-experimental cross-sectional and was established with a
sample of 80 primary level teachers and 80 secondary level teachers. The research concluded that there are significant
differences in the digital competence of primary and secondary teachers in times of pandemic, due to the fact that in
the comparison of primary and secondary level teachers that the U-Mann-Whitney: 1364,000 and z = -6,267, with p =
0.000 and p <0.05. Secondary level teachers presented better average range levels of 103.45, unlike primary teachers
who present an average range of 57.55

Keywords: information and communication technology, literacy, critical thinking; problem solving;
decision making.

1. Introduction in educational communities, has led to the
availability of voice and information at any
time and area, which suggests that these
devices have a greater presence within
academic activities they carry out. Therefore, it
is unknown, and in the case, little thought is
given, how they learn to use said devices and
to what extent they expand virtual capacities
for the control of computer assets with access
to facts, communication, organization, to name
a few (Organista et al., 2017).

Teachers, with their know-how, experiences,
observation, decision-making approximately as
a way to take advantage of possibilities and
face the restrictions of virtual practices and
sources and thus help the student to know and
their own professional development. In fact, in
the last two decades, one of the topics of
interest has been educational technology
(Prendes, 2018). Therefore, in the current
scenario, teachers are expected to take
advantage of a wide variety of virtual teams for
the purposes of innovation and academic
improvement (Adams-Becker et al., 2017). On
the other hand, the awareness that digital skills
are important is from this era, in addition to the
mobilized skills and the reflective choices that

At a global level, the importance of digital
technology and teaching-learning techniques is
established (Unesco, 2016). The development
of the teacher's competence is an academic
objective that has been diagnosed within the
discipline of educational coverage based on
international frameworks and models (Padilla-
Herndndez et al, 2019). Taking into
consideration that digital competence considers
the technological aspects related to the control
of computer systems and programs, the
informative or communicative aspect referred
to the search for statistics, verbal exchange and
collaboration (Pozos et al., 2018; Prendes et al.,
2018). The management of ICT technology is
vital within the context that has been
developing within the contemporary 12 months
of the COVID-19 pandemic and determining
the virtual capacities of teachers is a point of
interest currently seeking innovation and good
performance in academic spaces that are
carried out at a distance.

The growing expansion of insurance for the
possession of portable devices in Western
societies, and specifically among participants
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teachers make to contain virtual technology in
a strategic and pedagogical way (Pozos, 2013)
and that they have an effect on students' digital
skills (Redecker, 2017).

However, they present various problems and,
in this regard, (Castaneda et al.,, 2018)
regarding the lack of expertise of the teacher's
function from a holistic angle, it has gone from
being developed within the school classroom,
leaving aside the sociocultural context in which
competence is brought into play, and the
instrumental view of the era as an unbiased
space or one in an effort to inevitably convey
benefits in education.

At the national level, the results of digital
competences indicate that 88.7% of the
Peruvian population has access to at least some
ICT device, one in three people has a computer
at home, and the level of internet access has
increased by 40.7%. (Guizado, Menacho &
Salvatierra, 2020). Secondary level teachers
obtained 78% of regular level, 22% of good
level of digital skills, establishing that, at a
better level of digital skills, teachers achieve
better levels of professional development.
However, ICT accesses in educational
institutions are more heterogeneous: only one

in four is connected, with 86% of the
connections in operational states. The
institutions that have internet access at

secondary level is 52%, while the ratio
between the number of students per computer
is six and seven (Mateus & Muro-Ampuero,
2016). It is necessary to establish that digital
skills in teachers are very complex and show
difficulties unlike other areas of society (From,
2017). The teacher must make every effort to
achieve digital skills and be in connection with
the digital knowledge society (Hatlevik &
Christophersen, 2013).

Therefore, the research presented the general
objective of comparing the digital competence
of primary and secondary teachers in times of
pandemic and in the same way. He proposed
the following specific objectives for primary
and secondary school teachers in times of
pandemic: 1) Determine the level of search and
treatment of information, 2) Determine the
level of technological literacy, 3) determine the
level of critical thinking, solution of problems
and decision making, 4) determine the level of
communication and collaboration, 5) determine

the level of digital citizenship and finally, 6)
determine the level of creativity and
innovation. Regarding the general research
hypothesis, it was raised whether there are
significant  differences in the digital
competence of primary and secondary
education teachers in times of pandemic, and
for the specific hypotheses raised in primary
and secondary education teachers in times of
pandemic on whether there are differences in:
1) the level of information search and
processing, 2) the level of technological
literacy, 3) the level of critical thinking,
problem solving and decision-making, 4) the
level of communication and collaboration , 5)
the level of digital citizenship and finally, 6)
the level of creativity and innovation.

Theoretical approach: Connectivism

The  theoretical approach  of  digital
competences is connectivism, this allows the
access and analysis of large-scale data that are
generated from the interactions of teachers
online; enabling the analysis of learning in
open, flexible and distance environments,
which in turn improves the learning process
considering social and cultural challenges
(Siemens, 2019). The synergistic evolution of
the fields of connectivism and learning design
gain relevance by leading the birth of a relevant
area of study in the field of learning in modern
contexts of interconnectivity (Mangaroska &
Giannakos, 2019).

Digital skills

Digital competences are defined as the use of
technological equipment for the development
of tasks, problem solving, access to sources,
exploration, identification and evaluation of
information in an appropriate way to study
content and behave effectively in digital
communities (Gutiérrez, Cabero & Estrada,
2017). Likewise, digital skills are considered
essential knowledge, skills and attitudes while
ICTs are wused to perform tasks; solve
difficulties; communicate; deal with statistics;
to collaborate; create and share content
material; and increase knowledge in a
powerful, appropriate, vital, innovative, self-
sufficient, flexible, ethical and thoughtful way
for work, entertainment time, engagements,
learning,  socialization, acquisitions and
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improvement (Ferrari, 2012). In general, the
trainer's digital competence refers to the expert
competence that educators want to take
advantage of from the digital technologies of
their practice (Padilla-Hernandez et al., 2019).
From the broadest perspectives, skills and
knowledge of characteristics in virtual contexts
are a demand of all citizens and, consequently,
one of the challenges lies within the training of
educators to promote information and
knowledge of this line in formal schooling
(Atchoarena et al., 2017). It is true that the
curricula in primary education in various parts
of the world include the integration of ICT as
relevant elements for the good education of
students.

Consequently, the advertising and marketing of
a teacher profile for the use of digital resources
has been included in the educational coverage.
Proof of this are the international frameworks
and models that have addressed the digital
competence or ICT competence of teachers.
One of these frameworks is that of the
competence and needs of ICTs of the United
Nations Educational, Scientific and Cultural
Organization (Unesco, 2011).

Dimensions of digital competences

Information search and treatment
Through which teachers and / or students use
digital environments in communication and
work collaboratively, including remotely, to
support individual / collective learning
(Gutiérrez et al., 2017). Likewise, to search for
information, it is recommended to use
bookmarks, the use of historical address
retrieval, among other knowledge that must be
developed to guarantee a good treatment of the
information (Cabanillas, Luengo and Torres,
2020).

Technological literacy
In technological literacy, teachers and / or
students show innovative ideas, construct
information and develop innovative procedures
and approach the use of ICT (Gutiérrez et al.,
2017). Likewise, digital literacy is the set of
skills used to efficiently locate, manipulate and
interpret  information  through  internet
resources, knowing the ICT environments.
People with virtual capacities can function
effectively within the multimedia environment,
speak satisfactorily on these platforms and

work more effectively thanks to the perfect use
of the possibilities of computing (Escandell,
2017).

Critical thinking,
decision making

problem solving and

Process by which teachers and / or students use
digital tools to acquire, examine and use
communications (Gutiérrez et al., 2017). It is
highlighted (Dewey, 1989) that for each of
these forms of questioning it is not uncommon
for them to be thoughts and, at times, it is very
complicated and difficult to differentiate them.
Each of them has its specific personal traits and
even unique methods and products. Whoever
knows what the satisfactory approaches are to
thinking and why they are better can, if he
wishes, adjust his own way of wondering to
enhance their effectiveness, that is, make the
process higher.

Communication and collaboration

Process by which teachers and / or students use
critical thinking skills and thus design and
increase investigations, control tasks, clarify
problems and make informed selections, using
appropriate equipment and digital resources
(Gutiérrez et al., 2017).

Digital Citizenship

Process through which teachers and / or
students worry about human, cultural and
social problems correlated with ICTs and carry
out criminal and moral behaviors (Gutiérrez et
al., 2017). Likewise, it is proposed that,
although the technology of records and
communications offers interesting mechanisms
for the session and generation of records for
the development of virtual citizenship, there
are elements that must be taken into
consideration, since they are related to
excellence and truthfulness. of the records.
Information used by virtual citizens to worry
about the future of public affairs (Ramos,
2019). It is important to bear in mind that
trends in internet use were analyzed,
highlighting the way in which residents are
using it to learn about current problems in
political, social and economic terms (Marcos et
al., 2018).
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Creativity and innovation

Process by which teachers and / or students
demonstrate an adequate understanding of the
concepts, systems and operations of ICTs
(Gutiérrez et al, 2017). Creativity and
technological innovation represent key
elements for the development of various areas
of society (Cordova et al., 2018).

2. Methodology

The study is circumscribed in a positivist
paradigm, quantitative approach, due to the
measurement of the variables; the method is
hypothetical deductive, due to the statement of
the hypotheses and their testing. The design
was non-experimental, cross-sectional and
comparative (Herndndez & Mendoza, 2018).
The population consisted of 160 educators at
the primary and secondary levels and thus
carry out the comparative study.

The research was carried out with the survey
technique and the instrument was the Gutiérrez

questionnaire, Cabero and Estrada (2017)
performed the content validity through expert
judgment and the construct validity of the
instrument, with KMO = 0.000, being
significant; Likewise, they carried out the
reliability of Cronbach's Alpha and obtained a
value of 0.966 indicating high reliability of the
variable.

Excel and SPSS version 26 were used for the
results and descriptive analysis of frequencies
and percentages was performed and for the
inferential analysis the Kolmogorov Smirnov
normality test was performed and the findings
were p <0.05 establishing that the non-
parametric test be performed Mann Whitney's
U which is a test for 2 different samples.

3. Results

After applying the instruments, we reached the
following results, responding to the objective
presented, as well as the testing of the
hypothesis

Table 1. Levels of digital skills in primary and secondary school teachers

Level of digital skills
Inadequate Regular Adequate Total
Primary fi 45 2 80
Educational % fi 41.3% 56.3% 2.5% 100
institutions High school fi 4 68 8 80
% fi 85% 10% 100

In table 1, primary level teachers presented
41.3% of inadequate level, 56.3% of regular
level and 2.5% of adequate level of digital
skills and secondary level teachers presented

5% of inadequate level, 85% of regular level
and 10% presented an adequate level of digital
skills

Table 2. Levels of information search and treatment in primary and secondary school

teachers
Information search and treatment level
Inadequate Regular Adequate Total
Primary fi 40 32 8 80
Educational % fi 50% 40% 10% 100
institutions High school fi 15 42 23 80
% fi 18.8% 52.5% 28.8% 100

In table 2, the primary level teachers presented
50% of inadequate level, 40% of regular level
and 10% of adequate level of search and
treatment of information and the secondary

level teachers presented 18% of inadequate
level. 52.5% of regular level and 28.8%
presented adequate level of search and
treatment of information.
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Table 3. Levels of technological literacy in primary and secondary teachers

Technological literacy levels
Inadequate Regular Adequate Total
Primary fi 44 27 9 80
Educational % fi 55% 33.8% 11.3% 100
institutions  |High school fi 14 43 23 80
% fi 17.5% 53.8% 28.7% 100

In table 3, primary level teachers presented
55% of inadequate level, 33.8% of regular

teachers presented 17.5% of inadequate level,
53.8% of regular level and 28.7% presented an

level and 11.3% of adequate level of  adequate level of technological literacy.
technological literacy and secondary level
Table 4. Levels of critical thinking, problem solving and decision making
Levels of critical thinking, problem solving and
decision making
Inadequate Regular Adequate Total
Primary fi 35 33 12 80
Educational % fi 43.8% 41.3% 15% 100
institutions High school fi 27 33 20 80
% fi 33.8% 41.3% 25% 100

In table 4, the primary level teachers presented
43.8% of inadequate level, 41.3% of regular
level and 15% of adequate level of critical
thinking, problem solving and decision making
and the secondary level teachers presented

33.8% of inadequate level, 41.3% of regular
level and 25% presented adequate level of
critical thinking, problem solving and decision
making

Table 5. Levels of communication and collaboration

Level of communication and collaboration
Inadequate Regular Adequate Total
Primary fi 44 31 5 80
Educational % fi 55% 38.8% 6.3% 100
institutions  |High school fi 14 46 20 80
% fi 17.5% 57.5% 25% 100

In Table 5, primary level teachers presented
55% of inadequate level, 38.8% of regular

secondary level teachers presented 17.5% of
inadequate level, 57.5% of regular level and

(Sept. - Oct. 2021)

and 6.3% of adequate level of  25% presented an adequate level of
communication and  collaboration  and communication and collaboration.
Table 6. Levels of digital citizenship
Levels of digital citizenship
Inadequate Regular Adequate Total
Primary fi 45 23 12 80
Educational % fi 56.3% 28.7% 15% 100
institutions  |High school fi 20 28 32 80
% fi 25% 35% 40% 100
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presented 25% of inadequate level, 35% of
regular level and 40% presented an adequate
level of digital citizenship.

In table 6, primary level teachers presented
56.3% of inadequate level, 28.7% of regular
level and 15% of adequate level of digital
citizenship and secondary level teachers

Table 7. Levels of creativity and innovation

Levels of creativity and innovation
Inadequate Regular Adequate Total
Primary fi 38 34 8 80
Educational % fi 47.5% 42.5% 10% 100
institutions  |High school fi 29 40 11 80
% fi 36.3% 50% 13.8% 100

In table 7, the primary level teachers presented 47.5% of inadequate level, 42.5% of regular level
and 10% of adequate level of creativity and innovation and the secondary level teachers presented
36.3% of inadequate level, 50% of regular level and 13.8% presented an adequate level of
creativity and innovation of digital competences.

Hypothesis testing
Table 8. Significance of the digital competence variable and its dimensions in comparison
with primary and secondary level teachers

(Sept. - Oct. 2021)

Range Sum of Test statistics

Group N average ranges
Digital skills Primary 80 57,55 4604,00 U Mann Whitney 1364,000

High school 80 103,45 8276,00 V4 -6,267

Total 160 Sig. (bi) 0.000
Information Primary 80 62,95 5036,00 U Mann Whitney 1796,000
search and High school 80 98,05 7844,00 V4 -4,800
treatment Total 160 Sig. (bi) 0.000

Primary 80 61,61 4928.50 U Mann Whitney 1688,500
Technological High school 80 99,39 7951,50 Z -5,172
literacy Total 160 Sig. (bi) 0.000
Critical thinking, | Primary 80 74,22 5938,00 U Mann Whitney 2698,000
problem solving | High school 80 86,78 6942,00 Z -1,724
and decision Total 160 Sig. (bi) 0.049
making
Communication | Primary 80 57,73 4618,50 U Mann Whitney 1378,500
and collaboration | High school 80 103,27 8261,50 4 -6,228

Total 160 Sig. (bi) 0.000
Digital Primary 80 64,57 51,65,50 U Mann Whitney 1925,500
citizenship High school 80 96,43 7714,50 zZ -4,390

Total 160 Sig. (bi) 0.000
Creativity and Primary 80 73,55 5884,00 U Mann Whitney 2644,000
innovation High school 80 87,55 z -1,903

6996,00
Total 160 Sig. (bi) 0.048
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Table 8 shows the variable digital competence
in the comparison of teachers at the primary
and secondary level that the U-Mann-Whitney:
1364,000 and z = -6,267, with p = 0.000 and p
<0.05; Therefore, it is established to reject the
null hypothesis and it is established that there
are significant differences in the digital
competence of primary and secondary teachers
in times of pandemic.

In the same way, we analyze the results for the
dimensions of the study such as: information
search and treatment, technological literacy,
critical thinking, problem solving and decision
making, communication and collaboration,
digital citizenship and finally creativity and
innovation meeting , according to the level of
significance when developing the U-Mann-
Whitney test, that the p-value is less than 0.05,
which is why it is established that there are
significant differences in the dimensions
indicated for primary and secondary school
teachers in times pandemic.

Teachers at the secondary level presented
better levels with an average range of 103.45,
unlike primary teachers who presented an
average range of 57.55. Likewise, significant
differences were found among primary and
secondary teachers for the dimensions, search
and treatment of digital information,
technological literacy, critical thinking,
problem  solving and decision-making,
communication and collaboration, digital
citizenship, and creativity and innovation. p
<0.05; rejecting the null hypothesis and it is
established that there is a significant difference
in each of the established dimensions, due to
the fact that secondary level teachers present
higher average ranges than primary Ilevel
teachers.

4. Discussion

The research found that the variable digital
competence in the comparison of teachers at
the primary and secondary level than the U-
Mann-Whitney: 1364,000 and z = -6,267, with
p = 0.000 and p <0.05; Therefore, the null
hypothesis must be rejected and it is
established that there are significant differences
in the digital competence of primary and
secondary teachers in times of pandemic.
Teachers at the secondary level presented
better levels with an average range of 103.45,

as opposed to primary teachers who presented
an average range of 57.55. In this sense, the
development of the teacher's digital skills is an
educational purpose that has been recognized
in the context of educational policy based on
an international framework and model (Padilla-
Hernandez et al., 2019); However, teachers
have been developing digital skills as they have
needed and as part of their ongoing training
and personal decision. In these times of
pandemic, Minedu has carried out some
training in digital skills that have had access to
teachers at the initial, primary and secondary
levels; being used by secondary level teachers.

Teachers, with their experiences, imagination
and foresight, make decisions about how to
take advantage of opportunities and deal with
limitations of virtual practices and assets to
help the student acquire knowledge and
personal development. In fact, the role of the
teacher is always one of the topics of interest in
educational technology (Prendes, 2018). In
these times, it is essential to manage ICT
technologies in the context that has been
working in this year of the COVID-19
pandemic and to establish the digital skills of
teachers as a current point of interest in the
search for innovations and efficiency of the
distance educational activities they carry out.

In the present study, primary level teachers
presented 41.3% of inadequate level, 56.3% of
regular level and 2.5% of adequate level of
digital skills and secondary level teachers
presented 5% of inadequate level, 85% of
regular level and 10% presented an adequate
level of digital skills. Coinciding (Guizado,
Menacho and Salvatierra, 2020) with
secondary level teachers, they obtained 78% of
regular level, 22% of good level of digital
skills, establishing that, at a better level of
digital skills, teachers achieve better levels
professional development. In this regard, they
raise the idea of the importance of developing
digital skills with the perspective that
professionals who acquire digital skills late
come to benefit from their strengths and
reverse the disadvantages presented by not
having developed digital skills (Bokek -Cohen,
2018). So it is important to reflect and take
action to carry out training.

Likewise, the dimensions of search and
treatment of digital information, technological
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literacy, critical thinking, problem solving and
decision-making, communications and
collaborations,  digital  citizenship, and
creativity and innovation presented p <0.05,
establishing that there are significant
differences in the aforementioned dimensions,
due to the fact that secondary level teachers
present higher average ranks than primary level
teachers. In this regard, from the development
of the dimensions of digital competences with
a holistic view (Ocana, Valenzuela & Garro,
2019) it is important to demonstrate the domain
of search and information processing.

5. Conclusions

According to the research objective, it is
established that there are significant differences
in the digital competence of primary and
secondary teachers in times of pandemic, due

to the fact that in the comparison of primary
and secondary level teachers that the U-Mann-
Whitney: 1364 .000 and z = -6.267, with p =
0.000 and p <0.05. Teachers at the secondary
level presented better levels with an average
range of 103.45, as opposed to primary
teachers who presented an average range of
57.55.

Likewise, the dimensions of search and
treatment of digital information, technological
literacy, critical thinking, problem solving and
decision = making, = communication and
collaboration, digital citizenship and creativity
and innovation presented p <0.05, establishing
that there is a significant difference in each of
dimensions, due to the fact that secondary level
teachers present higher average ranks than
primary level teachers.
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ABSTRACT

With the growing industrial civilization, the construction management system plays a predominant role in controlling
and coordinating the whole project. This can only be achieved by using the best software tools available on the market.
Software management tools opted must be robust, user-friendly, and must consume less time to navigate to
corresponding tabs. When it comes to the construction management industry the software opted must give us the eagle-
eye view of the entire project at any point in time. By using the best software tools, we can control many aspects, one
that tops up all will stand by the financial aspects of all the stakeholders. This aspect may hamper the projects directly
or indirectly if managed poorly, which results in a huge loss of time and amount, not just from a financial perspective
but also psychologically and emotionally as well. In this project, a comparison of two-construction management
software's Primavera P6 and Microsoft (MS) project software is been carried out, by considering a refurbishment of an
existing retail unit as a case study model. The analysis is done based on the resource allocation navigations and
capitalizing tasks based on the value and non-value added tasks, to identify and suggest additional best-supporting
criteria for Primavera P6 software and Microsoft (MS) project software to develop 'What good likes' in construction
resources management area.

Keywords: Microsofi (MS) project, Primavera P6, Project management, Resource management, Task Capitalization

Intr tion
oductio Resource management

Construction project management 1is an
integrated process of proper planning and
systematic scheduling of all the associated
works related to the completion of the project
considered. Every construction project work
contains numerous factors; all these are inter-
depended on each other at all the given
intervals. Thus, it becomes one of the most
responsible duties to create a support page
where all the factors that play an important part
of the project, to get a proper base tool to work
with. In the current world, support project
management  works  many  software’s.
However, most of all it is important to know
the importance and functions of the individual
software we opt to implement on the project
we work on. With the fast-growing
environment and civilization, it becomes
important we concentrate on the best tool to
benefit the various accepts of the project in
different situations

Resource management is the method of
distributing all the resources in the best
conceivable way. The principal aim is to
maximize all resource efficiency by using the
best software tool available. This will lead to
successful completion of the project, which is
set up to meet the organization goals.
Resources are the things from people to
machinery to end facilities. Resources used are
the most important tools and values needed to
complete any given activity. Construction of
the project not only rely on the overall total
quality and accurate quantity of the works
involved in the projects but also the availability
of the on-time resources involved in the works
carried out. Resources in the total project
budget plays a vital role and add up a huge
total value to the cost plan estimated. That is
why it becomes an important key area to
manage and plan accordingly. The best process
can be achieved through the proper selection of
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the software used for the projects, which
amplify the time of interest contributed.

Importance of Resource management

Some of the important key points in every
resource management are pointed as below,

1. It provides the project with an overview
of everyone and everything involved
under every part of the works.

ii. It enables better planning and control
over the entire project tasks.

iii. It makes the planning and management
process more transparent clear to under
every scope of work been carried.

iv. It helps you see problems before they
start on site until the end date.

v. It gives you control over the entire
project budget management.

Purpose of Resource management

i.  Resource management is directly
proportional to the actual planned cost.

it. It quantifies the actual time, cost, and
the whole sequence of a given
operation in the construction project.

iii.  The series of resource scheduling
uncovers all the flaws in the planned
budget, which leads to the easy revision
of the plan budgets and thus reflect the
better cost figures.

Benefits of Resource management

1.  Maximizing resource -efficiency and
developing a  better  Resource
Utilization system.

ii.  Getting a bird's eye view of the project
resources at any instant of time.

iii.  Preventing miscommunication mishaps
for having true transparency.

iv.  Predicting the future of the resource by
foreseeing and avoiding problems in
advance.

v.  Taking Control of the entire project to
meet the targets.

Importance of software in Construction
management

1.  The software selected for the project
much be user-friendly

ii. It should behave with high accuracy
and should be integrated with many
businesses implemented tools

iii.  Budgeting the project on the software
much be easy, and the time consumed
much be minimal

iv. It should be easy to track at any given
point of time by multiple users

v. It should be benefited on-site and oft-
site, i.e. people much have the visibility
at every given place irrespective of the
condition at a given instance with the
same data populated.

vi.  The visibility of the data should be
distributed, and certain restrictions
should be added to end-users

vii.  All the navigations that will be used to
create a project must be easily
accessible and should not involve
complex steps to add certain data.

viii. It should be robust and should provide
support to complex solution
breakdowns

Brief literature review

S. Ragavi & R. N. Uma (2017) [1],
implemented a detail study on "Planning and
scheduling of an apartment building by
comparison of MS project and Primavera".
This paper explains the basic general
construction sequence of an apartment building
using both the management software's MS
Project and Primavera. The approach integrated
was on the planning and scheduling of the two
software’s, to conclude operational
characteristics, and its functionality, and
technical implemented features. The paper
concluded stating Primavera is better than MS
Project, and Primavera supplies better security
tools for accessing project files and Baseline
plans.

Shruti Singh, Shweta Istape, Amruta Surve,
Sahil Pandey, Avinash Singh & Sangram
More (2018) [2], implemented a detail study
on "Comparative study of planning and
scheduling of a construction project using
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Microsoft project". This paper details the
planning and scheduling various activities that
was involved in the construction project using
MSP software. The works presented on the
paper gave the difference between the actual
works carried using MSP and the normal
traditional planning techniques. The case study
model was the residential building in Mumbiai,
which clearly defined the implementation of
the MSP software makes up the construction
works and the budgeted cost-effective. They
have concluded the results by using the two
additional supporting theories CPM and PERT
for the analysis. Thus, the result concluded that
the planning shows the estimated period of the
project completion is 18 months only. While
the actual was 20 months in principle. It
highlights all the critical activities and the
critical path periods. It has been showing that
some activities and the tasks delayed by 4
months, using the best approach and it was
scientific.

Rhuta J and Prof. V Z Patil (2015) [3],
implemented a detail study on "Resource
Scheduling of Construction Project: Case
Study". The study stated that the project delays
occurs only due to the inadequate and
incomplete supply of the required resources on
time. Preparation for an exact workable plan
and detail analysis of the resources for all the
large complex construction works leads to a
better plan approach and solutions for the
integrated ricks. Thus, using the Project
management packages such as MSP (Microsoft
Project) and Primavera P6 in any of the
construction sector will helps in resolving the
resource risks in the project at a given times.
This paper stated that the work phase was
carried out in two different phases. First phase,
where in all the required data was collected
from the planned sites, post which all the
necessary quantities were estimated in-line
with the drawing, these details acquired was
later used to calculate the required work force.
Second phase, involved the software analysis
of the pre-estimated works from the first phase.
The result was as resource decreases duration
increased by 10.38% and cost by 0.94%.

Shubhashree P. Deshmukh, Akshay V.
Sagale, Dr. Manish M. Bais (2019) [4],
implemented a detail study on "Study of

Scheduling in Microsoft Project Software".
The project work and all the relevant details
was scheduled using MSP Microsoft Project
software. The project model used to analyse
the work was on an apartment building, which
displayed how a detailed and proper planning,
with all the accurate scheduling can be done by
integrating the software MS project. It was
concluded by stating that all the traditional way
of analysis is uneconomical and in depth they
consumes more time for the works with huge
compatibilities, also the planning used will not
subdivide the main task or the activities. Thus,
they lead to hurdle of over-allocation of
resources on a project, by giving improper
judgment on the work details.

T.Subramani, T.M.Karthick (2018) [5],
implemented a detail study on "Study on Time
and Resource Management in Construction
Projects Using MS Project". They have used a
resource scheduling to easy and quick track
project by integrating the constrained intervals.
The project had two different stages. The first
stage has been used to allocate the resource on
MS Microsoft project software, by detailing all
the task timetable for all the activities for the
development of business construction works.
Finally, Standard schedule rates (SOR) were
used to estimate the resources allocated on the
software. Thus, they concluded by using an
effective method of time management tool
perceived by the respondents was by using the
Critical Path Method (CPM).

SK. Nagaraju, B, Sivakonda Reddy (2012)
[6], implemented a detail study on "Resource
Management in Construction Projects — a case
study". Resource scheduling was done for a
fast-track project with constrained durations
using Primavera software. The project had two
different phases. First phase, with the
implementation of the primavera software the
project works was schedule for various tasks
and the related activities for the construction
work model on a commercial building, based
on Standard Schedule Rates (CPWD). Second
phase, resource-constrained analysis  for
resource levelling the various activities and the
tasks, by decreasing resources with increased
duration to study the time-cost implications on
the project model. The presented schedule
work rates were linearly increasing day-by-day
cost due to the sudden requirement of labour
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and thus, the overall result had an impact on
the overall cost tracking buget, and the cost
achieved in the paper has a very steep curve. If
the resource constraints were down decreased
by 10% to 50%, this caused the total duration
period of a project to up increase by 2% to
18.23 %. The over-all percentage increase in
duration was about 18.23%, which was causing
a percentage increase in project cost of about
1.684%.

Balraj G. Wajantri, Amey A. Kelkar (2018)
[7], implemented a detail study on "Application
of Microsoft project for resource optimization
in multiple project management". Resource
management technique, using MSP Microsoft
Project software a detailed schedule developed
for the execution of three residential buildings
and the total time and cost required for each
project completion, as well as total duration
and cost for all the three projects, were
obtained. Further, a single schedule was
developed for all three projects, resources are
simultaneously distributed, and project cost
and time were obtained and are compared with
the earlier ones. The main conclusion was to
focus on the study that will help in developing
a framework concerning resource management
with special emphasis on labour management,
which will supply a platform for labour
management in a scenario of simultaneous
execution of different projects. The application
of MSP Microsoft Project software this project
work helped in resource allocation because of
which the total duration and cost of the project
was been able to reduce.

Objective of the paper

The following are the objective of the paper-

1. To identify the resources allocation and
scheduling technique using different
tools opted.

ii.  To identify the value-added tasks in

resource  allocation, sequence a
construction.
1mi. To calculate the actual allocation

differences in using the different tools,
that enables for a better approach.

iv. To identify and suggest additional
supporting criteria for Primavera
project software and MS Project to
develop ‘What good likes’ in resources.

About The Software Used

Primavera software - p6 professional
19(x64)

Primavera is generally termed as Enterprise
project  portfolio management (EPPM)
Software. Primavera software has several
benefits like it is one of the user-friendly
software, all the resources can be optimized, it
has enhanced visibility, forecasting the
activities is simple, tracking the features added
option benefit, it gives good collaboration, etc.

ORACLE
PRIMAVERA P6

Figure 1 Logo of Oracle Primavera P6

Microsoft project software

Microsoft Project is a project management
software product, developed and sold by
Microsoft. It is designed to help all the project
managers develop a plan, assign resources to
tasks, track progress, budget management, and
workload evaluation.

m Project

Figure 2 Logo of Microsoft project software

Microsoft visio

Microsoft Visio is used to create simple and
complicated geometrical diagrams of different
shapes. It offers a very wide range of built-in
shapes, tools, objects, and stencils to work with
a different project. It helps us to create 3D
structures, a simple flow chart, etc., that are
easy to understand and share information.

Figure 3 Logo of Microsoft Visio

Bluebeam Revu
It is software that is used to take off the
quantities by a PDF document, which helps us
to estimate the cost by accurate measurements.
It used vector data to mark wup the
measurements correctly. This software is easy

Special Issue on Engineering Technologies and Management 927

(Sept. - Oct. 2021)



Vidyabharati International Interdisciplinary Research Journal (Special Issue)

ISSN 2319-4979

to use than AUTO CADD as all the tools
required are readily available on the ribbon,
thus omits the use of commands. All the mark-
up measurements are down listed and can be
imported back to other working tools.

(<

BLUEBEAM'

REVU" 20
STANDARD

Figure 4 Logo of Bluebeam REVU

Study Work Methodology Used For The
Research

The methodology adopted in this project is
designed by referring from various knowledge
sources and Literature papers survey and thus it
is framed as below.

The methodology adopted in this project is
divided into three main phases. The entire
project is integrated with Primavera and MS
Project software, and the key reports will be
generated. This generated report has been
studied and populated to meet the scope and
objective of the project, with a proper
conclusion.

PHASE-1 Pre-Data collection

This is the initial phase of the project, where all
the technical knowledge information has been
collected and studied to set up the project.
Works like collecting the project data as a
reference model to the works. All the
information has been searched through papers
and the internet. A detailed study was
conducted on the subjects and software skills
were implemented.

PHASE-2 Data Analysis

The draft-estimated template was worked on
MS-Excel to wunderstand the rates and
quantities part. All the rates used whereas per
the companies’ Standard schedule rates. The
data gathered for the working model was

inputted to Primavera P6 and Microsoft Project
Software. Post which detailed data was
analysed on the resource allocation navigation
steps on both the tool, by implementing the
lean principle tool methodology of classifying
the value, non-value, and essentially non-
value-added tasks.

PHASE-3 Result Analysis

The results were captured by working on a
flowchart series through the MS-Visio tool, to
implement the chart classification for the
applied principle. Graphical representations
have been worked out to justify the objective
considered with proper conclusions

‘ Project data collection ‘

i ¥
“‘ Searching Information ‘
PHASE-] l

Pre-Data =
collection

-‘ Internet

‘ Understanding resource management ‘

‘ About Software ‘

_ :

‘ Data analysis ustng MSP ‘

l

‘ Data analysts using Primavera ‘

PHASE- |
Data = ‘ l
Analysis

Analysts of comparison on Resources allocation
approaches in M3P & Primavera

- : l

‘ Data Infegration ‘

PHASE- l

Result — ‘ RESULTS ‘
Analysis l

| covausion

Literature raviews
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Flowchart 1 Methodology System framed for the project work

Analysis Using Microsoft Project Software

Defining Project Calendar

Selection of Task Mode

Manual Schedule Made

Auto Schedule Mode

Entering Task

Infarmation about milestanes

in the project is also entered.

Creating Waork Ereakdown
Structure

Scheduling the Project

&4 types of task relationships

are FS, 55, FF and SF

ANALYSIS OF MS PROJECT
SOFTWARE

Assigning Resources

Work flow Report for a
Praoject

Analysis Using Primavera Software

Creation of EPS

Creation of DBES

Assigning calendar

to project
|
N
Creation of project Creation of WPS [}— Adding activities
|
N4
Creating ’ = Assigning
relationships Scheduling constrains
|
N 4
r-h:?;::ﬂ:i:"ugr::r?ts Formatting > Activities and
proj library schedule data Resources
NS [
Assigning
Roles Resources . resources and
costs
N |

Optimizing the
project plan

Baselining the
project plan

Flowchart 2 Analysis structure of MS Project software used for the project work

Flowchart 3 Analysis structure of Primavera Project software used for the project work
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Data Integration
Lean Six Sigma

This principle was developed in 19" century,
where in it is a method that is used to improve
the performance of the system, by omitting or
eliminating the waste system. Thus, the
principle helps us to understand the framework
for the overall organisation by classifying the
best tasks only, which in turn add values. This
principle has been developed by using six
sigma and lean manufacturing principle
integrated together.

One important principle of the lean six sigma is
to ‘understand what adds value’

Understanding What Adds Value

All the operation steps or procedure, which are
included in defining the work/project, must add
value to the time used or implied. Thus, it is
crucial to understand what the steps that add
value to the project are. This principle not only
identifies the waste but also helps us to find the
errors and waste, which helps us to develop an
additional supporting tool if necessary, by
replacing the original. The waste in this
principle refers to the defects, over production,
waiting, extra processing, inventory steps,
motions etc.

Therefore, based on the above theory principles
this project has been developed to classify the
value

added task, Non-value-added task and
Essentially non-value-added task, at one point
of the software used i.e. Resource allocation
navigation steps in both the software’s
Primavera P6 and Microsoft project software.

Task Categorization
a. Value added task (VAT)

e These activities are those, which
adds value to a process.

e Consumes less time for end results

e Helps in delivering the correct
specified data on the results

e Represented in blue
b. Non-Value-added task (NVAT)

e These are those which do not add
any value to the product

e They form a part of process, but
benefits with zero results

e Represented in grey

c. Essential Non-Value-added task

(ENVT)

e These are the tasks that partially add
value to the tasks or end product

e They form a part of process, but
benefits with minimum or zero
results

e Represented in Amber

Thus, the above classification has been
implemented to classify the navigation tasks on
the project model and percentage have been
given out.

Analysis Of Data Integration
Primavera Software

One the application of the lean six sigma
principle it been analysed that it includes 42%
of the value-added tasks when we work on the
resource allocation using Primavera P6
software. This has been analysed in detail for
every step of resource navigation to an
individual task or the selected activity.
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Table 1 Represents the detail of task categorization of Primavera software

Value added task

Essential Non-
value added task

Non-Value added

(VAT) (ENVT) task (NVAT)
Based online
Project Indent/Out dent resource
Resource
PRELIMINARIES Add
Data-Resource ID
& Name
Employee ID Resource ID/name | Active status
Title
GENERAL E-Mail Address
Office Phone
number
Resource Code
CODES Code Value
Code Description
Create Personal
Resource Type Profile Calendar
Currency & | Default
Labour Overtime Units/Time
Auto Compute
DETAILS Non-Labour actuals
Calculate costs
Material from units
Unit of Measure
Calendar
Shift Calendar Add Shifts
Effective date Number of Shifts
UNITS & PRICES Max Units/Time
Standard rate
Role ID
ROLES Role Name
Proficiency
Primary Role
NOTES Resources Notes
User defined field
Customize user | Data type
USER DEFINED FIELDS defined fields Value

Hide empty rows

Table 2 Represents the values of task categorization of Primavera software

Value added task (VAT) 18
Essential Non-value-added task (ENVT) 13
Non-Value-added task (NVAT) 12
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EESOURCES ALLOCATION TASK
CATEGORIZATION-PRIMAVYERA
S0FTWARE

Figure 4 Integrated Data representation for Primavera software based on Lean six sigma

Microsoft Project (Msp) Software

One the application of the lean six sigma principle it been analysed that it includes 51% of the
value-added tasks when we work on the resource allocation using Microsoft software. This has
been analysed in detail for every step of resource navigation to an individual task or the selected

activity.

Table 3 Represents the detail of task categorization of Microsoft project software

Essential Non-value | Non-Value added
Value added task (VAT) added task (ENVT) task (NVAT)
Resource Name Group
Initials Additional columns
Type
Work, Material, Cost
Material
Maximum Units
RESOURCE SHEET Standard Rate
Overtime rate
Cost per Use
Accure At
Start, Prorated, End
Base Calendar
General Material label Resource name
Email Booking type Initials
Costs Effective data Group
Cost rate tables Notes Code
RESOURCES Generic, Budget, Inactive Custom field Type
INFORMATION Committed, Proposed Resource name
Standard rate

Overtime rate

Per use cost

Custom field name

Table 4 Represents the values of task categorization of Microsoft project software

Value added task (VAT) 18
Essential Non-value added task (ENVT) 7
Non-Value added task (NVAT) 10
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RESOURCES ALLOCATION TASK
CATEGORIZATION-MICROSOFT
PROJECT(MSP) SOFTWARE

Figure S Integrated Data representation for Microsoft project software based on Lean six

sigma

Conclusion And Further Scope
Conclusion

Microsoft project and Primavera P6
software are one of the leading
management software tools in construction
sector.

In MSP, there are only 11 baselines for
creation of a project. The end user must use
a complex formula and logics to set the
functional performance. The addition
column application is restricted to 40 only.
Single relationship is allowed for allocation
between two different task and activities.

In Primavera P6, we can create unlimited
baselines. It is one of the best user-friendly
tools with least complex set-ups involved.
The additional column application is
restricted to 200. It allows multiple
relationship  allocation  between two
different task and activities.

The paper mainly signifies the actual
difference while navigating the resource
allocation using the two best performance
management tools.

The Value-added task (VAT) for resources
allocation sequence in Microsoft project
software was 51% and using Primavera P6
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ABSTRACT

The study aims to identify major factors affecting maintenance and problems occurring in the construction
management and building maintenance and to identify the major factors affecting it.It is important to know about
management in construction for any task to be finished on schedule while simultaneously yielding great quality and
meeting the spending plan, a ton of preparation and the board should be carried out.The study focuses on the
perpetuation issues faced by the cooperative apartment houses like repairs, plumbing, sanitation, flooring, painting etc.
for this data is collected by questionnaire survey about the maintenance of structure from tenements. In this
investigation after gathering set of data on maintenance problems and prime problems are identified by statistical
Analysis using statistical package for social sciences software. The main objective of this study is to identify the
problems being faced in a residential building and the analysing the major factors affecting the building maintenance.
Analysis of factors was done using Relative Rank Index and Analytical Hierarchy process to identify the most affecting
factor. All structures must be maintained throughout their lifespan. Less maintained building would have to
compromise on its durability and reliability considerations, which are the most critical characteristics of a building.
Thus, identification of major problems and factors are important to know the severity and then give suitable
recommendations is the purpose

Keywords: Building Maintenance, Construction management, Statistical Package for Social Sciences
(SPSS), RRI, AHP.

Introduction 1.2. Maintenance management

The term construction project is defined as a
high-value, time bound, special construction
mission with well-planned and performance
objectives. Construction projects are not easy
and time taking undertakings.Each structure is
constructed in a unique way to suit its
environment. Development of structures have
gotten progressively difficult and
tedious.Construction of buildings have become
more tedious now. It is mainly for the
construction line professionals in civil
engineering  where they apply their
management skills and help in successful
completion of project. Nobuilding or structure
shall be without any maintenance but following
few measures can help in keeping maintenance
minimal and easy to fix. The buildings that
cannot be maintained will be damaged and
deteriorate further causing permanent damage.
This damage is caused by human factors, such
as lack of knowledge for workers on
maintenance and repair work methods.

Any building when constructed will certain
objectives. During its economic life, the
building or any structure has to be kept in good
condition. Maintenance is a cyclic and
continuous procedure which needs a lot of
observation and coming up with a solution
when in case of necessityAlmost any structure
is prone to defects or damage though
preventive measures are taken during the
design and construction. All structures must be
maintained throughout their lifespan. Less
maintained  building  would have to
compromise on its durability and reliability
considerations, which are the most critical
characteristics of a building. The building
maintenance program should be systematic and
proactive to prevent the need for regular
repairs. It should have sufficient staff and
budget for proper maintenance. When
deterioration occurs due to various reasons
then restoration it to 1its original state
completely is impossible. An efficient team
should see to that reliability and efficiency is
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achieved. Repair can be defined as activity
which is responsible for fixing broken
damages, equipment repairs and failed devices.
Some type of repairs are correcting defects like
minor cracks and plaster flaking , repairing
doors and windows , replacement of glass
panels and electrical works.

1.3 Types of Maintenance

1. Major repair or restoration: Which includes
re-roofing or rebuilding faulty walls and
regularly  incorporating detailing in
improvement.

2. Periodic maintenance: Instances like annual
contracts for decorations or repairs.

3. Regular or everyday maintenance: This is
more of the preventive type, like checking
rainwater gutters and servicing, mechanical
and electric installations.

1.4 Causes
problems

1. Low budget

2. Material specifications are not up to the
requirement

3. When there is lack of supervision or
checking during construction process.

4. Preventive maintenance is neglected

5. Faulty design and poor workmanship

6. Improper building maintenance policies
and standards

of building maintenance

7. Client’s  negligent attitude  towards
maintenance
8. Wrong selection of building material

components and system.
9. Lack of understanding the importance of
maintenance work.

1.5.About software

Statistical package for the social sciences
(SPSS) is a software broadly used for analysing
complicated statistical data. The data can be
batched or non-batched type. This software can
breakdown any complex data to its simplest
form and analysis is done easily.it is also used
to collect data from every file type and then
utilize them to produce charts , tabulated
reports , descriptive statistics , graphs and
many more.

The advantages of analysing date with the help
of SPSS software are:

—

Easy to understand

2. Time to require for data analysis is
comparatively less and more accurate in
SPSS

3. It is beneficial for analysing quantitative
data as well as qualitative data.

4. Any graphs or charts can be generated
based on the requirements of data
distribution of the user

5. The possibility of the occurrence of errors

is minimal.

2. Objectives

1. Identification of various factors that are
affecting maintenance of building

2. Data collection and processing of the major
factors by using Relative Rank Index
method in SPSS software

3. Analysing and optimising the major factors
using Analytic Hierarchy Process

4. Identification of major problems being
faced in a residential building and giving
recommendations for better maintenance in
future.

3. Methodology

This research study mainly aimed to
investigate the facilities provided in the given
case study. It primarily focuses on the
maintenance problems faced by the residents. It
also aims in providing recommendations to
reduce the maintenance problems and the
maintenance costs. A questionnaire survey was
taken through Google forms and collected data
was analysed through software called SPSS.

Similarly another questionnaire survey was
taken  from  the  professionals like
Academicians, Architects, and Engineers etc.
to identify the major affecting factors in
building maintence and was analysed through
SPSS and highly affected factors were found
out through analysis using two different
techniques. They are: Relative Rank Index
(RIT) and Analytical Hierarchy Process (AHP).
RII is used to know the relative importance of
each factor affecting the maintenance while in
AHP all the factors are organised based on
complexity and importance.

Special Issue on Engineering Technologies and Management 936

(Sept. - Oct. 2021)



Vidyabharati International Interdisciplinary Research Journal (Special Issue)

ISSN 2319-4979

3.1 Data collection
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Figurel.Flow chart for methodology

For the research work, an apartment in responses  from  all

Sahakarnagar in Bangalore was taken up as the

case study. A set of questionnaire was designed 3.2 Questionnaire design
to identify the major problems the residents

were facing in the

apartment. Another

Tablel: Questionnaire on facilities provided

civil

S1.No

Questions

1

How long have been living in your current apartment?

2

How satisfied or dissatisfied are you with the house you
live in terms of the building type?

How satisfied or dissatisfied are you with the quality of
natural light?

How satisfied or dissatisfied are you with the quality of
Artificial light?

Do you feel your apartment is safe and has good security
system?

On the scale below, please rate your satisfaction with the
following amenities.

How do you rate the infrastructure and amenities provided
overall?

Do you utilize all the amenities provide in your apartment?

How often do you see the lift?

10

Frequency of water supply?

questionnaire was circulated online to get

engineering

professionals to analyse the important factors.
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Table2: Questionnaire on maintenance issues

S1.No

Questions

Which season do you face more maintenance issues?

Is the budget allocated for maintenance properly being
utilized?

Do you face issues regularly with respect to the lifts?

Where do you find the leakage problems the most?

Do you face seepage issues in your flat?

Are the seepage symptoms wide spread or discrete?

_N| | N~ W

Have you faced any property/material damage due to
dampness?

Are the power failures immediately addressed and fixed?

Have you found any of the following symptoms on your
apartment walls?

10

What are the minor maintenance problems you are facing in
your apartment?

11

Does your apartment have an automatic maintenance problem
identification system?

12

Is the increase in maintenance cost every year being justified
and fixed accordingly?

13

Do you have any suggestions about the maintenance works for
your apartment from your point of view

Table.3: Questionnaire on maintenance factors

SI1.No

Criteria

Lack of preventive maintenance(maintenance culture).

Faulty workmanship during construction maintenance.

Design deficiency affecting building resolution/Outcome.

Use of substandard materials and building components.

Insufficient funds to mauntain the building.

N | B W N

Ignorance about the basic properties of building materials and
components.

|

Unavailability of skilled maintennace team.

Lack of building maintenance standard and policy.

Client’s attitude to maintenance.

10

Poor management of maintenance group.

11

Use of new/alternate material and components in building as per
engineering standards.

12

Low concern to future maintenance.

13

Delay in occupancy after completion.

14

Incorrect selection of building material component and system.

15

Inappropriate behaviour of occupants.

16

Lack of communication between maintenance contractors,
clients and users.

17

Advanced technology and design as per current engineering
standards.

18

Non availability of replacement parts and components.

19

Lack of understanding the importance of maintenance work.
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4. Results and Discussion

From the following pie chart, it can be depicted
the major maintenance problems in building/
apartment. The responses werecollected,
analysed and major problems were derived
based on the survey conducted. It shows that

34% of the responses have leakages and
plumbing works as the main reason for
maintenance problems. Whereas 26% for the
building amenities, 22% include other
problems like floor works, painting works etc.
And 12% for the lifts maintenance

Figure 2: Percentage of each problem identified from the questionnaire.

Lifts

MNone

Others

It thus depicts that leakages, amenities and
other factors are the major problems that was
identified through analysis from SPSS

4.1 Identified problems in apartment

According to the above studies, many problems
were noticed in the apartment and
recommendations were provided. Respondents
mentioned that improper communication
between maintenance managers and
professionals andengineers would lead to
unsatisfactory output. The residents faced
major issue with leakages, property damages
due to dampness, and residents living in lower
floors had ventilation problems, electrical
issues like faulty switches and lights
addressing power cuts etc. , no proper access to
all the amenities was the major problem faced
in the apartment. The management team also
mentioned about sunken floors, no solar water
heater, no proper security system, fire safety is
not effective, no intercom facilities etc.

Leakages

B Leakages

B Amenities

Others
MNone
m Lifts
Amenities
4.2 Relative Rank Index

The obtained data has to be analysed. Thus this
technique is used for comparing between the
importance’s of every variables. The variables
are represented with Likert scales which range
from 1 to 5 explaining the importance of each
variable obtained from respondents which have
to be converted into RRI factor with a value of
either one or less. Higher the value, more
important was the factors affected.

Relative index ranking can be derived by using
the given equation:

n
1
RRI = Wz ll-xi
i=1

4.3 Major factors affecting themaintenance
of any structure

This study presents the identification of the
different factors affecting the building
maintenance. Here nineteen factors have been
identified and ranks were given based on the
RRI factors.
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Table 4: Factors with their ranking

Rank Criteria RRI%
1 Design deficiency affecting building resolution/Outcome 82%
2 Faulty workmanship during construction/maintenance 81.4%
3 Use of substandard materials and building components 80.7%
4 Lack of understanding the importance of maintenance work 77.8%
5 Lack of communication between maintenance contractors, | 75.2%
clients and users.
6 Incorrect selection of building materials and components 74.5%
7 Ignorance selection of building material component and system | 72.7%
8 Unavailability of skilled maintenance team 71.6%
9 Poor management of maintenance group 71.2%
10 Lack of preventive maintenance(maintenance culture) 69.4%
11 Lack of building maintenance standard and policy 69%
12 Non availability of replacement parts and components 69%
13 Client’s attitude to maintenance 69%
14 Insufficient funds to maintain the building 67.6%
15 Low concern to future maintenance 65.8%
16 Advanced technology and design as per current engineering | 60%
standards.
17 Inappropriate behaviour of occupants 58.9%
18 Delay in occupancy after completion 57.8%
19 Use of new/alternate material and components in building as | 55.6%
per engineering standards

4.4 Analytical Hierarchy Process

Also termed as AHP technique is a decision
making tool or technique widely used for
calculating and rearrange the relative
weights of factors in accordance with their
priorities and break large complicated
problems into smaller fragments and make
it much easier.

Steps to be followed for preparing a
comparison matrix:
Evaluation of weightages
specifying the set of criteria.

is done by

Formulate a pair wise comparison matrix
with set of criteria (nx n) using Saaty’s
scale of pair wise comparison.

The pair wise comparisons are done in
terms of which most important element is
chose amongst the two.

Determine the relative importance of each
factor to accomplish priority weightages.
Calculate the Eigen vectors and find their
consistency index based on their Eigen
value.

Then calculate the consistency ratio.

The consistency ratio should be less than 0.11If it is more than 0.1 then change the pair wise
comparison matrix with different importance scale values or the comparison

Table 5: Factors considered

Factors

Values

Principal Eigen value

10.1

Size of matrix (n)

9

Consistency index (CI)

0.137

matrix ( RI)

Average random consistency for a 9*9

1.45

Consistency ratio (CR)

0.094

The Consistency Ratio value should be less or

be greater than 0.1. If it is greater, then the

equal to 0.1. Only then the inconsistency is
acceptable. The Consistency Ratio should not

vectors should be revised according to the
conditions.
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Thus it is observed that design deficiency is
the first and major factor that affects a
building maintenance.

The second most important factor is faulty
workmanship either during construction
and while maintenance.

Use of incorrect materials, lack of
maintence and lack of communication
between the professionals have been listed
as the top five factors according to the
respondents.

Whereas inappropriate  behaviour of
occupants, delay in occupancy and usage of
alternate materials are termed to be the
least affecting factors according to the
respondents.

5. Recommendations

The following recommendations should be
considered or implemented for minimizing
maintenance problems:

6. Conclusion

The maintenance management of any
structure is necessary to ensure safety of
the structure and for its life cycle.
Identification of problems and evaluating
them 1is the first step towards improvement
and  development of  maintenance
management.

Building maintenance works consists of all
administrative, managerial actions and
technical with effective and efficient
program. Building elemental and service
related maintenance problems such as
plumbing , electrical , sanitation , finishing
,peeling of paints , cracks and many more
seems to be the most common problems
being faced.

Therefore, the main aim of this study is to
highlight the significance of building
maintenance. The focus is to find out the
major problems being faced in regular

1. Introduce effective maintenance operation and maintenance of the particular
performance evaluation system through case study.
authorised maintenance department. Through Questionnaire survey it was easier
2. Perform periodic condition assessment / to find out the major factors that contribute
regular surveys on the problems faced for for building maintenance and thus focus on
prioritization of maintenance work is those majorly
determined. Through the second survey conducted and
3. Using planned preventive maintenance analysis on SPSS, we were able to find out
practice is preferable rather emergency or the major problem being faced by the
condition based maintenance. residents. Suitable recommendations were
4. Maintenance department should implement given in order to minimize the maintenance
maintenance tasks into a fixed system and costs.
keep record of all maintenance works AHP is a decision making technique widely
manually or by digital mean. The used for calculating and rearrange the
preventive maintenance should be checked relative weights of factors in accordance
to improvise it in future. with their priorities. A questionnaire survey
5. Develop building maintenance culture from civil line professionals and tenants
6. Manage adequate building maintenance conclude that “manpower input” is
fund. considered as a main criteria for building
7. The maintenance cost of buildings can be maintenance studies.
reduced considerably by taking precautions Buildings and facilitates provided, that
from the designing stage itself. aren't well maintained can result in
discomfort and result in injuries and harm
to the users.
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ABSTRACT

Construction works are ultimate objective of a design and this transformation of a design by construction to achieve
successful structure in integration of labour and machines, which transform a project into a reality. The non
mechanical process of construction work requires huge number of labours and consumes more time sometimes labor
cost is accountable for the rise in cost of construction work, The standardization of work is mainly relayed on the
expertization of the labour. Where in semi mechanical machines makes the work effortless, secure & rapid. Thus
minimal skilled labours are required for handling. This paper determines the integrated study of non mechanical and
mechanical based construction, The automatic wall plastering machine & stirrups bending machine are taken into
consideration for an RCC building as a case study. The comparison of budgeted cost of the building model is been

carried out using primavera P6

Keywords: Mechanical machines, Non mechanical, Optimization, Project management, Primavera..

Introduction

Construction venture entail transform the
specified plan developed by an engineer or
architect into a complete project. Construction
revolt has made the builder provide their
construction such as maximum output with
minimal construction cost as possible. In order
to have maximum output of the construction
work parameters like perfection, distinct and
exactness .This is possible either by the skilled
workers or by automatic mechanical machines
work by the non mechanical skilled workers
takes long time and sometimes results in under
efficiency .So it is preferable to make the work
as a automatic system for large construction
work using new automatic mechanical
machines available in the market. Thus make
the work possible to have perfection, distinct
and exactness. The builder is also concern
about the safety of the workers. This
automation of the work will give a solution for
safety to the worker in the site. The increase in
demand of the construction. The builder has to
increase their construction with good quality to
carry on the further constructions in the market
In order to obtain the good quality of the

construction work requires skilled workers
where as for the large construction required
more number of skilled workers and results rise
in cost of the construction work and also
sometimes there will be a shortage of the
skilled workers. Thus motivating the
automation in construction industry.

Objectives of the project

1. To study factors supporting choice of
building equipment

ii. To study the automatic mechanical
machines their operation, productivity,
speed, and cost of the machine.

iii. To study a project management tool
primavera p6 to make wuse of
accomplishment of the project.

To calculate the actual difference in cost of

non-mechanical work and the mechanical work
of construction for a particular building

About primavera

In major construction projects the numerous
tasks are involved in the project with huge
budget, it becomes difficult to manage the
numerous tasks manually by the project team.
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Thus it is useful to handle a management
software tool primavera p6. It enables better
planning and control over the entire project
tasks and also the project budget management.
The major desire of this paper is to focal point
on the difference of budgeted cost of the
building when it is constructed using automatic
mechanical machines and non mechanical
machine or skilled workers using primavera.
Factors Supporting The Choice Of
Construction Equipment:-

Some of the factors supporting the choice of
construction equipment are listed below

Economic consideration: Owning cost
and fuel cost are the most necessary in
selection of equipment vend value,
replacing cost of existing equipment and
retrieve value of equipment is also
important.

Company specific: The choice of
equipment by company may be control by
its plan on owning or renting. When it
comes to owning it result in purchasing of
equipment considering the future need of
projects. When it comes to renting can be
attentive on short period of benefits.
Operating requirement: The equipment
being purchased should be not difficult to
operate and it should consume less fuel and
it should have good retrieve value at the
period of its disposal.

Manufacturer specific: A company may
like better to purchase equipment from the
same manufacturer afresh and new this may
lead to get consistency in the tools fleet by
the company or the company is intimate
with the working style of the equipment.
Labor consideration: Sometimes there
will be a shortage of manpower will lead to
decide in good turn of acquire automated
equipment. Further, the choice of the

equipment may be control by the
accessibility or non-accessibility of trained
manpower.

Literature review

Abdullah azmi , DR, Syed Kkhursheed
ahmad, mohd danish (2017) [1], “selection
criteria of equipment in construction project”
In this paper the authors have explained that

equipment plays a necessary role in the
construction industry .Thus considering newly
discovered automatic machines in the project
which speed up the construction work and
reduce effort of the labors. The comparative
analysis between the manual work and the
automatic machine have been done finally
concluded that machines can reduce the
specified time which is much more required for
the manual work.

Prajeesh.v.p, Mr.N.Sakthivel [2016] [2],
“Management of equipment and machinery in
construction” This paper is to study how to
handle the equipment in construction industry
and comparing the equipment handling plans
with a case study of a construction industry. A
questioner survey has been carried out to
understand about the equipment management
plans in the construction industry and it has
been analyzed using tool (spss). Sobha city
project is considered as a case study. In sobha
company there is a separate department for
equipment management. This a group of
workers mechanics and engineer guide by the
project manager. The project manager is in
charge for taking decisions and to interrelate
with the head office. This paper concluded that
one third of the construction industry have
maintained a document plans and the major
aim of the management plan is to improve the
resources and build up the profits and
management plans of the builder and
construction industry to India advise that they
reach the aim of superior management and
stick to the finest plan suited to their condition.

M. Manikandan, prof. M .Adhiyaman,
DR. K.C Pazhani (2018) [3],The carried out a
work on “ A study and analysis of construction
equipment management used in construction
projects for improving productivity” The set of
questionnaires survey carried out for 15%
major companies in India and collected the
data analyzed the result using RII method.
This paper concluded that the production
output is attained by the major equipment
availability, To wupgrade productivity it is
necessary to improve the production of the
construction quality of control resource
management, site planning constructability are
the most powerful management related factors
that directly effects productivity.
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Mr.Mundada yogesh, Daunge
Gajendrakuma, Ghuge Rahul, Gaikwad
Kiran, Prof .Savant sachin (2018) [4],The
carried out a work on “ Review paper on
design of automatic wall plastering machine”
This paper aim to propose a quiet approach of
plot a plastering machine by automation
Automation is one of the best technology
among all. The goal of this plan is to rendering
the wall plastering mechanically. This
approach reduces the effort of the labors. This
automation machine is simple easy to operate
and light weight. This conception will also
reduce a 20% of raw material conclusion of
this paper is development of this method of
wall plastering in the construction industry will
reduce the problem of shortage of worker and
quality of construction can be maintained with
minimal wastage of materials.
Magbert Fernandes, Prescily Morais,
Devanand adelkar, Branzio Dacosta, Aaron
Desouza, Dr.h.k amaranth (2019) [5] “Rod
bending machine for  variable stirrup sizes”,
This paper explains that in construction works
bending of rod is very essential, bending of rod
making manually wastes time and effort of the
labour.Hence replaces manual work to the
machine work into the construction sector. In
this project only the labor work is to loading
and unloading the rod from the machine.
Stirrups of different sizes can be made using
this machine.This paper concludes that
utilizing machine in construction work reduces
time with maximum efficiency in work.
Chiranjeevi D.S,Dr.G Narayana,Rajeeva
S.S (2017) [6],They carried out study on
“Analysis on cost, schedule and tracking of
residential project by earn value management
method using primaverap6”.In this paper G+10
apartment with 2 blocks A and B are
considered as a construction project. The
project is tracked to obtain values of planned
value(PV) actual value (AV) and earned value
(EV) was scheduled using primavera p6.This
tool is used to analyses cost schedule and
project tracking also PMBOK will provide a
plans to maintain a project in a best
manageable way. The paper gives conclusion
to complete project on actual time, project has
to achieve 1.02% of quickness of planned
value on the third tracking duration 138 days
are left to finish all the activities. The schedule

performance index was 98% as planned value
this indicates that project is under planned
schedule.

Rajat, Masoom reza,(2019) [7],They carried
out a study on “Time and cost control using
primavera p6 in construction of contractor just
by using”. In this paper the project was
scheduled using primavera p6 and was
undertaken for an residential building (G+2) to
display how proper planning and scheduling is
done using tool primavera p6.The conclusion
was 40 days can be reduced by an contractor
just by using planning software tool and the
contractor will face a loss of about 25.5%
without proper planning and scheduling this
problem can overcome just by using a proper
tool for planning scheduling and tracking of the
project.

Methodology

To attain the objectives the methodology is
adopted in the project and stated as a flowchart.

Flowchart-1 Shows the methodology of the
project
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Data collection:

1. Collected literature papers related to the
title of the project.

ii. RCC building (G+2) duplex is
considered as case study, related these
drawings and details about the site and
construction are collected

iil.  Automatic mechanical machines

a. Automatic wall plastering machine

b. Automatic stirrup bending machine

Their productivity, capacity, speed, cost of the
machine and workers required to operate
machine all these information are collected
by referring from various literature papers and
also from the internet sources.

Detailed estimation:

Estimation of (G+2) duplex building is carried
out to know the cost of construction. The wall
plastering and stirrup bending manual works
are replaced by the automation system, Thus
replacement of manual work to the automation
cost of construction of building will vary hence
revised the estimation work of G+2  building

and finally compared with the cost of
construction.
Software:

(G+2) duplex building which is considered as a
case study of the project is been planned,
scheduled in primavera and proper resources
are allocated, analyzed and leveled based on
the working as in this project study some of the
manual work in construction site is replaced
with the automation system hence the budgeted
cost and time of construction will vary based
on that reports will be generated reports will be
studied and populated to meet the objective of
the project and proper conclusion will be
framed.

Details of Automatic Machines

Now days in construction sectors are highly
motorize to speed up the construction projects
there are various different types of equipment's
are available in market which is useful in
construction industry.
Two machines considered for this project study
are listed below.

1. Automatic stirrup bending machine
Automatic wall plastering machine

Automatic Stirrup Bending Machine

Figure-1: Automatic stirrup bending machine

D2N sona automatic stirrup making machine
the front panel of this machine is made up of
chromium steel and it has 2 motors on
operating unit. This makes the machine to
work at a speed of 150m/min. Machine is fixed

Automatic Wall P1

with a gather flap, cable inlet unit, anti twist
device in internal unit. Maximum feeding
speed is 70m/min, Net weight of machine is
1900kgs and it produces 200x200 mm units
stirrups in 2 seconds and 4000 stirrups per hour

astering Machine
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Figure-2: Automatic wall plastering machine

This wall plastering machine is very much
request for construction field. The wall
plastering machine works with the standard
cement mortar which gives smooth flat finish
to the wall. The thickness can be adjustable to
suit each application.

Working process:

The machine should be set near to the wall that
as to be plastered, place the machine in
horizontal position. Then the cement mortar is

poured into the hopper. The machine lifted up
with the help of rails, the mortar  to the
inclined portion/plane and then the mortar
sticks to the wall by the pressure of the
machine on the wall. When the machine moves
downwards makes the plaster smooth on the
surface of wall. Machine as two rails for
moving automatically hence it can be used for
different width and height of the wall

Table 1 comparison between manual and machine of stirrup bendin

Specification Manually | Machine Outcome
Price Rs.87.5 Rs.1240
No of stirrups 30 4000
Time 1 hour 1 hour | Benefit of Rs.2.59 over by machine
Cost of 1 stirrup Rs.2.9 Rs.0.31

Chart 1 Manual and machine work of stirrup bend
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Comparision Between Automatic Wall Plastering Machine And Manual
e Suppose if we buy this machine for 5 years its price is Rs.2,50,000

e Calculating it per hour will cost around

e Rs.7.00 per hour inclusive of worker charges and power charges.

Table 2 comparison between manual and machine of plastering work

Specification Manually | Machine Outcome
Price Rs.150 | Rs.18.75
Plastering quantity 50sqft | 538sqft
Time 1 hour 1 hour .
Cost of plastering of 1 Sqft Rs3 | Rs003 | Cenefitof Rs.2.97 over by machine

Chart 2 Manual and Machine work of plastering
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About The Case Study Model
i.  Case study model considered for the works-DUPLEX VILLA OF G+2.
ii.  Location of building-Srirampura, penn field gardens Bangalore.
iii.  Total Gross area-5500 Sqft.
iv.  Estimated budget-Rs.16,299, 979.685.3

Details Of Stirrup
Formula for calculating number of stirrups
Number of stirrups- Total length
c/c distance +1

Table 3 Total number of stirrups

TOTAL NUMBER OF STIRRUPS
Skno Description Number of stirrups
1 Column 3204
2 Plinth beam 376
3 Lintels 1049
4 Roof beam 2211
5 Total 6840

Table 4 Comparison between manual and machine work of stirrup making

COMPARISION BETWEEN MANUAL AND MACHINE OF

PLASTERING WORK
Specification Manual Machine Outcome
Plastering 14,604.03 Sqft 14,604.03 Sqft
quantity
Cost of Rs.3.00 Rs.0.03 Benefit of
plastering 1 Sqft Rs.43,373.97
Amount Rs.43,812.09 Rs.438.12 over by machine
Duration 12days 2 days
Table.S Comparison between manual and machine work of plastering
COMPARISION BETWEEN MANUAL AND MACHINE WORK OF
STIRRUP MAKING
Specification Manual Machine Outcome
no of stirrup 6840 6840
Cost of 1 stirrup Rs.2.9 Rs.0.31 Benefit of
Amount Rs.19,836 Rs.2120 Rs.17,715 over
by machine

Table 6 Total quantity of plastering work

TOTAL QUANTITY OF PLASTERING WORK
Slno Description Quantity of plastering work in Sqft
1 Ground floor 5132.7
2 First floor 5845.95
3 Second floor 3625.38
4 Total 14604.03 Sqft
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Graph-1 Activity usage profile of wall plastering machine with cost
Graph-2 Activity usage profile of stirrup bending machine with cost

1. (G+2) duplex of overall area 5500 Sqft. 1v.
Project is analyzed in primavera p6,In this
study automatic stirrup bending and
plastering machine is adopted in place of
manual work.

ii. The results obtained using automatic
machines the optimization of project were
verify by differentiate it with results vi.
acquire by manual work.

iii. For the activity of plastering work

actual duration is 29 days when the task is
completed using automatic machine the
duration reduced to 2 days B
iv. For the activity of stirrup making i
manually it takes around 10 days when this
activity is done using machine it reduced

to 2hours.

v. Cost comparision of plastering and

stirrup making machine is done by
manually and also in primavera.The results Vil
obtained is for the plastering work
manually is found around Rs.43,812.09

and were has using machine it cost around
Rs.438.12 for same quantity of plaster.

Similarly for stirrup bending the results found
are manually it costs Rs.19,836 were has using
machine it costs Rs.2120 for same number of ix.
stirrups.

Conclusion

i.  According to my research study, machine
plays a vital role in today’s scenario they
are very challenging and motorizing the
projects which finishes the task in specify
time with effortless, secure and perfection
of the task with less wastage of material

ii. Proper choice of the machine or any
equipment 1is also very necessary in
construction because it directly effects the
cost of the construction work.

iii. It is important for the contractors and site
managers to know the factors supporting
the selection of construction equipment
before selecting any machine or equipment
for the construction.

X1.

Xil.

By the application of the (G+2) duplex
project in primavera it gives an idea of
proper planning, monitoring, controlling
and timely finish of a project.

This can be concluded that primavera p6
software is most useful for the project
manager for managing the project in
proper way.

The use of automatic wall plastering and
stirrup bending machine for the case study
(G+2) duplex. Based on the results
obtained could like to conclude that overall
budgeted cost of the building reduced to
10 % .

When it is compared with the individual
activity plastering work it is found that
98 % reduction and 12days reduction
in duration. Were as for the stirrup bending
activity results found that 89 % of cost
reduction and 10 days reduction in
duration.

The case study project considered for the
project is (G+2) duplex having area 5500
Sqft, it is small project consists of only
221 activities .For this small project of
case study using automatic machine for
only 2 activities that is plastering and
stirrup bending machine overall budgeted
cost found 10 % reduction.

Suppose If we consider bigger project of
larger area and with more number of
floors then nearly 20 to 25% reduction can
be found in cost of construction.

For this small project plastering work
completing it manually duration found to
be 12days but completing it using machine
reduced to 2days if this automatic machine
is taken into account for the larger
construction duration will reduce around 1
or 2 months.

In this project bending stirrups manually
the duration is around 10 days by using
machine it is only 2 hours if we consider
this machine for the bigger project which
takes 2 years to complete the project then
simply by using this machine 2 or 3
months can be reduced.

Finally like to conclude that using
automatic machines for any  project
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completes the work in specify time along
with higher productivity and standard of

work with lesser wastage of material
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ABSTRACT

The objective of this research is to analyze and reflect on critical thinking in university students in the range 2009-
2021. In order to review the literature, 33 articles were examined, of which 21 articles obtained from the open access
databases: Scopus, Ebsco and Science direct; in English and Spanish were analyzed. The search equations were:
"critical thinking" AND "university student"”, and in English: "critical thinking" AND "university student". In addition,
the analysis focused on the psychological, philosophical, social and innovative aspects of thinking, critical thinking as
a competence and the level of critical thinking in universities. The results show that teachers and students vaguely
understand the meaning of critical thinking; likewise, it is established that the critical thinking of university students is
at an intermediate and low level; in addition, the working world demands professionals with competencies in critical
thinking, problem solving and decision making. Consequently, students should develop skills that allow them freedom
of expression, participate in debates and time to reflect, in order to make good personal, professional, labor and

political decisions.

Keywords: Autonomy, argumentation, active learning, metacognition, competence.

Introduction

In the literature of critical thinking, it has its
origins in philosophy and psychology, later it
arises in the context of education. At the same
time, philosophy sees the critical thinker based
on his qualities and characteristics, while
psychology sees the critical thinker based on
his abilities or actions, just as education is
framed in the teaching and evaluation of skills,
including skills. The main concepts of critical
thinking are those that make up decision-
making, judgment and reasoning (Carbogim et
al., 2016).

Likewise, teachers define critical thinking in
six categories: capacity for analysis and
organization, reasoning and argumentation,
questioning and  inquiring,  evaluation,
positioning and decision-making, action and
commitment. Additionally, the competition
does not end in the classroom, but is
transferable for the entire life of the student
(Bezanilla-Albisua et al., 2018).

However, the activity of thinking critically
allows to make rational and contextualized
questions to the subject that is being dealt with,
hence, one could have different positions;
There may even be poorly constructed
arguments and inconsistencies, all of which
depends on experience (Tamayo et al., 2020).

Similarly, critical thinking encompasses
intellectual processes such as conceptualizing,
applying, analyzing, synthesizing, and
evaluating; However, when critically processed
through observation, reasoning and reflection
serve for rational guidance and belief (Scriven
& Paul, 2015, cited in Fandifio et al., 2021).
Hence, critical thinking could be exercised
through reading and writing (Fandifio et al.,
2021)

Additionally, it is evident that in current
research there is no consensus between
educators and researchers regarding the
definition and instruction of critical thinking, in
this sense, it could encompass one or more
components such as informal logic,
metacognition, problem solving, and media
literacy (Mena, 2020).

We also see that critical thinking 1is
multidimensional in nature and cannot be
approached with a single educational medium,
however, it is a transversal work of educational
means focused on the way of thinking and with
actions in textual typologies such as narration,
description, explanation, argumentation and
dialogue, in a way that would help the
development of thought (Mena, 2020). Along
the same lines, every person who has
developed critical thinking shows the following
characteristics: openness to change, cognitive
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simplicity, free thinking, intellectually
integrity, trusts their criteria, self-motivation
and willingness to change (Guevara et al.,
2019).

Importantly, the most significant technological
learning means for increasing critical thinking
are, among others: 3D projects, 2.0 tools
(personalized teaching, social and educational
social networks), software development,
forums, blogs, chats, group of news, online
advertisements, online games, forms, online
questionnaires, email and applications for file
transfers. Likewise, there is no research that
affirms that artificial intelligence helps humans
to achieve higher-order thinking such as critical
(Lengua et al., 2020).

Continuing in this order of ideas, it is important
to highlight that critical thinking is involved in
the work context, so it is necessary to build
tools that facilitate the development of
cognitive skills for the learner; to be able to
learn to think from an investigative perspective
in the field of education; Likewise, the
constitutive elements of critical thinking are:
“flexibility in  thinking, = metacognition,
cognitive abilities, predisposition and beliefs”
(Aguilar et al., 2020, p.3-4).

It is important to note that we live in a
globalized, pluralistic society with a lot of
information, it is even recognized that critical
thinking is a significant competence that must
be developed in university classrooms, shared
with teachers, since it would help to train good
professionals in a complex world, if and only if
active methodologies are used that allow
reaching minimum levels of critical thinking
competence (Bezanilla et al., 2021).

It is also stated that university students and
teachers consider critical thinking as an
implicit knowledge that is developed through
social interactions, and highlights the
importance of explicit debate that would help
promote critical thinking (Duro et al., 2013). In
the same way, argumentation is a skill that is
part of critical thinking and that is related to the
ability to have an independent opinion;
However, activities to develop critical thinking
have been disappearing in the higher education
curriculum of wvarious countries, labeling

cooperation, teamwork, among others, as
critical thinking capacities (Mosquera et al.,
2017).

On the other hand, the employability of critical
thinking has fundamentally influenced as an
irreplaceable competence in professional
improvement in a context of change; Hence, it
is essential for innovation, improvement,
creativity and commitment, all this leads to the
issuance of judgments with freedom,
autonomy, sovereignty and the truth. Even
employers consider critical thinking at the
managerial, technical, middle management,
administrative employee and operator levels as
a requirement because they all have a
responsibility, even in the cited research
(Committee for Economic Development 2015)
it is stated that more competence difficult to
find in workers is critical thinking and problem
solving (Bezanilla-Albisua et al., 2018).

Additionally, the investigation is rescued
where the measurement was carried out on 310
Paraguayan university students who were
completing their studies in education,
communication, letters, history, philosophy and
psychology, to establish how critical thinking
skills were developed; The research concluded
that 68.85% of the participants were located at
the intermediate level of critical thinking;
However, despite efforts to develop these
skills, traditional uncritical thinking and
technical thinking are still followed (Canese de
Estigarribia, 2020).

In the following research, carried out on 100
university students from Colombia from the
program of sports science, engineering and a
degree in linguistics and literature of the
second semester in order to measure the
analysis, interpretation, evaluation, inference
and explanation of critical thinking; The results
showed a moderately achieved level of critical
thinking, which limits them to make arguments
below what is expected in university students;
For this reason, the need to design strategies in
enriched environments and in didactic
sequences is imposed (Garcia et al., 2020).

On the other hand, research carried out on
undergraduate students in Peru showed a direct
relationship between critical thinking and
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academic performance (Guevara et al., 2019).
In addition, studies carried out in the
specialties of economic engineering, social
sciences as well as statistics showed low and
medium levels of critical thinking, especially in
the inference dimension (Davila, 2018, cited in
Betancourth et al., 2019).

Continuing with the description of the research,
on the transcendence of critical thinking in
higher education, 142 university teachers
among Latin Americans and Spaniards were
asked about the importance of teaching critical
thinking at a higher level, which they argue is
essential, of a nature cross-sectional since it is
multidisciplinary, and it is a complex
competence because it requires time to develop
it, however, there was a deficit to get involved
both from the university institution and the
teachers, additionally it is stated that not all
teachers are trained, especially the teachers. of
exact sciences, the lack of interest of the
students is not alien either since they do not
deepen the topics, it is suggested that
methodologies be developed that can develop
cases, debates and other activities that awaken
a critical spirit among the students. Likewise,
dogmatism in universities does not allow the
acceptance of new opinions and behaviors that
contradict what is established (Bezanilla et al.,
2021).

In the 10th international congress on research
in didactics of science in Seville-Spain, it is
mentioned that critical thinking skills imply
interpreting, analyzing, inferring, evaluating,
explaining, self-regulating; Likewise, the
dispositions of critical thinking are the search
for certainty, open mind, analytical thinking,
capacity to systematize, self-confidence,
inquiring and cognitively mature, even the
importance of Socratic dialogues that allows
developing their own knowledge (Mosquera et
al., 2017).

In Brazil, the national curricular guidelines
allow a curricular permeability that makes
possible the pedagogical projects oriented to
the needs such as teaching, job generation and
satisfaction to the community, this does not
imply that the problematization of critical
thinking is left aside, which runs its course
(Carbogim et al., 2016).

In the research carried out in Mexico at a
private university, 512 students of the second,
third, fourth, seventh and eighth cycle of
medicine were sampled, in whose results it is
evidenced that students express themselves
fluently by looking at the face, demonstrate
confidence when interacting with the evaluator
and evaluate their thoughts with support, but
they are not able to fully defend their position
in the face of the questions (Olivares et al.,
2018).

On the other hand, in the Western world both
in the last century and in the present, the
tendency is to impose universal principles in a
globalized multicultural reality, since many
power groups consider it as dangerous to
critical thinking, for this reason universities do
not There is constant work in the development
of thought, but there is a resurgence through
the web such as virtual communication, social
networks, among others (Huitron, 2014).

In the same way, a consumerist society is
appreciated which imposes a way of life
dedicated to leisure and the superficial,
therefore it is required to encourage and
execute actions that favor the development of
critical thinking and what better from the hand
of education, since It is crucial to have more
sociable human beings (Chuquimarca et al.,
2017).

Participation based on dialogue allows the
construction of critical reasoning, for this
reason it is necessary to promote the processes
of inquiry and problematization of knowledge
and inferences, which allows promoting the
generation of alternative solutions. Likewise, it
is evidenced that the participation of university
students in the first cycle of their university
career is low, but as they go to higher cycles it
increases (Monarca, 2013). Even in an
environment of dialogue and debate it is an
opportunity to build, rebuild and validate the
personal meanings of students (Pérez, 2010,
cited in Monarca, 2013).

The great challenge for educational institutions
is not to transmit information but to develop a
critical reading for decision-making (Oliveras
& Sanmarti, 2009). However, in the reading
process, university students can identify
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relevant aspects, but the comparison and
reflection with the current reality is scarce;
Additionally, research reveals that -critical
reading, apart from being considered a
competence in university classrooms, is little
studied (Diaz et al., 2015). In the same way,
the reflection process begins with recognizing
the positive and negative aspects, comparing
the development and results of an activity
reflected in the university classroom, therefore
it allows to establish the causes generating a
self-judgment (Hernandez & Camargo, 2017).

In addition, it is important to highlight that the
goal of universities is to cultivate critical
thinking, personal autonomy and, above all, to
reinforce the concept of always learning with a
constructivist critical spirit (Unesco, 2009).
Likewise, every teacher must be a catalyst for
designing new pedagogical and didactic
proposals in order for the university student to
acquire  application  knowledge,  skills,
aptitudes, innovative analysis, autonomous
reflection and collaborative  work in
multicultural contexts where theory, practice
are interrelated. , contemporary science and
technology without neglecting the common
welfare even though there are social
differences (Marti et al., 2014).

Along the same lines, it must be taken into
account that critical thinking can be built
through an incident that is reflected in different
contexts; but, especially in private companies
to understand the most relevant problems and
give them possible solutions; To do this, the
following steps must be followed: write a
critical incident report (space, time and actors),
describe the emotions involved in the actors
involved in the problem, find out how the
actors face this problem, collect the evidence of
the actions of the participants (problems and
consequences), pose dilemmas and finally,
extrapolate the teachings of the incident
(Morén-Barrios et al., 2020).

Critical inquiry helps identify what hinders
human self-actualization. However, it proposes
the revitalization of critical thinking not only
by having a position of reality but also by
analyzing the scientific, philosophical, political
and artistic field (Jaimez, 2016).

The National Association of Higher Education
Universities highlights that it is not possible
that through traditional methods competences
that allow comprehensive training can be
achieved both in the academic, social, cultural
and emotional aspects, either in the basic
school training stage or after graduation from
the university (Malo, 2000). Even UNESCO
and the OECD emphasized that comprehensive
training in academic knowledge and socio-
affective skills is of the utmost urgency in
order to achieve success in the labor field; For
this reason, it is important to apply public
policies that guide knowledge about what to
investigate and what skills to develop
(Fragoso-Luzuriaga, 2015).

The judgment is a personal intuition tool that is
frequently used in the field of engineering,
giving it a greater connotation of art than
purely science, this is reflected after
performing engineering calculations where not
so clear hypotheses are generated, where the
use of the judgment and reason (Serna & Polo,
2014). Consequently, it is important to promote
critical thinking as a key element for the
training of people useful to society (Unesco,
1998).

The purpose of this research is to carry out a
reflective analysis about the critical thinking of
university students in the 2009-2021 range.

Methods

In this research, the literature was reviewed
analyzing the psychological, philosophical,
social and innovative conception of critical
thinking, likewise, critical thinking as
competence, and the level of critical thinking in
universities.

The analysis-synthesis method was used,
which allows a previous study of identification,
comparison, application of the scientific
evidence found to be carried out in order to
then  synthesize the most significant
information, and thus make known the
behavior of critical thinking in university
students and that wvariables affect its
development.

The search was carried out in Spanish and
English, between the years 2009-2021, in the
open access database: Scopus, Ebsco and
Science direct, likewise, the selection of the
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articles was carried out using the following
equations in Spanish: “Pensamiento critico”
AND “estudiante universitario”, and english:
"Critical thinking” AND “university student”.
The inclusion criteria were critical thinking and
university students; and the exclusion criteria
were primary and secondary student, teachers.
The search result gave a total of 306,478
documents, of which 295,613 and 10,832 were
excluded because they were not freely
accessible because it was considered that the
title, abstract, and keywords did not fit our
review line; Consequently, 33 investigations
were selected from the total of those reviewed,
of which they were: 6 in English and 27 in
Spanish. In Scopus 2; Ebscol9 and in Science
direct 12.
Results

During the review process of the scientific
articles, various studies were compiled with a
qualitative (27), quantitative (5) and mixed (1)
approach related to critical thinking in
university students.

Research around the critical thinking of
university students shows that they are at an
intermediate and low level; affecting the ability
to analyze, interpret, evaluate, infer and argue;
Furthermore, despite the work aimed at
increasing these skills, no significant changes
have been observed to reason, deduce and
induce and apply it in pragmatic activities
(Guevara et al., 2019; Garcia et al., 2020;
Betancourth et al.,, 2019; Canese de
Estigarribia, 2020).

Research carried out in the United Kingdom
with 26 students and 4 university professors
from the specialty of psychology at the
University of Derby shows that both students
and teachers vaguely understand the meaning
of critical thinking; Likewise, it is concluded
that it could not be explicitly taught since it is
an intuitive ability, and the acquisition of
critical thinking skills are part of an
evolutionary learning since it is demonstrated
at the end of the process (Duro et al., 2013).

The research carried out in Mexico with 27
university students from the graphic design
branch of the Autonomous University of
Aguascalientes shows that they need to

increase their abilities to argue facts related to
the foundations of critical thinking through
instrumental,  iconic, iconological and
hermeneutical reading. ; in order to increase the
capacities to raise and understand the
arguments related to the constructs that make
up the iconosphere and strengthen the
qualification of its professionals (Lopez &
Villa, 2017)

In the same way, critical thinking is difficult to
work in a focused, interrelated and coherent
way in the university environment because it is
not possible to work with a single educational
resource; In addition, actions of narrative,
descriptive, explanatory, argumentative, and
dialogic help must be taken to help the
development of thought (Bezanilla et al., 2021;
Mena, 2020).

The ability to criticize and argue of students is
achieved by strengthening critical reading
ability and the narrative of academic
argumentation through intervention programs
in communication skills; Additionally, reading
and writing for concrete and specific purposes
may limit the student's awareness, reflection
and criticism (Torres, 2020).

University teachers should promote critical
thinking, through the use of reflective thinking
as it encourages the construction of knowledge
and promotes the use of critical study methods
(Lossio & Ferrero, 2013)

It should be noted that the university must
channel the teaching-learning process, so that it
consolidates truly significant learning and
plays a fundamental role in the development of
critical thinking both when reading, writing
and communicating (Chuquimarca et al., 2017;
Diaz et al.., 2015).

On the other hand, university teachers consider
essays the most effective tool for developing
the basic and complex cognitive skills that
critical thinking involves (Fandifio et al.,
2021). Even writing, inquiry, collaboration and
reflection effectively help the development of
critical thinking skills if applied in a
laboratory, but if applied in a traditional way
the results will be the same (Stephenson &
Sadler-Mcknight, 2019).
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In the same way, educational intervention
programs based on active learning strategies
such as critical debate, argumentation, ICT,
cognitive skills and research lead to improving
independence,  decision-making,  solving
problems and above all improving academic
performance (Betancourth et al., 2019; Canese
de Estigarribia, 2020; Duro et al., 2013;
Aguilar et al.,, 2020). Additionally, various
strategies are used, such as: brainstorming,
holding workshops and seminars, time
management, perseverance in carrying out an
activity, working with peers, contrasting new
and old information to generate a new one,
repeating the information, having an
organizational spirit, using critical thinking and
the search for an expert on the subject reinforce
active learning, generating autonomy and self-
control (Fandifio et al., 2021; Broadbent &
Poon, 2015)

Even, we must give importance to the practice
of argumentation to have people with
participatory and democratic capacity who
support political, economic and moral power
(Mosquera et al., 2017; Huitron, 2014); An
evidence of this is the teaching policies in
Brazil that have driven discussions as part of
the training of nurses in critical thinking
(Carbogim et al., 2016).

The world of work requires professionals with
skills in critical thinking, problem solving and
decision-making, likewise the first two skills
are difficult to find in future professionals
(Carbogim et al., 2016; Bezanilla-Albisua et
al., 2018 In addition, decision-making leads to
the use of logical and hierarchical thinking and
develops from exposure to similar situations
(Avila-Tomas et al., 2020). Finally, let's not
forget to connect science with the real world to
have better results (Oliveras & Sanmarti,
2009).

Discussion

Critical thinking will always be considered a
stumbling block because of the thinking that is
leading in this globalized world (Huitron,
2014); Hence, study centers should not
necessarily focus on developing critical
thinking from a psychological approach, but
also on a philosophical, social, scientific and
technological basis.

Likewise, critical research goes beyond
awareness of how to channel real utopias
(Jaimez, 2016), in this sense, while there is life,
we must materialize our objectives as teachers
for the effectiveness of the development of
critical thinking in university students.

On the other hand, it is important to sow
reflection through the use of identification,
comparison and analysis to establish the causes
that generate the problem; therefore, the
aforementioned actions would allow the
development of self-judgment (Hernandez &
Camargo, 2017).

In the same way, there is little research on the
implication of critical reading in the
development of university students in the last
academic semesters (Diaz et al., 2015), given
what has been stated, if we want to develop
critical thinking, all of them have to be
investigated. the variables that help its
development.

Undoubtedly, we are in a time where artificial
intelligence is in its immature state, even so,
machines continue to control, in that sense
there are no studies that relate the
aforementioned intelligence to critical thinking
(Lengua et al., 2020).

All these changes allow decisions to be made
in the didactic aspect, teaching-learning and
mediation mechanism, to strengthen student,
teacher and interest group interactions to have
critical students who can overcome their
difficulties after self-regulation.

Conclusions

Higher education aims to generate autonomous
and proactive behavior in university students
that promotes the common good through good
judgment (Marti et al., 2014); Hence, the
following competencies should be worked on
in university students: collaborative work,
motivating interactions, interpersonal skills,
decision making, problem solving,
organization, help, commitment, respect,
recognition of multiculturalism and especially
critical reasoning ( Moran-Barrios et al., 2020).

However, the level of critical thinking in
universities is at an intermediate to low level,
in this sense it cannot be continued in
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universities  applying  traditional  active
strategies, since we would continue with the
same results.  Additionally, after the
investigation, it is found that the tools of the
web 2.0 and the application of the skills of
critical thinking in the laboratories allow
obtaining efficiency in the development of
critical thinking.

Finally, the university is the environment
where the university student consolidates the

development of critical thinking using active
learning strategies to be a professional agent of
change for society. That is why every
university student who has developed critical
thinking is open-minded, listens to his
neighbor, identifies problems, reflects and
generates solution proposals through decision-
making and complements it with innovation.
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THERMODYNAMIC MODELING OF EXTENDED EXPANSION LEAN BURN SPARK
IGNITION (EELBSI) ENGINE WORKING ON OTTO-ATKINSON CYCLE FUELED
WITH NATURAL GAS

D. Damodara Reddy' & G.R. Selokar’
SSSUTMS, Sehore, MP, India

ABSTRACT

The In the evolution of internal combustion (IC) engines, there has been a long-term endeavor to decrease fuel
utilization and exhaust pollutants. One of the major issues battling scientists and engineers in the automotive sector is
to improve fuel efficiency while lowering pollutants. One way of improving thermal efficiency and reduction of exhaust
emission pollutants is the EELBSI engine. Extended expansion (EE) Engines are those that have a larger expansion
ratio (ER) than compression ratio (CR). A lean-burn (LB) engine is alluding to the combustion of fuel with excess air,
i.e., a lean amount of fuel. This paper describes the development of a thermodynamic model for the processes of
compression, combustion, and expansion of a 4-stroke EELBSIE working on the Otto-Atkinson (OA) cycle fueled with
Natural Gas (NG). The combustion and exhaust properties of the EELBSI engine fueled with NG working on the OA
cycle were studied in this work. Emission characteristics such as nitric oxide and unburned hydrocarbons were
projected. The result showed differentiates the performance and emission properties of 4-stroke EELBSI engine fueled
with NG with an expansion to compression (ER/CR) as 1.5 with the base lean burn engine. NO, emissions can be
considerably reduced by using a LB method.

Keywords: Extended expansion, Lean Burn, Thermodynamic modeling, Otto-Atkinson cycle, Natural Gas

Abbreviations:

BTE — Brake Thermal Efficiency
CR — Compression Ratio

EE — Extended Expansion
EELBSI - Extended Expansion Lean Burn Spark Ignition
ER — Expansion Ratio

GHG — Green House Gas

IC — Internal Combustion

IVCT — Inlet Valve Closing Time
LB — Lean Burn

LIVC — Late Inlet Valve Close
NG — Natural Gas

OA - Otto-Atkinson

SI — Spark Ignition

Introduction

Thermodynamic modeling is a method for
studying several variables in a parametric
way. Thermodynamic models can aid in the
prediction and comprehension of
temperature. When utilizing thermodynamic
equations for simulating, all of the reactions
that are taken into account must reach
equilibrium [1]-[3]. CR is equivalent to ER
in a traditional SI engine. Throttling is used
to control load in such engines, which again
is primarily liable for low part load
efficiency [4]. The combustion process
limits the CR in SI engines, although the ER
can be extended. The IC engine with more
ER than the CR is alluding as an EE engine

[5]. In a SI engine, the CR is deterred by the
ignition process; however, the ER can be
prolonged. Increasing the ER regrettably
increases the CR also. The inlet valve can be
closed late in the compression phase or early
in the compression process. The p-V
diagram of the Otto cycle is changed into an
OA cycle when the inlet valve is closed late.
The principle of EE process is adapted to a
4-stroke SI engine based on the OA cycle.
According to Atkinson cycle,
Expansion Ratio(ER)
Volume at the begining of expansion

Volume at the end of compression
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Compression Ratio(CR)
_ Volume at the begining of compression

Volume at the end of compression

OA Engine has more efficiency than a SI
engine working on the Otto cycle at part
loads. The expansion process is prolonged in
an OA cycle till the pressure at the
completion of expansion is ambient. In an
IC engine, LB alludes to the combustion of
fuel with an excess of air. The optimal air-
fuel ratio is 14.7:1, although a real LB
engine can reach 32:1 [6]. CO, emissions
are lowered by better efficiency, while NOy
emissions are lowered by lower combustion
temperatures with lean burn. In a vast scope
of combustion settings, LB can give low
emissions, especially NOyx emissions. More
oxygen available, combustion process is
more efficient and more amount of power is
produced from the same amount of fuel [7].

The OA cycle-based 4-stroke SI engine
can use the EE principle. The expansion
process is extended in an Atkinson cycle till
the pressure at the completion of expansion
equals atmospheric pressure. When the ER
is increased, the compression ratio is
likewise increased. By opening the inlet
valve for extended periods of time, the CR
can be reduced. This thermodynamic
modeling shows how the Atkinson cycle
improves thermal efficiency and can be used
to evaluate engine performance [8].

»

v me, V Entropy, S
Fig.1 p-V diagram of Otto-Atkinson cycle (Theoretical)  Fig.2 T-s diagram of Otto-Atkinson Cycle (Theoretical)

Thermodynamic Modeling Of Eelbsi
Engine

In order to outfit the practical situations,
the following assumptions are taken into
account when developing the
thermodynamic model.

» The ideal gas formula is appropriate.

» The charge within the cylinder at any
moment comprises of the fuel-air
mixture and leftover gasses.

» The walls of the combustion chamber
are considered without any deposit
formation.

» The pressure of burned and unburned
zones is considered to be invariable
at a specified crank angle.

» Metal superficial temperatures of all
the surfaces are fixed throughout the
cycle.

» The flow rates are measured from the
equations of one-dimensional, quasi-
steady flow rate.

Heat supplied by
combustion (Q.,)

Air-fuel

mixture (Np) \\‘
.‘\,I

Exhaust
gﬂs (hlout)

Heat lost through
cylinder walls, piston
Residual gas(Ny) "> top, and the botfom
of the cylinder head
Q

|

V7
W

Net work done (W)
Fig. 3 Simplified Diagram of Thermodynamic Modeling

Fig. 3 shows a simplified diagram of the
thermodynamic modeling of an EELBSI
engine. Modeling consists of different
processes such as compression, ignition, and
expansion.

The p-V diagram of the OA engine at
1500 rpm is shown in Fig. 4. After the
intake process, compression begins at a
lower volume than the end of expansion.
Over expansion occurs as a result of the
volume discrepancies, which is why this
engine can operate in the Atkinson
thermodynamic cycle. The combustion
process will start after the compression
phase, which was completed at a practically
constant volume for the most part.
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Fig. 4 P-V diagram of Atkinson
engine
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The utilization of a constant volume
ignition chamber in this engine allows for
essentially constant volume combustion. The
expansion was also carried out in two phases
because of recovery and fusion of the centre
intake volume in the middle of the induction
process, so we did it.

Compression Process:

The computation was started from the
closing of the inlet valve, and the process of
compression was considered to begin from
this point. During the process of
compression, the mixture in the cylinder was
considered to consist of the fuel-air mixture
and the unburned gas. In the first iteration,
temperature and pressure at the start of
compression were considered and the
fraction of residual gas was considered to be
zero. At the end of the first iteration, the
parameters are calculated and the iteration is
repeated until the intake temperature
converges. The parameters are determined at
the end of the first iteration, and the
iteration is repeated until the temperature of
intake converges.

Combustion Process:

The Wiebe’s equation was used for the
fraction of mass burnt

X(0)=1—exp [—a <6A_efi>m+1]

Where,
0 = Crank angle (deg),

0; = Crank angle at the beginning of

AB, = Total combustion duration (deg)

The parameters ‘a’ and ‘m’ are adjustable,
selected to contribute a match with the
experimental information.

Where a = 5 and m = 2.2 as per the
Heywood, et al. [10].

Emission Characteristics:

Level Kinetics of Nitric
Formation

The measurements were built on the
equilibrium consideration except for the
NOx formation, where the mechanism of
extended Zeldovich was used [11]

N+NO &N, +0
N+0, o NO+0
N+ OH o NO + H

The final equation rate for [NO]
1 d([NO].V.,)
Ven’ dt

Oxide

RI
1+ aNo (ﬁ)

Unburned Hydrocarbon (UBHC):

The rate expression used to forecast
unburned hydrocarbon is a fair match to
experimental data on unburned hydrocarbon
burning [12].
d[HC]

dt

= —6.7 x 10%exp

=2(1—a*No)

[~ eito.) (o)

Carbon Monoxide (CO):

The emissions of CO lie between those at
high pressure for balance and the
equilibrium at the opening of the exhaust
valve [13]. In this analysis, the CO emission
was estimated at peak pressure and
temperature based on equilibrium.

Experimental Setup:

A 4-stroke, single-cylinder, water-cooled
CI engine was used for the experiment. The
CI engine was modified to work on the OA
cycle by substituting the fuel injector and

combustion  (deg), fuel injection pump with a Venturi type
carburetor, an ignition system, and a spark
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plug. The CR of the engine was decreased to
the necessary values by adjusting the
clearance volume. To run the engine as an
EELBSI engine the following changes were
made. The sparkplug is fitted in the injector
hole as the layout of the valve did not permit
the middle portion of the plug though the
middle portion of the plug is assumed to be
ideal as shown in figure 4. A decrease in the
CR is attained by decreasing the clearance
volume.

Spark Plug

Fig.5 Location of Spark Plug in the Cylinder Head

The clearance volume of the actual engine
was decreased by inserting the shims of
standard thickness in between the crankcase
and cylinder block. The clearance volume
was decreased to change the ER and to
maintain CR fixed depending on the LIVC.
The current work distinguishes the
performance and emission properties of the
original lean burn engine with the EELBSI
engine. The ER/CR is 1.5 and the CR of 8.5.

Brake Power

The results shown here distinguishes the
lean burn operation performance properties
of base LB engine ER/CR = 1 as shown in
figure 6 and the EELBSI engine ER/CR =
1.5 for various air fuel ratios. As the mixture
grows leaner, the BP output falls. When a
mixture is extremely lean, power output
drops dramatically.

Fig.6 Variation of Brake Power with Air Fuel Ratio
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Figure 6 indicates the change of BP with
the air-fuel ratio for the ER/CR of 1 and 1.5.
The BP reduces as the charge becomes lean.
The power output decreases suddenly due to
decreased maximum pressure when the
charge becomes lean. The percentage
reduction of BP when the air-fuel ratio
increases from 17 to 21 is about 17.43% in
EEELBSI engine with ER/CR 1.5 whereas
the base engine is 19.72%.

Brake Thermal Efficiency (BTE):

BTE of the IC engine increases with the
increase of the air-fuel ratio, and it reaches
apparently maximum value when the air-fuel
ratio becomes immense (i.e., working fluid
is only air).

o

Fig.7 Variation of Brake Thermal Efficiency with Air Fuel Ratio
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Fig. 7 indicates the difference in the BTE
with air fuel ratios for the ER/CR of 1 and
1.5. It was observed that, as the charge turns
into lean up to an air-fuel ratio of 20; the
BTE increases and then brake thermal
efficiency decreases rapidly. The percentage
improvement in thermal efficiency is about
12.71% when the air-fuel ratio rose from 18
to 21% in the base engine and in the EE
engine when ER/CR of 1.5 is about 16.34 %.

NOx Emissions:

The rate of formation of NOx depends on
the temperature of the gas temperature and
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concentration of oxygen. The maximum gas
temperature takes place at an Air-Fuel ratio
of 13.4 (A/F =13.4), at this ratio, the
concentration of oxygen is low. As the
charge becomes lean, increasing the
concentration of oxygen at the beginning
balances the decreasing NOx emissions and
gas temperatures maximum at an Air-Fuel
ratio of 16.3 (A/F =16.3).

Fig.8 Variation NOx with Air Fuel Ratio
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Fig. 8 indicates the effect of the air-fuel
ratio NOx emission with the ER/CR of 1 and
1.5. The emission of NOx is found to be
highest when the air-fuel ratio is around 18
and then decreases progressively as the air-
fuel ratio is more than 18.

Unburned Hydrocarbon
Emission:

Fig. 9 indicates the variation of emission
characteristics of UBHC with the air-fuel
ratio for ER/CR of 1 and 1.5. When the air-
fuel ratio increases, the UBHC emission
initially reduces to the air-fuel 17 and then
increases. When the mixture is too lean, i.e.,
after the air-fuel ratio of 21, the increase in
UBHC emission is abrupt.

(UBHC)

Fig.9 Variation of unburned Hydrocarbons with Air Fuel Ratio
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The percentage improvement of UBHC
emission when the air-fuel ratio is increased
from 17 to 21 is about 12.08% for the base
engine and 15.39% for EEE with ER/CR is
1.5.

Carbon Monoxide (CO) emission:

CO emissions from the 1.C engines are
restrained mainly by the air-fuel ratio. For
the rich mixtures, the concentration of CO in
the exhaust increases consistently with an
increase in the equivalence ratio. The
percentage decrease in CO emission when
the air-fuel ratio increased from 17 to 20 for
the base engine is about 56.9 % and that of
the EELBSI engine with ER/CR of 1.5 is
around 45.38 %.

Fig.10 Variation of CO Emission with Air Fuel Ratio
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Conclusions

In comparison to the base engine with an
ER/CR of 1 and an air-fuel ratio of 20, the
EELBSI engine with an ER/CR of 1.5 and an
air-fuel ratio of 20 has better performance and
emission characteristics, including 17.88%
increase in brake thermal efficiency, a 48.6%
reduction in NOx emissions, and a 48.8%
reduction in UBHC emissions. For the
extended period, an ER/CR of 1.5 was
determined to be optimal. For the ER/CR of
1.5 the engine produces the highest BTE.
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ABSTRACT

In developing countries like India, demand for cost effective Roads are high. To fulfill this, highway engineers are
facing tremendous problem with the cost of construction materials as they are depleting now a days. This led to think of
new materials and techniques utilizing locally available materials and making overall cost economical. Many of the
additives are used so far to improve the properties of sub grade soil. Hence the search of alternative ways and
techniques includes the stabilizer called Bio enzyme. In this study, cost effective Bio enzyme is used to examine the
engineering characteristics of different soil samples collected at three different locations in Karnataka. With the
obtained optimum bio enzyme dosage based on UCS test, carried out California bearing ratio test under soaked and
unsoaked condition for all the types of soil. It was resulted that, CBR value of stabilized soil found be increased by 1.5
to 2 times in all the cases. As the strength of subgrade soil is increased, which is an integral part of pavement, other
layer thickness can be reduced, which in turn reduces the quantity of construction materials required. Based on

obtained CBR value, each layer thickness of flexible pavement is designed using guide lines of IRC 37-2012.

Keywords: IRC 37-2012, Bio enzyme, California Bearing Ratio, Stabilization

1. Introduction

This work focus on optimizing the cost of
Pavement by reducing the thickness of various
layers of pavement as there is strength
enhancement of subgrade material stabilizing
with Bio enzyme. In this three different soils
were collected from different places of
Karnataka, determined index properties and
Engineering properties of soil. Based on the
optimum dosage calculated from unconfined
compressive test results, CBR values were
determined under both soaked and unsoaked
condition of three wvarious soils. Here,
Stabilization using enzyme is adopted where
stabilized soil can be used for sub grade and
sub base that provides required sufficient
strength for the pavement from beneath. It is
found that Bio enzyme improves bonding
property between soil particles which creates
permanent structure resisting to percolation of
water, weathering, wear and tear. Majority of
pavement failures are due to interaction
between water and clay particles.

So to overcome this stabilization is done
for three different soils collected from various
places to evaluate their strength characteristics
before and after stabilization. The design of
each layer thickness is done under both the
conditions and compared the variation in
thickness of each layer for stabilized and
conventional subgrade soil.

Here, three different soils from various
locations of Karnataka were selected. One is
locally available soil (Red soil), Lithomargic
soil from dakshinakannada and Black cotton
soil from North Karnataka. As we all know BC
and Lithomargic soils are problematic soil
since they contain more silt and clay
percentage, it is very much required to
strengthen the properties of these soils before
using it for pavement construction. An attempt
is made to improve the strength properties
using a vegetable extract Bio enzyme.

To compare the strength properties of
problematic soil with non-problematic soil,
locally available soil is selected for this study.
Compared the engineering properties of both
the soils with and without stabilizer and
designed flexible pavement layers for various
subgrade soils.

1.1 Objectives of study

The main objective of this work is to design the
overall pavement thickness of different soil
subgrade under soaked and unsoaked condition
at high traffic condition and to compare the
variation in thickness of each Ilayer of
conventional and stabilized subgrade soil

1.2 Scope of the study

Assessment of CBR value for all different
subgrade soils under soaked and un soaked
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condition for conventional and stabilized soils.
Based on the obtained CBR value over all
pavement thickness is designed and compared
each layer thickness of different subgrade soil.

2. Materials and Methodology

The work carried out in this study in three

phases:

» Selection of subgrade soil and stabilizer

* Over all pavement thickness design

* Comparing each layer thickness for
conventional and stabilized subgrade.

2.1 Selection of subgrade soil and
stabilizer

In this study, problematic and Non-problematic
soil samples were collected from different
places of Karnataka.

o Red soil-Bangalore
o Lithomargic soil- Dakshina Karnataka

o Black cotton soil- North Karnataka
o Bio enzyme- Chennai

2.2 Over all pavement thickness design

The total thickness of pavement is
designed based on obtained CBR values under
soaked and unsoaked condition for maximum
traffic condition using IRC 37-2012 guidelines
for both conventional and stabilized subgrade
soil.

2.3 Compare each layer thickness for
conventional and stabilized subgrade.

Each layer thickness is designed for
conventional and stabilized subgrade under
soaked and unsoaked condition of all different
subgrade soil. Granular sub base course, base
course, dense bound macadam and wearing
course thickness is determined at all conditions
of subgrade soil for high traffic condition.

2.4 Flow chart of work carried out

Collection of different soils and B Ereme

dssessmert of CBE vahe under soaked andunsoaked
cotdton

Flenible pavermert design usmg [RC andelmes for hugh

. -

Conpang vaaon i over alltliclmess for commrerhonal and
stabilizad sabgrade

dosage of Bio enzyme and for Conventional
soil CBR test is conducted and based on
Obtained results, design overall thickness of
Pavement is done according to IRC 37-2012
guidelines.

3. Results and Discussion

The CBR test is conducted for both Soaked and
unsoaked Condition for the Optimum dosage
of Bio enzyme based on their obtained
Unconfined Compressive Strength [9]. For all

the three different soil samples at an optimum  For each soil, 3 soil samples were prepared and
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carried out test considered the average value of  under soaked (4 days) and unsoaked conditions
results. Total 36 CBR samples were prepared

Table 3.1: CBR values of different soil samples.

CBR value (%)
SLNo | Type of soil Uvnvistﬁ?,lflfd Un soaked| Soaked | Soaked
bio withbio | without bio | with bio
enzyme enzyme eneyme cnyme
| ]S3olﬁck cotton 2.96% 4.85% 2.01% 2.36%
) zglomorglc 6.75% 8.5% 4.5% 6.2%
3 Locallyavall 9.8% 13.56% 6.86% 8.5%
able soil

3.2 Design of Flexible pavement thickness based on CBR values for Conventional and
stabilized subgrade at Different condition.

3.2.1 Tabulation of pavement layer thickness for black cotton soil as subgrade material for
traffic 150 MSA

SLNo | Tvpe of soil C B R Values of different Individual layer Total
) yp condition of soil thickness(mm) thickness(mm)
Condition CBR
value
Thickness
Tl};p eerof of each
Un soaked Y layer(mm)
without 3% BC 50
enzyme DBM 170 350
G BASE 250
GSB 380
Thickness
Type of of each
layer layer(mm)
U?t}f‘;ike‘line 5% BC 50 745
Wi enzy DBM | 145
1 Black cotton G BASE 250
soil GSB 300
Thickness
Tl}; peerof of each
Soaked Y layer(mm)
without 3% BC 50 850
enzyme DBM 170
G BASE 250
GSB 380
Thickness
Type of of each
layer layer(mm)
Sr?;k;i with 3% BC 50 850
Y DBM [170
G BASE 250
GSB 380

3.2.2 Tabulation of pavement layer thickness for Lithomargic soil as subgrade material for
traffic 150 MSA
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S No Type of soil C B R Values of different Individual layer Total
) condition of soil thickness(mm) thickness(mm)
Condition | B R
Thickness
Type of layer of each
layer(mm)
.Un soaked 79 BC 30
without enzyme DBM 140 670
G BASE 250
GSB 230
Thickness
Type of layer of each
) layer(mm)
Un soaked with 99 BC 50 625
enzyme DBM 125
5 Lithomargic G BASE 250
soil GSB 200
Thickness
Type of layer of each
Soaked without | g, Y6 gaoy er(mm) 245
enzyme DBM 145
G BASE 250
GSB 300
Thickness
Type of layer of each
i layer(mm)
Soaked with 6% BC 30 700
enzyme DBM 140
G BASE 250
GSB 260

3.2.3 Tabulation of pavement layer thickness for Red soil as subgrade material for traffic 150

MSA
S No Type of soil C B R Values of different Individual layer Total
condition of soil thickness(mm) thickness(mm)
Condition S/:ﬁufé
Thickness of
Type of layer | each
layer(mm)
.Un soaked 10% BC 50
without enzyme DBM 125 s
G BASE 250
GSB 200
3 Red soil Thickness of
Type of layer | each
) layer(mm)
Un soaked with 15% BC 50 600
enzyme DBM 100
G BASE 250
GSB 200
. Thickness of
Soaked without 7% Type of layer | each 670
enzyme layer(mm)
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BC 50
DBM 140
G BASE 250
GSB 230

Thickness of
Type of layer | each

. layer(mm)
So:llf;:d with 99, BC 30 625
yme DBM 125
G BASE 250
GSB 200

3.3 Schematic representation of pavement thickness of Black cotton soil as subgrade for
traffic condition of 150 MSA

3.3.1 Un soakedcondition of BC soil

oot
Tp]
o©
CBR=3% (Conventional soil) CBR=5%(Stabilized soil)
3.3.2 Soakedcondition of BC soil
o
n.\_\_‘J
o
&)
]
(n
CBR=7% (Conventional soil)CBR=9%(Stabilized soil)
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3.3.3Un soakedcondition of Lithomargic soil

3.3.4Soakedcondition of Lithomargic soil

850
850

CBR=3%/(Conventional soil) CBR=3% (Stabilized soil)
CBR=5% (Conventional soil) CBR=7%(Stabilized soil)

3.3.5Soakedcondition of Red soil

850
009

CBR=10% (Conventional soi)CBR=12% (Stabilized soil)

3.3.6Soakedcondition of Red soil

004
GE9

*

CBR=6% (Conventional soil)CBR=8% (Stabiliied soil)

Conference Name goes here with date - Conference Name goes here with date 973
(Sept. - Oct. 2021)



Vidyabharati International Interdisciplinary Research Journal (Special Issue) ISSN 2319-4979

From the results, it was observed that In case
of black cotton soil, a reduction of 100 mm .
overall thickness resulted in case stabilized
subgrade compared to conventional
subgrade.In case of Lithomargic soil, a
reduction of 50mm overall thickness is
achieved in case stabilized subgrade .
compared to conventional subgrade.In case
locally available soil, a reduction of 25mm
overall thickness is observed in case
stabilized subgrade compared  to .
conventional subgrade. It is found to be
effective in problematic soil both BS and
Lithomargic soil in terms of CBR value. As
CBR value is main basis for designing
thickness of each layer using IRC 37-2012
guidelines. Based on achieved CBR value,
each layer thickness is determined for high
traffic condition. Under Un soaked
condition bio enzyme found to be effective
than soaked condition. In all the three cases
of subgrade soil, CBR value found be o
maximum under un soaked condition.As
there is decrease in layer thickness,
quantity of materials used for pavement
construction can be reduced so that
optimizing the overall construction cost of o
pavement making it economical.

4. Conclusion
This study was carried out to optimize the
overall pavement cost by decreasing the
quantity of materials used for pavement
construction by strengthening the subgrade o
soil.

e In case of Black cotton soil, CBR value of
stabilized subgrade and conventional
subgrade soil found to be 4.85% and 2.01%
respectively, which 1s2 times than o
conventional subgrade soil.

* In case of Lithomargic soil, CBR value of
stabilized subgrade and conventional
subgrade soil found to be 6.75% and 8.5%
respectively, which is 1.3 times than
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ABSTRACT

Urbanization is increasing and hence the building and infrastructure construction segment is witnessing an exponential
growth. This has led to reinvent itself to address its main future challenges like productivity and sustainability. Ready
mix concrete (RMC) will no doubt be the preferred material of the future supported by ground-breaking innovative
solutions helping to reduce the carbon footprint, water footprint conserve natural resources and mineral resources to
the best possible extent, which in turn helps to improve jobsite productivity and quality. India being a developing
nation needs to have newer and efficient methods of construction practices with greater emphasis on durability,
stringent quality control, durability and pollution-free environment, which can be achieved only with mechanized
production of concrete. It is a boon to construction industry and helps to achieve operational efficiency. The design
and approach for the production of RMC involves up to ten ingredients/ components for production of engineered
concrete when compared to non-engineered/semi-engineered concrete production with fewer ingredients/components,
which is greatly helping the industry and it make it sustainable in India. The extensive use of RMC minimizes wastage
of precious natural resources and plays a key role for the production of engineered concrete. In last 15 years
Bengaluru city has systematically modernized its concrete production process with the help of ready-mix concrete
(RMC) facility. However, one of the present requirements of these facilities is to lower its carbon footprint by reducing
consumption of Portland cement in the concrete production process. Usage of concrete as a construction material is
increasingly getting popular with the evolution of new generation concrete products and also makes it sustainable in
the Indian scenario. t in particular Bengaluru. The author believes that large-scale mechanization for production of
engineered concrete with mineral and chemical admixtures, newer technologies with appropriate quality control
scheme, can lead to eco-friendly, optimized, sustainable and cost-effective concrete mixes in Bengaluru.

Keywords: RMC, Eco friendly concrete Mixes, Economical concrete Mixes, Strength; GGBS

Introduction CO2. The construction Industry is next to

As per Bureau of Indian standard specification agtomotive sector having its role in CO2

IS 4926:2003 , Ready Mixed Concrete (RMC)- emissions to the environment. Even natural
Code of Prac’tice RMC can be termed as gggregates are depleting rapidly on account of
‘Concrete mixed in a stationary mixer in a increas:[eil P rocclluctzion olfgconciete. ‘v

central batching and mixing plant or in a truck- 1 past two decades, Bangalore city has seeh

. o1 ” tremendous growth in the infrastructure. The
mixer and supplied in the fresh condition to the .
purchaser either at the site or into the primary cause for such growth has been the

purchaser’s vehicles’. It is a premixed product, boom in the education, information technology

designed to specific requirements and ready to anq 1ndustr1a} gectors of urban reglons. The
use product made by a systematic method of rapid growth in infrastructure projects also puts

producing concrete and conveyed the same to pressturet‘on pro:lugtionlind Pcorrtllsurgp tion Of
project sites while maintaining the desired construction atetials like Fortiand cemen
fresh properties of concrete. RMC usage in the concrete. Whﬂe’ Bangalore metrop ohtgn area
industry has grown significantly and will has effectively ‘manag.e.d to m odemlge its
slowly outpace the conventional site mixed concrete' production facility by introduction of
concrete (SMC). Around the world there is a riacllly “mix concrtetf b(RNii? plgnt(s), mang
major concern on reducing the environmental cha’enges are yet fo be acdressed. Lne suc

pollution viz. greenhouse gases. In this aspect challenge is to make these facilities sustainable
contribution of the construction sector plays a by redqcmg the - consumption .Of Portland
key role as industrial wastes can be used as a cement in the concrete manufacturing process.

partial or full replacement of various There are various supplementary cementitious

ingredients of concrete effectively. It is a well- materials used to substitute Portland cement,

established fact that one ton of cement in the S?Ch E;S fly ashd[l], sﬂllcta (fuglll © t[2f]l; ultra—fine
construction activities emits about 0.9 ton of slag [3], ground granulate ast Turnace slag
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(GGBS) [4], and also rice husk, Metakaolin
etc. Therefore, in practice it is crucial to choose
and optimize the supplementary materials,
which shall provide desirable effect on the
properties of concrete such as workability,
slump retention, strength, and durability, but at
the same time should be easy to handle and
cost effective.

In South India, the use of GGBS in RMC
plants is very common, and its positive effect
in reducing CO, emissions by lowering
specific fuel consumption and reducing
limestone calcinations is known [5]. Further,
according to Ernst and Young estimate [6], the
generation of GGBS in India will be
approximately 44 Mt per annum in 2020 and
95 Mt per annum in 2030.

The addition of SCM (Supplementary
Cementitious Materials) in concrete can
enhance the strength, durability and provide
cost-effective solution [7, 8]. The concrete
durability with SCM is improved because of
the secondary reaction of SCM by pozzolanic
reactions with the available products of
primary hydration of cement. Calcium
hydroxide (CH) and calcium silicate hydrate
(C-S-H) gels are the major byproducts of
cement hydration. The available free lime may
be soluble in water which makes the concrete
permeable but it attain lesser compressive
strength compare to standard mix. The C-S-H
gels formed helps for pore refinement of pores
which helps to arrest the passage of chemicals
and water. The main drawback of using high
volume GGBS ie. 50% replacement to
ordinary Portland cement is its lower gain in
early strength [9, 10, 11, and 12].

The usage of SCM in concrete depends on the
availability, compatibility of their physical and
chemical properties. The results of research on
the performance of concrete with these
replacements initiated the utilization of green
materials like Fly ash, GGBS etc. in the
manufacture of concrete so that environmental
contamination can be reduced [18]. This
review paper aims to assess the feasibility of
manufacturing RMC with maximum use of
green materials.

Background
Global Scenario

The Ready Mix Concrete (RMC) was first
patented in 1903 by Germany [14]. But the first
commercial supply was made in 1913 in
Baltimore, USA. By late 1930’s RMC made
in-roads to few of the European countries.
During 20th century, America and Europe have
witnessed tremendous growth in this industry.
Currently, RMC 1is a matured Industry in
Europe and USA where USA is consuming
75% of cement production through RMC
because of highest level of mechanization
achieved in the construction industry. Similarly
Europe is consuming 47% of cement via RMC
plants. In developed nations RMC is
manufactured well by following stringent
national and international codes with better
verification processes. The National Ready
Mixed Concrete Association (NRMCA) is the
certification body for technical audits. It also
does regularity framework in USA. In Europe
the ERMCO - European Ready Mixed
Concrete Organization has 21 — nation
members for the certification/audit of RMC.
Similarly Canada has separate plan to deal with
plant RMC plant certification process.

Indian Scenario

In India, usage of RMC was started in the year
1950 for only large-scale  projects.
Urbanization was increasing and hence
building and infrastructure construction was
growing very fast. This has led to reinvent
itself to address its main future challenges like
productivity, quality and sustainability.
Meeting these requirements was possible only
through RMC.

In India, the first commercial RMC plant was
set up in Pune in 1992 [14]. The rapid growth
of construction industry and the infrastructure
sectors placed heavy demand on speed as well
as quality in concrete construction which
helped for the growth of RMC industry.

RMC growth is measured as the proportion of
cement consumed in commercial RMC to total
cement consumption in India, and currently it
is around 10 per cent compared to 7 percent in
2019. Penetration of RMC in India has
gradually risen with increasing awareness and
usage of higher grade of concrete; however,
compare to the world developed nations we are
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at lower side by huge margin of around 50-
55%.

In India, a nonprofit industry called RMCMA —
Ready Mixed Concrete Manufacturers’
Association was established in 2002 for the
significant growth of RMC [15]. The important
area of work of RMCMA was to evolve a self-
regulatory framework by setting Quality
Standards. It had introduced audit-based
Quality Scheme for RMC in December 2008
and the same is available in the two Manual
published by RMCMA. The scheme is
operated through third-party certification and it
is not owned by the RMCMA alone. But it is
jointly operated with Quality Council of India
(QCI) and Building Materials & Technology
Promotion Council (BMTPC) under the
Ministry of Housing and Urban Poverty
Alleviation, Government of India.

In last 20 years Bangalore city has
systematically modernized its concrete
production process with the help of RMC
facility. In Bangalore, according to the field
survey conducted there are 122 captive and 154
commercial RMC plants, and the concrete
consumption per month is approximately 0.5 to
0.7 Mi Cum. Further, in RMC plants, only 25
to 30% of GGBS is used for manufacturing up
to M30 grade concrete, and this reduces to only
15 to 20% for manufacturing up to M40 grade
concrete, respectively.

Typical Rmc Plat

Special Issue on Engineering Technologies and Management

(Sept. - Oct. 2021)

978



Vidyabharati International Interdisciplinary Research Journal (Special Issue) ISSN 2319-4979

Materials used:
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The raw materials used for the manufacturing
of RMC as per Indian Standard Code of
practice.
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Concrete, the most commonly used
construction material in the world because of
its versatility. Concrete is the most popular
building material because of various benefits.
The main advantages are: a) its low cost
compared to other building materials. : b) it’s
mould ability to any desired shape, d) the
robustness e) versatile in terms of strength, b)
As a finished product the cost of concrete is
much lower compared to other materials.

Conclusions

Ready Mix Concrete is an innovative method
of producing at remote locations far away from
project sites, conveying and placing of concrete
with ease without any compromise in the
quality standards. It is very wuseful in
completing projects on time where the volumes
of concrete are very high and construction sites
which are in located in congested areas, where
mixing on site is not possible due to lack of
storage place. RMC is ready to use material. It
is gaining high importance and is widely
adopted throughout the world. With the state of

art production facilities , It enables to execute
projects with high strength mixes to the
structure and it also assures the durability to
the structure. Compared with SMC It greatly
reduces noise pollution as well as air pollution
and reduces manpower. The supervisory and
labour costs associated with the production of
RMC is less. It is suitable for huge industrial,
marine, infrastructure and residential projects
where time plays a vital role. So ultimately it
provides economy in the construction and
better finish to the structure. Hence the
advantages of RMC are realized by engineers
and contractors in the construction industry.
The combination of GGBS and fly ash can
partially replace cement in the production of
eco friendly concrete mixes. The cost of
GGBS and Fly ash is much lower than the
ordinary Portland cement therefore the
concrete mix is economical.
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ECO-FRIENDLY MASONARY UNIT USING INDUSTRIAL WASTE

Sindhoora.C', Md Muthanna’, B. Purbia’, Darshan AB*, N. Khan® and Pruthvi Kiran®
1234383 chool of Civil Engineering, REVA University, Bangalore, Karnataka, India

ABSTRACT

The life of environment and ecosystem is of great importance. Concrete being the most used material on earth, next to
water. Cement industries are the major contributor to carbon dioxide in the world. The demand of cement is
increasing day by day due to the increase in infrastructure facilities. Geopolymer concrete can be used as an
alternative material which is eco-friendly with reduced COZ2 emissions. In order to overcome these problems, study is
conducted by replacing cement with flyash, and fine aggregates by copper slag (copper slag is a by-product of copper
extraction by smelting) waste with special focus on its mechanical properties and performance in comparison with
conventional concrete blocks. The blocks were casted with an increasing percentage of copper slag
(20%,40%,60%,80%,100%). Various experimental works such as shear test, prism test, water absorption test,
crushing test on mortar, flow test and crack propagation of wall on application of UDL to evaluate the effect of
various parameters affecting it's compressive strength in order to enhance its overall performance. The block with
maximum compressive strength is adapted for further casting. Walls were constructed to investigate the crack
propagation after 28 days. The paper briefly reviews the constituents of geopolymer concrete block, it's strength, and
potential application as a wall.

Keywords: Geopolymer concrete blocks, Fly ash, Copper slag, Strength, Waste management

Introduction and high volume replacement of OPC with
materials having binding property were studied
In 1978, Davidovits proposed that binders can
be produced by polymeric reaction of alkaline
liquid with alumino-silicate materials such as
fly ash, rice husk ash, blast furnace slag etc and
termed these binders as Geopolymers.
Geopolymers can be considered as a green
material, because it relies on minimally
processed natural materials or industrial
byproducts, thus reducing its carbon foot print.
Geopolymers have gained considerable
attention for their rapid strength attainment,
corrosion resistance, chemical stability, low
rate of shrinkage and freeze thaw resistance.
Two main constituents of geopolymers are,
source materials and alkaline liquids. The
source materials should be alumino-silicate
based and rich in both silicon (Si) and
aluminium (Al). They could be by-product
materials such as fly ash, silica fume, slag,
rice-husk ash, red mud, etc. Geopolymers are
also unique in comparison to other alumino
silicate materials (e.g. alumino silicate gels,
glasses, and zeolites).

The geopolymer materials represent an
innovative technology generating considerable
interest in the construction industry,
particularly in light of the ongoing emphasis on
sustainability. The demand of concrete is
increasing day by day and cement is used for
satisfying the need of development of
infrastructure  facilities, 1 tone cement
production generates 1 tone CO 2 , which
adversely affect the environment. In order to
reduce the use of OPC and CO 2 generation,
the new generation concrete has been
developed such as Geopolymer concrete. The
demand for concrete as a construction material
increases exponentially and thereby, there is an
increase in the demand for the production of
OPC. The environmental issues associated with
the production of cement are well known. The
production of one ton cement releases around
one ton of carbon dioxide to the atmosphere
due to the calcinations of lime stone and
combustion of fossil fuel and causes the global
warming condition. In addition, the production
of cement is highly energy intensive and it
consumes a large amount of natural resources.
To reduce these problems, it is necessary to
find out an alternative material for cement.
Many researches were carried out to find a
replacement for cement. Partial replacement

For every ton of copper production, about 2.2
tons of copper slag is generated. Therefore, in
India 8 lakhs tons of copper slag is generated
every year and in worldwide generation of
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annually about 24.6 million tonnes of slag.
Copper slag has physical properties similar to
the fine aggregate, so it can be used as a
replacement of fine aggregate in concrete.
Copper slag has lower absorption and higher
strength properties than fine aggregate.

Experimental Program
As the impact of construction on environment
is increasing Geopolymer concrete block is eco
- friendly block with copper slag as Fine
aggregate. The size of Block was
400x200x100MM.

Objectives

e To study the physical properties of
materials of geopolymer block

e To produce geopolymer mortar cube with
copper slag as replacement of fine
aggregate at different proportion

e To produce the Geopolymer block and to
investigate the strength of block with
different proportion of copper slag as fine
aggregate.

e To compare the strength of geopolymer
block with conventional concrete block.

Methodology

One of the oldest building techniques is block
masonry. Masonry units and mortar make up
the structure. Burnt brick and concrete blocks
are the most common masonry units. These
traditional masonry bricks and blocks are not
known to be long-lasting. While geopolymer
Blocks are eco- friendly.

Material of Geopolymer block

e Flyash

e Sodium silicate

e Sodium Hydroxide
e Copper Slag

o Coarse aggregate

Sodium silicate
solution

Mix

Sodiom Alkaline I

. solution
Hydroxide ‘

Water ]_ Mix

—>| GPC
Cast

Fly Ash

Mix

Solid Mixture |frm

Copper slag
Coarse aggregate

FIGURE 1: Flow chart of GPC

Fly Ash

Raichur thermal power plant provided Class-F
fly ash. Fly ash is a byproduct of pulverised
coal combustion in electric power plants.

Fine Aggregate

Copper slag is a by-product of the smelting of
copper. Impurities transform into slag, which
floats on top of the molten metal during the
smelting process. Slag that has been quenched
in water creates angular granules that are
discarded..

FIGURE 2: Copper Slag

Coarse Aggregate

Locally available crushed stones conforming to
graded aggregate of nominal size 10 mm as per
IS 383 — 1970 with the specific gravity of 2.77.

Sodium Hydroxide

Sodium hydroxides are commonly available as
pellets or flakes in the solid state. The price of
sodium hydroxide is mostly determined by the
purity of the substance.

Special Issue on Engineering Technologies and Management 983

(Sept. - Oct. 2021)



Vidyabharati International Interdisciplinary Research Journal (Special Issue)

ISSN 2319-4979

FIGURE 3: Sodinm Hydrox1de

Sodium silicate

Also known as water glass or liquid glass,
available in liquid (gel). The silicates which is
supplied to the detergent company and textile
industry as bonding agent, same sodium
silicate is used for the making of geopolymer
concrete.

FIGURE 4: Sodium Silicate

Results and discussion
Workability

Slump Test(mm)
160
140
120 _
100 _?./
80
60

40
20

20 40 60 80 100

Chart 1: Slump test with different proportion
of copper slag

The workability of geopolymer concrete was
tested by doing slump test. The slump was
done for different proportion of copper slag as
a replacement of coarse aggregate. Copper slag
added in different proportion as 20,40,60,80
and 100%. with the increase in copper slag
proportion the slump value also increase as
93,100,112,127 and 147 mm.

Mechanical Property of Mortar cube

The mechanical property of mortar cube is
determined by conducting the compressive
strength test on cubes for 3,7,14 and 28 days at
different proportion of copper slag. The ratio of
mortar was 1:4 as part of Fly ash and 4 part of
fine aggregate. The size of cube was

70x70x70MM.
6
) x—M =
4 132 =¢=3 days
3 1q=-l"'4 ——7days
2 ' 14 days
1 == 28days
O T T T T 1
o O o O o
r§\ @0\ (°°\ 006\ \900\

Chart 2: Compressive Strength of Mortar cube

With the given results it is observed that the
compressive strength of mortar cube increases
with increase in copper slag content. The
strength of cube of at 3 days varies from
5.7Mpa to 16.2Mpa. The cube achieves
maximum strength at 28 days at 100% copper
slag as 27.05Mpa.

Compressive strength of Geopolymer
Concrete block
6
== 3 days
5 A == 7days
)@.—)(/)/( 14 days
4 B — - L
== 28days

O T T T T 1
20% 40% 60% 80% 100%

Chart 3: Compressive Strength of GPC block
The Compressive strength of Geopolymer
concrete block is determined by conducting the
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test on cubes for 3,7,14 and 28 days at different
proportion of copper slag. The strength or 3
days at 20,40,60,80 and 100% of copper slag is
2.2, 2.21, 2.25, 2.41 and 2.66. Similarly the
specimen was tested for different days and best
results were achieved at 100% of copper slag
used in GPC block with a strength of 5.26Mpa
at 28 days of ambient curing.

Comparison between GPC block and
conventional block

6
5 A
4 1 —4—GPC
3 block
) == Coventio
nal

1
0 T T 1

7 14 28

Chart 4: Comparison of GPC and
Conventional

Above result shows the comparison between

GPC and conventional bock. The compressive
strength of GPC block at 7,14 and 28 days with
copper slag used as fine aggregate is 3.42,4.68
and 5.26Mpa and for conventional block is
2.2,3.3 and 4 MPA.

Conclusion

* From the results obtained Geopolymer

block with copper slag gives more strength
than conventional concrete block.

* The workability of GPC increases with

increase in copper slag.

* Geopolymer block  with  complete

replacement of fine aggregate with copper
slag has more strength.

» The water absorption of GPC block is

2.85%.

*  The compressive strength of GPC block for

7, 14 and 28 days is 3.42, 4.68 and 5.26
respectively.

*  The strength of mortar cube increases with

the increase in Copper slag content
As the impact on environment is increasing by
construction activity Geopolymer concrete can
reduce the effects by using by products.
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ABSTRACT

Sand is one of the key components in concrete. Natural sand is a non-renewable resource and will soon be exhausted.
Henceit is important to switch to some equivalent alternatives. It is of most importance to keep in mind the
environmental impact while switching to alternatives in the presentscenario. One such alternative which is also
environmental friendly can be slag sang, which is a byproduct of metal smelting processes. Slag sand has been made
commercially available for use in construction, but in this project work, the strength properties of concrete, when the
fine aggregates are partially replaced with slag sand along with polypropylene fiber reinforced concrete subjected to
internal curing using self-curing agent PEG-400 is studied. In this experimental study, M25 concrete mixes for 0%,
10%, 20%, 30%, 40% and 50% replacement of slag sand with M sand are prepared with 1.5% of polypropylene fibers
and 1% PEG-400 by weight of cement. The mixes were exposed to air curing at room temperature in order to achieve
internal curing. Compressive and split tensile strength of the mix specimens were conducted at 7, 14 and 28 days of
curing and the results are compared with conventional concrete. It was seen that addition of fibers decreased the
workability so super plasticizer has been used. When tested for compressive and split tensile strength, specimen with
30% replacement showed maximum strength. Through this study we concluded that up to 30% replacement of Slag
Sand with M sand can be done when compared to conventional concrete.

Keywords: Slag Sand, Fiber Reinforced Concrete, Self-Curing Concrete, Polypropylene Fiber Reinforced
Concrete, Internal Curing, Environmental Friendly

1. Introduction
1.1. Overview

Natural sand is one of the key components and
also the world’s most extracted material. It’s
growing demand due to rapid increase in
urbanization and infrastructure, causing severe
damages to the ecosystems and environment.
In order to keep up the demand of sand supply,
the quality is being compromised. This has led
to a rise in various social hazards like
smuggling, illegal sand mining and black
markets. sand mining can lead to losing water
retaining soil strata, deepening of the river beds
and causing bank slides, loss of vegetation on
the bank of rivers. These issues call for a more
sustainable approach. Slag sand can be
considered as one such sustainable alternative
because Slag sand is a non-metallic product,
consisting essentially of glass containing
silicates and alumino-silicates of lime, slag is a

encountered in plain cement concrete is the
development of early cracks due to plastic and
drying shrinkage, leading to brittle failure and
reduces the durability and life of the structure.
Even though it’s a common problem, it cannot
be ignored. These shrinkage cracks can be
prevented by various methods like using
temporary windbreaks and sunshades, placing
concrete in a cool place etc.One of the most
effective methods is using fibers. The concrete
made by the addition of fibers is called fiber
reinforced concrete (FRC). FRCs can bridge
the gap between the small cracks due to their
thin tread like structure. In this study, the
behavior of polypropylene fibers incorporated
in plain cement concrete is studied.

Water is another global issue without which the
construction  industry  cannot  function.
Especially for curing during which the concrete
attains the desired strength. It is believed that
nothing can replace water. But recent studies

byproduct of metal smelting process,  have shown that curing of concrete can be done

manufactured under controlled conditions. effectively with some special materials like

One of the most common problems Light weight aggregates (LWA), Super-
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absorbent polymers (SAP) and Shrinkage
Reducing Admixture (SRA) where the curing
takes place internally. This phenomenon is
known as self-curing or internal curing. These
self-curing  agents  help to  reduce
theevaporation of water from the surface of the
concrete and helps in water retention that is
consistently needed in the concrete, by forming
a thin layer around the aggregates resulting in a
matrix. The strength of self-curing concrete has
proven to be on par with conventional curing.

1.2 Manufacture of Slag Sand

Slag Sand is a non-metallic product without
any delirious material. It is produced from blast
furnace slag, which is produced as a byproduct

of metal smelting processes so it’s often
referred to as Granulated Blast Furnace Slag
(GBS). GBS is obtained by rapid chilling or
quenching of molten slag at 1500°C
improvement of shape and size of GBS is
required in order to convert into fine
aggregates. This is done in 2 stages.

i. Altering Granulation Parameters

Slag granulation is done by rapid cooling by
means of water and pressure. This achieved by
maintaining optimum water temperature and
flow. The molten slag hardens and becomes
dense under such optimum conditions and
needle or flaky shape particles are produced.

ii. Shaping and Screening

Figure 1: Slag Sand

1.4 Fiber Reinforced Concrete

Fiber reinforced concrete is the concrete
containing short, discrete, thin thread like
fibrous material that are uniformly distributed
in the concrete. FRC can improve the structural
strength of the concrete and may even reduce
the need of steel reinforcements. Some types of
fibers can provide resistance to abrasion and
shatter. They also reduce bleeding of water and
permeability. Fibers are classified into two
categories i.e. Natural and Man-made fibers.

aspect ratio.
1.5 Advantages of Polypropylene Fibers

e Improves durability by controlling the
crack width very tightly

e Improves impact resistance and plastic
shrinkage

e Prevents absorption of water due to its
hydro-phobic nature.
Resistant to acids, alkalis and corrosion

e Improves structural strength

The most important factor to be considered for Ecqnomic, ecofriendly and easily
the selection of fibers is the length to diameter available

ratio known as Aspect Ratio. FRC is greatly

affected by volume of fibers, orientation and
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Figure 2: Polypropylene Fibers

1.6 Self Curing

The ACI-308 code states that “Internal curing
refers to the process by which the hydration of
cement occurs because of the availability of
additional internal water that is not part of the
mixing water.”Self curing or internal curing is
a technique in which concrete can cure by itself
by retaining the moisture content in it without
letting it evaporate. This technique involves
providing additional moisture in the concrete
during mixing for more effective hydration of
cement and to reduce self-desiccation and
autogenous shrinkage. Currently there are
various materials that promote the internal
curing.

1.7 Mechanism of Self Curing

During normal curing, there is a difference in
chemical potential between the vapor and
liquid phases during evaporation. Due to this
continuous evaporation of moisture takes place
from external surface of concrete. In the case
of water soluble chemicals like SAP and SRA
which are polymers added to the concrete mix
form hydrogen bonds with water molecules
and reduce the chemical potential of the
molecules which results in reduction of the
vapor pressure, thus reducing the rate of
evaporation from the surface. Whereas the
saturated lightweight aggregates contains
saturated pores which acts as an internal
reservoir and allows water for curing to pass
from inside to outside.

Internal Curing at the Contact Zone

LWA

Interface between two porous
materials [LWA pores and
Hydrating Cementitious Paste (HCP}]

Two-way moisture movement
between porous LWA and
porous HCP
allows for
hygral
equilibrium.

Before set

oG

NWA

Interface between Hydrating Cement
Paste (HCP) and the non-absorbing
dense normalweight aggregate "wall™

Higher water content
may develop at
dense aggregate

%"wall" interface

Smooth
Contact
Surface

Water

entrained
in LWA : ;
pores (5-300um) CEites

moves to finely o
developing

HCP pores

{= 1pm)

Irregular

pyro-processed

contact surface

is pozzolonic.
Integrity of Transition Zone
improves at the LWA interface.

HARDENED CONCRETE.’ ‘.FRESH CONCRETE
After set

Transition Zone:

Wi/Cm tends to increase in

transition zone at approach to dense
normalweight aggregate ™wall.”™

Figure 3: Self Curing Mechanism with LWA.
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Figure 4: Self Curing Mechanism with Polymers

1.8 Advantages of Self Curing

e Provides water to keep the relative
humidity (RH) high, keeping self-
desiccation from occurring.

e Increases strength and hardness to some

extent

e Reduces autogenous shrinkage and
avoids micro-cracks in the concrete
which increases strength and
permeability.

2. Objectives of the Study

e To obtain an ideal percentage for
replacement of fine aggregates by slag
sand with replacement percentages of
0%, 10%, 20%, 30%, 40% and 50%

e To study the strength properties of the
concrete when reinforced with 1.5% by
weight of cement of polypropylene
fibers and 1% by weight of cement of
self-curing agent.

e To conduct a comparative study of
strengths obtained with conventional
concrete when fibers are added along
with self-curing.

3. Methodology

Upon reviewing of various existing research
papers and literatures, the materials were
procured from local vendors. Initial tests were
conducted to determine its basic properties.
Then mix proportions were calculated as per IS
10262:2019 to carry out the mixing and casted
into moulds. On successful casting, the
specimens were kept in air dry condition in a
cool place for internal curing without water for
7, 14 and 28 days. After the curing period the
specimens were tested to determine the

compressive and split tensile strengths using
CTM. The strengths were then compared with
conventional concrete.

i T
Matenals
. J Specific
( ! \ gravity test
Initial Teats
“ Water
) absorption test
Mix Design
‘ .
Concrets mixmg and
casting
o ; - y
Cuning
h ’ Compressive
*- o
7 { . Strength Test
Teshing
b -
[ { A e Split Tensile
i T
Results & Analysis il

Figure 5: Methodology.
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3.1 Materials Used

Cement: In this study, Birla’s Ordinary
Portland Cement of 53 Grade conforming to IS
12269-1987 was used

Course Aggregates: Aggregates of maximum
size 20mm, as per IS 383-2016, was used
procured from local quarries.

Fine Aggregates: Locally available M-sand as
per IS 383-2016 was used in this project.

Slag Sand: JSW slag sand which is available
in 50kg bags was used.

Polypropylene Fibers: Fibers of length 12mm

was used which is oriented randomly during
mixing and added in 1.5% by weightof cement.
Polyethylene Glycol-400 (PEG-400): It is a
shrinkage reducing admixture. The dosage was
taken as 1% by weight of cement while mixing.
Super plasticizer: For this study, Sulphonated
Naphthalene  Formaldehyde (SNF). 1%
admixture dosage by weight of cement was
used for all mixes except for conventional
specimens.

Water: Potable water was used for mixing

Table 1: M aterial properties
M aterial Property Value
Specific 315
Gravity ’
Cement (OPC |Initial setting .
1 . 32 mins
53) time
Final setting .
. 500 mins
time
Specific 265
5 Course Gravity :
aggregate Water o
Absorption 0.30%
3 M.Sand | >Pecifi 2.67
—>an Gravity ’
4 ShgSand | oPecife 2.65
ag San Gravity .
Specific
. 0.91
5 Polypropylene |Gravity
Fibers Length 12mm
Aspect Ratio 500

3.2 Mix Proportion
For this study, design mix of M25 grade of
concrete was calculated as perIS 10262:2019.
A total of 7 mixes were prepared including the
conventional mix to obtain an optimum

replacement dosage. Table 2 indicates the mix
proportion for (kg/m’) of design mix of M25
grade with a mix ratio of 1:1.49:2.61and water
cement ratio of 0.45.

Table 2: Mix Proportion of concrete
Mix  |Cement Course M-sand Slg PPF |PEG-400
Aggregate Sand

ML 0% | 34 1112 636

M2[ 0% | 34 1112 636 5.0 1 34
M3 [ 10% | 341 1112 5721 64 ] 51| 34
M4 | 20% | 341 1112 S08 | 127 51| 34
M5 | 30% | 34 1112 45 1 191 | 51| 34
Mo | 40% | 341 1112 81 | 254 51| 34
M7 [ 50% | 34 1112 38 | 318 | 51 | 34
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3.3 Test Procedure
The concrete specimens were prepared for
compressive and split tensile tests. Cubes and
cylinders containing polypropylene fibers, self-
curing agent of 1.5% and 1% respectively by
weight of cement. The M-sand replacement by
slag sand in 0%, 10%, 20%, 30%, 40% and
50% percentages.
Conventional concrete specimens without
slag sand i.e. with only M-sand, fibers and self-
curing agent were also casted.
First the dry mixing was done by adding all dry
materials followed by mixing water, self-
curing agent and super plasticizer.
After adding water, mixing is done for about 5
minutes and casted into the respective moulds.
It was observed that the workability of the trial
mixes was reduced due to the addition of
fibers. Hence 1% by weight of super plasticizer
was added to reduce the water for mixing and
to obtain better workability. Since the curing is
doneinternally, specimens were kept in air dry
condition in a cool place for internal curing
without water for 7, 14 and 28 days. After the

curing period the specimens were tested to
determine the compressive and split tensile
strengths using CTM. The strengths were then
compared with conventional concrete.

4. Results and Discussion

4.1 Compressive Strength

This test was performed on cubes of size
150mm x 150mm x 150mm as per IS: 516-
1959, in compression testing machine where
the load is applied gradually at a constant rate
on the surface of the cube till it fails orcracks
develop. From the test results we can observe
that the compressive strength increases with
increase in percentage of slag sand up to 30%
.The maximum strength attained was 31.52
MPa after 28 days of curing at 30%
replacement. There is anincrement of strength
by 20.31%with respect to the conventional
concrete mix. At 40% replacement, there is a
gradual decrease in strength. At 50% there is
further decrease in strength. The test results are
as represented below.

Table 3: Compressive Strength (MPa)
Samples |7 Days| 14 Days 28 days
Ml 226 | 2.59 3.07
M2 226 | 2.64 3.11
M3 228 | 2.69 3.14
M4 236 | 2.74 3.22
M5 252 | 291 3.37
M6 238 | 2.5 3.19
M7 2.26 2.7 3.08

B7 Days

Compressive strength

14 Days 28 days

Compressive strength (IN/mm?)

=)

15 - —

10 - =

5 ] |
Ml M2 M3 M4 M5 M6 M7

Samples

Figure 6: Graph showing Compressive Strength.
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4.2 Split Tensile Strength
This test is performed on cylinders of size
300mm x 150mm in compression testing
machine. The load is applied axially on the
specimen without any shock at a constant rate
until it fails. From the test results we can
observe that the split tensile strength increases
with increase in percentage of slag sand up to
30% .The maximum strength attained was 3.37

=
Figure 7: Compression Testing of Cube in CTM

MPa after 28 days of curing at 30%
replacement. There is an increment of strength
by 9.68% with respect to the conventional
concrete mix. At 40% replacement, there is a
gradual decrease in strength. At 50% there is
further there is further decrease in strength. The
test results are as represented below.

Table 4: Split Tensile Strength (MPa)
Samples 7Days |14 Days| 28 days
Ml 226 2.59 3.07
M2 2.26 2.64 3.11
M3 228 2.69 3.14
M4 2.36 2.74 322
M5 2.52 291 3.37
M6 2.38 2.75 3.19
M7 226 2.7 3.08

Split Tensile strength

7 Days B 14 Days

28 days

Split Tensile strength (N/mm?)
:
o

M1 M2 M3

M4 Ms Mé M7
Samples

Figure 8: Graph showing Split Tensile Strength.
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Figure 9: Split Tensile Testing of Cylinder in CTM.

The % variation of compressive and split
tensile strengths in comparison with the
conventional concrete is given below. The

variation in M5 sample which contains 30%
slag sand from both the tests.

comparison indicates the maximum %
Table 5: % variation with respect to conventional mix
Compressive Strength (Mpa)| Split Tensile Strength (Mpa)
Strength % Strength v,
Samples| at28 . .. |Samples| at28 L.
variation variation
days days
MI 262 | 0.00% | Ml 3.07 0.00%
M2 2692 | 275% | M2 311 1.36%
M3 274 | 458% | M3 3.14 2.26%
M4 2915 | 11.26% | M4 322 4.99%
M5 3152 |1 2031% | MS 3.37 9.68%
M6 2823 | 775% | Meé 3.19 3.80%
M7 204 | 0.76% | M7 3.08 0.38%

5. Conclusions

After conducting the strength tests on the
concrete specimens the following conclusions
can be drawn:

e Both compressive and split tensile tests
have shown increase in strength with
increase of replacement percentage for all
mixes at each curing period, up to 30%
where maximum strength is obtained.

e Increase in replacement percentage beyond
30% will give lower strength

e Finally based on the study, it can be
concluded that M-sand can be replaced by
slag sand up to 30% where it yields
maximum strength when compared to
conventional concrete.

e Self-curing concrete can be employed in
areas with scarcity of water.

e Serves as an effective waste disposal
method for industrial byproducts.

e Can be used for tunnel linings, pavements,
flooring etc.
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ABSTRACT

In general, there are two types of crossings i.e. at-grade and grade separated. If the pedestrians are completely
segregated (grade-separated) with vehicular traffic, then there is no effect of pedestrian crossings on vehicular flow
characteristics. If such grade separated crosswalks are too apart from each other, then pedestrians either change their
road crossing choice according to their destination which will result in more travel time or pedestrian will use forced
gaps to cross the roads. Also, due to poor construction of grade separated facilities and roadside development,
pedestrians usually cross the road at unprotected mid-block locations under mixed traffic conditions. However, in
mixed traffic condition, it is very rare to get adequate vehicular gaps to cross the road. Hence, pedestrians will exhibit
non-complaint road crossing behavior, causing more interference with vehicles. It leads to a rigorous change in
vehicular flow characteristics such as speed and flow. The present study is carried out with the objective to study traffic
flow characteristics at such sections.The present study has analyzed the effect of pedestrian crossing on the
characteristics of vehicular flow at mid-block location under mixed traffic conditions. The study results may be useful

for decreasing the travel time for vehicular drivers by controlling usage of pedestrian forced gaps.

Introduction
Traffic has grown in recent years with
urbanization and hence became major consent
for the developing nations. The un-protected
mid-block location is one of the important
components in the urban transportation system
for pedestrian activities under mixed traffic
conditions especially in countries like India.
The number of such un-protected mid-block
pedestrian road crossing activities has been
increasing in Indian context and growth of
these activities may also result in pedestrian
accidents. The increase in un-protected
midblock pedestrian road crossings has been a
significant effect on vehicular characteristics
such as an increase in travel times and a

decrease in vehicle speed. At signalized
midblock and intersection, there 1is the
complete right-of-way to pedestrians and

vehicles as it results a decrease in pedestrian
and vehicle conflicts as well as the severity of
conflicts.

There are numerous studies which deal with
the pedestrian road crossing behavior at
intersection and mid-block locations. The
importance of these crossing studies is related
to the evaluation of pedestrian facilities, traffic
control features and road safety treatments by

means of before and after crossing studies on
pedestrians’ behavior as well as safety.
Pedestrians need to cross the road at some
location during the course of travel and
crosswalks are important for pedestrians to
cross the road. The crosswalk locations should
provide safe and comfortable movement.

In this context, the objective of present study is
to investigate the effect of pedestrian crossing
on vehicular characteristics. More precisely,
this research aims to study the vehicular flow
characteristics with and without pedestrian
crossings along the same roadway section with
same geometry properties. Hence we study the
effect of pedestrian crossing on unprotected
midblock without crosswalk available for
pedestrians.

Literature Review

The designing of pedestrian crossing facilities
at proper location is a complex problem under
mixed traffic conditions in countries like India.
The choice of a particular type of pedestrian
crossing facilities (at grade or grade separated)
influences the safety of pedestrian and results
in change of vehicular flow characteristics. It is
very important to avoid the sudden change of
vehicular flow characteristics caused by
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unexpected pedestrian crossings by improving
typical  crossing locations usually by
implementing refuge median islands or
signalized crossings or complete segregation
(grade separated) by considerations of both
vehicle as well as pedestrian volume. In this
line, Bak and Kiec (2012) studied the influence
of mid-block pedestrian crossings on roadway
capacity by the simulation model. The results
indicate that the vehicular driver willingness to
give a right of way to pedestrians on urban
roads results in decrease in capacity reduction
and increase in delays and it is also observed
that there is significant reduction in roadway
capacity at zebra crossing locations. Schroeder
et al. (2012) found that effect of pedestrian
non-complaint behavior on vehicular capacity
at the multilane roundabout as a function of the
driver yields behavior. Duran and Cheu (2012)
studied the effect of crosswalk location as well
as pedestrian volume on roundabout capacity
by the simulation model. From the results, they
concluded that if the crosswalk is placed
further upstream from the yield line then the
entry capacity of roundabout approach
increases. But, there is no significant change in
the entry capacity when the crosswalk is
beyond three car-length upstream from the
yield line.

The yielding behavior is affected by various
aspects of the roadway and driving
environment, including vehicle dynamics,
pedestrian’s behavior, roadway function and
design. The driver yield behavior is rarely
observed (those pedestrian waiting at curb
location) at un-signalized intersection under
mixed traffic conditions. The non-complaint
behavior of pedestrian and non- driver yield
behavior the interaction between pedestrian-
vehicle increases at un-signalized mid-block
crosswalk locations. Dulaski and Liu (2013)
studied the interaction between the pedestrian
and vehicular driver at un-signalized mid-block
locations when pedestrian is waiting at curb
and stepping off the curb. From the results, it
was concluded that, the driver yield behavior is
more when the pedestrian steps off from the
curb and it is more during morning peak hours.
Safety at mid-block crosswalks depend on the

ability of drivers and pedestrians to recognize
potential conflicts. Some of the researchers
explored pedestrian safety at mid-block
crosswalk location and they concluded that
pedestrian safety is governed by driver yield
behavior (Brumfield et al., 2013) and some
researchers have carried pedestrian road
crossing behavior comparative study between
signalized and un-signalized midblock
locations (Khatoon et al., 2013). But, there is
trade-off between pedestrian safety and
vehicular flow characteristics (speed, vehicular
flow etc.) at un-protected midblock locations
due to non-complaint road crossing behavior of
pedestrian.

In summary, a midblock path provides
pedestrians a safer and a lot of visible thanks to
cross a street than crossing at a random and
infrequently dangerous location. Midblock
crosswalks are most helpful in suburbs and
areas wherever it’s common to seek out long
stretches while not intersections. Midblock
crosswalks ought to be settled wherever there's
significant traffic and major destinations, like
faculties, looking centers, or transit stops.
whereas all midblock crosswalks should be
marked, they will even be increased with
medians, refuge islands, signals, signs, lighting
and curb extensions.In the urban transportation
system at some locations (school zone and
residential areas) the effect of vehicular traffic
is reduced by implementing raised pedestrian
crosswalks. Some research studies were carried
on effect of raised pedestrian crosswalks on
urban vehicular traffic. However, the improper
midblock crosswalk location was deliberating
the pedestrian crossing behavior. Moreover,
this crossing behavior leaves a deleterious
impact on traffic stream. Few research studies
address the effect of pedestrian. The present
research work is directed to the improvement
and development of mid-block section and
road intersection and to regulate the traffic
volume and its downside by traffic style in
urban areas in the developing nations like
Indian. The objectives of the current study area
formulated to study the pedestrian crossing
characteristics and behavior in urban roads and
to study the effect of pedestrian crossing
behavior on traffic flow characteristics.
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Study Location
Following are the factors considered for
selection of study section:

e The midblock section should be free
from the effect of any kind of side
frictions like speed breakers, bus stops,
signals etc. other than pedestrian
crossing.

e The midblock section should be free
from the effect of intersection gradient,
horizontal and vertical curve with
uniform geometry.

e The midblock section should have good
traffic and pedestrian flow.

e The midblock section should not have
any crosswalks available for pedestrian

to cross.
By considering all the above criteria, the
sections selected were

NagavaraandYelahankaNew Town, Bengaluru.
Nagavara is in north Bengaluru and has a
population of 35264according to 2011 census
(conducted by BBMP). The main cause of
traffic and its congestion in this area is
Manyata Tech Park (also called Manyata
Embassy Business Park),which is
a software technology park in Bangalore. The
park is situated in Nagavara (near Hebbal)
on Outer Ring Road, and has a building area of
9.8 million square feet.

First midblock section was located near outer
ring road of Nagavara which has mixed traffic
in immense amount and second midblock
section was located 80m away from first
location and had vast amount of vehicle traffic
and reduced pedestrian traffic. Figure 1 shows
the Google Maps Image of Nagavara.
Yelahanka New Town is a suburb of Bengaluru
and has population of 30,000 according to
2011  census (conducted by BBMP).
YelahankaNew Town is connected with
downtown Bangalore through Yelahanka Old
Town which is in turn connected to a network
of roads and a six lane dual carriageway
highway. The same highway connects
Yelahankawith Kempegowda International
Airport and other villages near Devenahalli.

A midblock section was located near dairy
circle of Yelahanka which had ample amount
of pedestrian and vehicle traffic and the second

midblock section was located 125m away from
first location which had low pedestrian traffic
and moderate amount of vehicle traffic. Figure
2shows the Google Maps Image of Yelahanka
New Town area
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Data Collection

Videotaping survey was conducted at both
locations during a normal weather working day
condition. The survey was conducted during
peak flow condition in morning (8:00-
10:00AM). The video camera was located at
the side of the road/ on the footpath. Figure 3
shows the video camera setup for capturing the
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vehicular and pedestrian traffic at the study
locations.

Data that was collected includes pedestrian and
traffic characteristics. In particular, to study the
individual vehicular effect by pedestrian
crossing, data was collected for 2 hours. The
collected data includes a number of
pedestrians, vehicular flow, and vehicle speed.
The video-graphic data was captured with the
help of high-resolution cameras to capture
vehicular characteristics.

Figure 3. Video Camera Setup

Data was collected in time step of 5 minutes.
From each time step (5 min), data was
collected which includespedestrian and traffic
characteristics.In  particular, to study the
individual vehicular effect by pedestrian
crossing, data was collected every 5 min and it
is approximated to hourly traffic in order to get
each hour traffic flow characteristics. Data
collected consists of mean speed of vehicles,
density and flow of vehicles, total number of
vehicles traversing and number of pedestrians
crossing the road.

Analysis

Preliminary observation

e From the preliminary survey, it is
observed that there is significant
difference between speeds of different
class of vehicles at selected locations
(with and without pedestrian crossing).

e It was observed that, the higher
jaywalking or higher multiple stage of
road crossing behavior, parked vehicles
and pedestrians waiting for bus or auto

interaction between vehicles and
pedestrian.
e It was observed that pedestrians

neglected the sidewalk or footpath
which was in perfect condition, and
often used walk on the road.

e Few vehicles were parked on the
sidewalk often.

Figure 4 and 5 shows the vehicles parked on
the foot path and pedestrians walking on road
adjacent to a
re§Pectively.

fairly usable sidewalk

Figure 5. Pedestrians walking on road
adjacent to a good sidewalk

rickshaw  further  increases  the The effects of pedestrian crossing on individual
vehicles were studied by considering the
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variation of individual vehicle flow
characteristics. Vehicle Flow characteristics
consist of the following parameters (i) volume
count (ii) Speed (iii) density of vehicle on road
(iv) Flow and various relationship between
various traffic flow characteristics.

From the field survey, it is observed that
vehicles such as car, two wheelers were more
compared to heavy vehicles and auto rickshaw
and cars at the selected site. Hence, individual
variation analysis was only carried out for car
and two wheelers. The following figures show
the variation of both midblock section (i.e.
unprotected and protected) from theoretical
curves.

5.2 Volume count

Road user volume count data was extracted by
using VLC Media player software. The road
users classified into five different categories for
both sites as shown in following tables. Total
number of vehicles recorded in Nagavara are
9390 and Yelahanka New Town are 5823,
during 2-hour time period at both protected and
unprotected midblock sections. Table 1 and
table 2 shows the volume count at unprotected
midblock section and protected midblock
section at Nagavara and Yelahanka New Town,
Bengaluru, respectively.

Table 1 Volume Count at Unprotected Midblock Section and Protected Midblock Section at
Nagavara

Road user Road users included Volume Count at unprotected Volume Count at protected
type midblock section midblock section
Pedestrian Pedestrians crossing 9% 0
the road
) Wheeler ~ Scooter, Motoreycle, 3343 3002
Bicycle
Auto rickshaw,
3 Wheeler Garbage rickshaw 757 612
4 Wheeler Cars 809 535
Heavy Buses, Trucks, Big
Vehicle Utility Vehicles 178 154

Table 2 Volume Count at Unprotected Midblock Section and Protected Midblock Section at

Yelahanka New Town
Road user . Volume Count at unprotected Volume Count at protected
Road users included . h ) .
type midblock section midblock section
Pedestrian Pedestrians crossing 110 0
the road
2 Wheeler ~ Scooter, Motoreycle, 1902 2008
Bicycle
Auto rickshaw,
3 Wheeler Garbage rickshaw 375 486
4 Wheeler Cars 310 514
Heavy Buses, Trucks, Big
Vehicle Utility Vehicles 107 121

Speed Measurement

From the play back videos in theVLC Media
player software, the entry and exit timings of
vehicles on marked lines for every 5 minutes
are noted. The distance between the two lines

was known (30m) and the speed extracted are
average speeds or mean speeds using the
equation 1. Table 3 shows the speed data for
the study locations.

distance between marked lines(d=30m)

Speed of Vehicle =

time taken to traverse between marked line(t)

eq (1)
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Table 3 Speed data in kmph at Nagavara and Yelahanka New Town.

Speed in kmph at Nagavara Speed in kmph at Yelahanka New

Type of Road Town
User Minimum Maximum Mean Minimum Maximum Mean
Midblock All Vehicles 12.00 40.00 26.00 12.00 36.00 24.00
with 2 Wheelers 21.16 40.00 30.58 19.60 36.00 27.80
pedestrian 3 wheelers 20.16 36.00 28.08 19.60 31.76 25.68
crossing Cars . 17.60 32.70 25.15 16.61 29.18 22.80
Heavy vehicles 12.00 27.00 19.50 12.00 27.00 19.50
Midblock All Vehicles 15.40 51.40 33.40 19.60 54.00 36.80
without 2 Wheelers 30.80 51.40 41.10 27.00 54.00 40.50
pedestrian 3 Wheelers 27.00 41.50 34.25 27.00 41.53 34.26
crossing Cars . 26.30 45.00 35.65 26.34 41.53 33.94
Heavy Vehicles 15.40 36.00 25.70 19.60 36.00 27.80

between the two marked lines on the lane. Here
average or mean density has been calculated
Density (k) is calculated as the ratio of number  using the equation 2:

vehicles traversed between two marked on

lines on a lane in a specified time to distance

Traffic Flow and Density

Number of vehicles traversed between two marked lines on a lane in a specified time

Density (k) = eq(2)

distance between the two marked lines on the lane

between traffic flow (q), density (k) and speed
Flow is the number of vehicles passing a v)

reference point per unit of time, vehicles per

hour. Here it is calculated as the product of Flow (q) = speed of vehicles (v) *
average or mean speed of vehicles (v) and density (k) eq(3)

density (k). Equation 3 showa the relation

Table 4 shows the density (k) and flow (q) at the Nagavara and Yelahanka New Town

Nagavara Yelahanka New Town
Crossing . . . . . .
condition Traffic type Density (k) in ~ Flow(q=v*k) in  Density (k) in  Flow(q=v*k) in
veh/km veh/hour veh/km veh/hour
. 2 Wheelers 15 459 9 250
Sggﬂ:‘ﬁh 3 Wheelers 4 112 5 129
pedestrian Cars ' 5 126 5 114
crossing Heavy vehicle 3 59 3 58.5
All Vehicles 28 728 23 552
Midblock 2 Wheelers 15 617 10 405
section 3 Wheelers 9 308 3 103
without Cars 7 250 4 136
pedestrian Heavy vehicle 2 52 3 83
crossing All Vehicles 35 1169 20 736

The speed (v) — Density (k) — Flow (v)
relations are developed for the traffic flows
with and without pedestrian crossings and are
shown in figure 6.

Special Issue on Engineering Technologies and Management 1001
(Sept. - Oct. 2021)



Vidyabharati International Interdisciplinary Research Journal (Special Issue) ISSN 2319-4979

All Vehicles , Figure 6 Traffic Speed (v) — Density (k) — Flow
Without ; ;
40 4 Pedosian (q) Relationship
38 A Crossing . . .
36 | With Pedestians The‘ Spqed -DenS}ty relationship of all 'the
Crossing vehicles is approximately equal to theoretical
< 34 1 , one for midblock section without pedestrian
§ 32 _Eﬁiszemal crossing. But irregular variation is recorded for
;E 30 | midblock section with pedestrians crossing the
5‘g road. This variation is due to various reasons
s 28 1 including driver and pedestrian behavior.
zj Results and Discussion
) . . . In this study, data was analyzed and the result
20 22 24 26 shows the fundamental relation between the
Density in Veh/km speed-density and speed-flow and flow-
- density. The study also shows how the
All vehicles pedestrians’ crossing at midblock effects the
307 speed, density and flow of different categories
\ of vehicles and how behavior of driver changes
45 - N\ from one section to  another.Speed
. With N\ chgracteristics pf unprotected and protgcted
£ 40 - Pedestrians \ rmdblock sgctlon show thgt there is 2
" _%rl‘;srgial \ significant difference in speed in all categories
o Curve of vehicles. The pedestrians’ crossings
8 35 / negatively affect the capacity of the section.
wn Without
Pedestrians From the manual count method pedestrians’
301 Crossing crossing the section was calculated for every
y Sminutes. From this, it is noted down that the
25 : . pedestrians’crossing varies from section to
600 650 700 750 section and from place to place also. The size
Flow in Veh/hr of the data collection depends on the length of
(a) Traffic Speed (v) — Density (k) the counting period, the ‘type of count being
(b) Traffic Speed (v) — Flow (q) performed, crosswalks being observed and the
road conditions.
All vehicles
With The Vehicle count in Yelahanka New Town is
800 - Pedestrians lesser than Nagavara region, but pedestrians’
%ﬁ;i‘gtg crossing the section is higher than Nagavara
750 + Pedestrians region, due to less vehicle activity in the
Crossing suburb. The Vehicles drive slowly at
%700 i _gﬁf“l’?ﬁcal unprotected midblock section and have slightly
2 s higher speeds in protected midblock section.
Z 650 1
% Irrespective of the midblock section, two
&= 600 wheelers are present in higher count than any
other vehicles and they also have higher speeds
550 1 than any other category of vehicle with an
average of 29 kmph and 40 kmph at
500 ' ' ' V ' unprotected and protected midblock sections,
20 22 Denziy in Viﬁ/km 28 30 respectively.Two wheeler tend to change the
vehicle path slightly to compensate for the
(c) Traffic Flow (q) — Density (k) interference of pedestrians.
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Cars have higher interaction time with
pedestrians’ crossing the section as they have
to yield and decrease their speed, with an
average of 24 kmph and 35 kmph at
unprotected and protected midblock sections,
respectively. The relation between speed and
density and flow are affected by pedestrians’
crossing and have greater variation in
unprotected midblock section than in protected
midblock section.

Heavy Vehicle are not much affected by
pedestrians’ crossing as they are driven at low
speed in District Roads and Urban Roads. But
the speed and flow values vary only slightly
and they also cause delay to other vehicles in
smaller midblock sections with an average
speed of 20 kmph and 26 kmph at unprotected
and protected midblock sections, respectively.
The Density and Flow values do not vary
highly as in case of two wheelers and cars.

Three Wheelers tend to be affected by standing
pedestrians rather than pedestrians crossing the
road as they are anticipating fareswith an
average speed of 28 kmph and 32 kmph at
unprotected and protected midblock sections,
respectively. The Density and Flow values do
not vary highly as in case of two wheelers and
cars.

Conclusions

The vehicular speeds were implicitly affected
with pedestrian crossing when compared to
without pedestrian crossing location under
mixed traffic conditions. The theoretical
capacity is significantly reduced with
pedestrian crossings for car. However, increase

in capacity is observed with pedestrian
crossings in case of two-wheeler. The
underlying fact is the variation of the speed of
the car and two-wheeler.

The increase in reduction of vehicle speed
significantly affects the travel time of vehicular
drivers and it further has influence on the fuel
consumption. However, the driver yield
behavior is the tradeoff between pedestrian
safety and vehicular flow characteristics. This
study clearly indicates that the importance of
pedestrian crossing facilities and the barrier
effect on the vehicular flow characteristics.

Reduce pedestrian exposure to vehicular
traffic. Better and easy way for pedestrian
crossing is implementing pedestrian safety
interventions for road geometry and grade
separated crossing rather than using at-grade
crossing. This judgment of segregating
pedestrians from vehicular traffic should be
based on the number of pedestrian accidents,
illegal pedestrian crossing and demand of
pedestrian as well as vehicular flow.

This study has few limitations, in this study the
effect of pedestrian crossing on the heavy
vehicle is not addressed because of less heavy
vehicle flow at selected location.

Jaywalking should be considered a legal
offense, at least at some roads where vehicular
traffic and pedestrian volume is high.People
need to be educated about crossing behavior
and the delays and effect it has on day to day
traffic.Various vehicles park at or near
sidewalks. This should be prohibited in order
to keep pedestrian and vehicular traffic
separate
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EFFECT OF REJUVENATORS ON BITUMEN MIXES

N. Moodi
School of Civil Engineering Research, REVA University, Bangalore, Karnataka, India

ABSTRACT

The road network of 33 lakh kilometres in India is the second largest in the world. Despite much significance to
national economy, the road network lacks quality in several aspects. The road construction exposes various concerns
pertaining to the availability of natural resources such as soil, binders, aggregates, fuel etc. India consumes about 5
million tons of viscous bitumen per year and the quality of the binder used is required to comply with the specified
standards. The rapid depletion of natural materials has led the asphalt industry to find other sources to build
sustainable and economical roads without compromising the quality of the material. The Hot mix asphalt roads are
rehabilitated by milling and replenishing with new HMA. As a result, 100 million tons of milled materials are
generated annually. This may cause environmental damages if not properly disposed and landfills required is of large
area. Pavement performance decreases considerably after years of exposure to traffic loads and climate changes. The
pavement structure at the end of its life design can be crushed and recycled and used in construction in varying
amounts with the addition of rejuvenators to obtain desired properties. There is need to adopt to the rejuvenation
technique more reliable with the recycled materials in large traffic volume roads that needs to be maintained. This
paper highlights the use of recycled asphalt pavement for the construction of new roads with the addition of
rejuvenators with cost analysis.

Keywords: Asphalt Pavement, Rejuvenators.

Introduction complex organic material is  strongly
recommended for the construction of the
pavement structure. The consistency of the
binder varies with temperature. Temperature
sensitivity is considered to be the measure at
which consistency of binder fluctuates with

temperature variation and is an important

The road network of 33 lakh kilometres in
India is the second largest in the world and
accounts for 65% of goods and 80% of
passenger transportation and comprises of
expressways, national  highways, state
highways, major district roads n other district

roads. India consumes about 5 million tons of
viscous bitumen per year and the quality of the
binder used is required to comply with the
specified standards. These four grades of
bitumen such as VG10, VG20, VG30 and
VG40 are used in the construction of the
pavement. Indian refineries produce only two
grades of viscous bitumen grade VG 30, VG10
and are not adequate for traffic and climatic
conditions in India. The rapid depletion of
natural materials has led the asphalt industry to
find other sources to build sustainable and
economical roads without compromising the
quality of the material.

The most common failures in the pavements
are the Map cracking or alligator cracking,
Pavement layers consolidation, Shear failure
cracking and Longitudinal cracking

Material Characteristics

Bitumen is a nonrenewable material which is
obtained by distillation of crude oil. This

property of the binder.
Binder Rheology

Binder changes it properties to climatic and
environmental factors, where rheological
properties of asphalt binder affects pavement
performance. The age hardening is the first
hardening process that starts from drum mixer
or through pug mill to laying and through its
design life. Rheology changes such as
reduction of penetration and increase of the
viscosity of bituminous binder takes place
during the mixing period of two oxidation
processes in the air and losing of the more
resilient components. The main factors
contributing to the age hardening of the asphalt
during the mix/ in the service of it age:

a) Oxidation: This is the oxygen process and
the reaction with the oxidation rate
according to the variation in binder and the
bonding temperature
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b) Polymerization: The combination of
molecules to form larger molecules, thus
producing a progressive hardening.

c) Volatilization: This depends on the
temperature change and the process of the
lighter components evaporate.

d) Thixotropic: This hardening of asphalt is
anticipated to the gradual emergence of
structure on the asphalt over a duration of
time. This may be checked to an extent by
reheating the material.

e) Separation: The process of removing
resins, the oily constituents of binder that
the absorption of a part caused by porous
aggregates.

Reclaimed Asphalt Pavement (RAP)

The Hot asphalt roads are rehabilitated by
milling and replenishing with new HMA. As a
result, 100 million tons of milled materials are
generated  annually. This may cause
environmental damages if not properly
disposed and landfills required is of large area.
Pavement performance decreases considerably
after years of exposure to traffic loads and

climate change. The pavement structure at the
end of its design life can be crushed and
recycled and used in construction in varying
amounts. Therefore, through rehabilitation
process, the properties of old asphalt can be
improved to restore the original properties.
Hence the use of recycled materials (RAP) has
reached high interest due to fewer waste.

Rejuvenators

The availability of desired asphalt properties
such as viscosity, penetration and ductility may
not be possible at all instances for a particular
project. However, changing the available
asphalt is possible by adding softer or harder
hydrocarbon materials. Aged asphalt in RAP
should be softened or rejuvenated to reduce
stiffness through the use of recycling agents.
On the other hand, some of the asphalt must be
hardened by adding hardening agents used in
HMA in high stress areas such as toll booths
and intersections. Typically rejuvenators
should reinstate the recovered binder to a level
of consistency characteristics suitable for
pavement construction and operation.

ASTM Requirements for Penetration and Viscous Grade Asphalt

Table 1
Test Penetration Grade | Viscosity Grade

Penetration, 25°C, 5 s 60-70 50

Ductility, 25°C, cm 100 100

Solubility in trichloroethylene,% 99 99

Retained penetration and viscosity respectively

after thin film oven test% S2* 15000
Ductility, after thin film oven test 50 40

Flash point 232 232

Methodology aim of the study is to replace the original

The pavement construction, maintenance and
rehabilitation is an important consideration for
the infrastructure development of the country.
Hence, the material requirement for
construction is enormous and as the availability
of binder is proven to be costlier, road
construction agencies have found alternatives
of using RAP materials to a certain proportion
with the addition of rejuvenating agents to
maintain original binder properties.

The experimental procedure included in this
study as aimed t checking the consistency of
original binder and the RAP extracted binder
by the Brookfield viscometer test. The main

binder content with the RAP binder by adding
rejuvenating agents such as waste cooking oil,
waste engine oil and plastic are varying
percentages and determining the optimum
dose. This chapter gives a detailed information
regarding the materials used such as RAP,
virgin binder and rejuvenating agents used in
the study. In addition it also highlights on the
various laboratory tests performed such as
dynamic shear rheometer. Fourier transform
Infrared Spectroscopy and the test procedure
involved in this study is carried out as per the
codal structure.
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| Materials

Racweled

‘ Laboratory studias

Physical tests on original
hinder VG330

Addition of
rajuvenating agents
to RAP
a) Waste cooking oil
b) Wastz engine oil

) Plastic

Physical tasts on
rajuvenated bindar
Penetration at 25°

dasign

Marshall Mathod of mix

ShA mix

Deatarmining the OBC of Hot

Selection of Materials
For the present study, RAP material was
collected from selected sections, NICE
expressway and the other sample from SH 17
(Gulbarga region) which is 8 years aged and 15
years aged, respectively. The characterization
of obtained RAP material is done by detailed
laboratory studies. Furthermore, the virgin
binder VG30 is procured and further evaluation
is done. The rejuvenators in this study were
waste cooking oil obtained from nearby hotel,
waste engine oil from automobile shop and
shredded plastic.

Recycled Materials
The basic properties of binder in RAP is
investigated as per IS 73-2006 and further
investigation of the binder is done with
addition of rejuvenating agents at varying

percentages to examine the behavior. The
consistency test on original VG30 binder was
carried out using Brookfield viscometer at 135
deg C. the asphalt separation from reclaimed

asphalt pavement material is done by
extraction process.

Bitumen Extraction
The recycled asphalt pavement material

samples were immersed in benzene solution
and extraction method was conducted by using
centrifugal bitumen extractor according to
IRC-SP 11. The centrifugal extractor is used to
extract bitumen which consists of a bowl
rotating at a controlled speed up to 3600 rpm, it
also consists of a drain pipe to remove solvent
from the mixture collected in a separate
collected container

Special Issue on Engineering Technologies and Management 1007

(Sept. - Oct. 2021)



Vidyabharati International Interdisciplinary Research Journal (Special Issue)

ISSN 2319-4979

Standard Requirements for VG30 Asphalt

Table 2
Tests Specification As per IS-73 2006
Absolute viscosity(60) poise 2400, min
Kinematic viscosity(135),cst 350 min
Penetration at 25 C, 5 sec,0.1 mm 50-70
Softening point (ring and ball) 47

For the residue obtained from thin film oven
test, the ductility at 250 ¢ should be a minimum
of 40 cm and the typical quality requires a
ductility of 150 cm. the evaluation of binder in
RAP is examined by the penetration value
before and after the extraction process. When
the amount of reclaimed asphalt materials to be
used exceeds 10 % the penetration value of the
recovered asphalt from RAP before mixing
shall exceed 15 and after the asphalt recovery,
the penetration value should not be less than 39
for VG30 grade binder as per Ministry of
Roads Transport and Highways, clause 517.2.6

Mix Design

The method for characterization of bituminous
mixes recommended is Marshall Mix design.
The Marshall compaction is slowly being
replaced by gyratory compaction as it obtains
similar degree of aggregate reorientation
caused by shear action imparted to mix in the

field. The compaction is done using Marshall
Hammer providing 50 no’s of blows on either
side of the specimen and test is conducted as
per ASTM D1559-96. The optimum binder
content is determined on the ability of mix to
relate to stability volume changes and flow

Virgin Aggregate Mix Design
For the present study the aggregate gradation
adopted is stone Mastic Asphalt (SMA)
recommended by IRC SP-79 2008. The
midpoint gradation of aggregates is considered
which are used in bituminous mixes.

Mix Design for RAP Material

The mid gradation method is adopted for
aggregates blend RAP material for varying
percentages of 30%, 50% and 70% respectively
and as per guidelines the layer gradation
requirement is considered.

Gradation of Aggregates for SMA Mix

Table 3
IS Sieve | %Passing | Mid Gradation | %Weight | Weight Retained
26.5 100 100 -

19 90-100 95 5 60
13.2 45-70 57.5 37.5 450
9.5 25-60 42.5 15 180
4.75 20-28 24 18.5 222
2.36 16-24 20 4 48
1.18 13-21 17 3 36
0.60 12-18 15 3 36
0.30 10-20 15 3 36

0.075 8-12 10 4 48

Results and Discussion

The preliminary results from the tests on virgin
binder, RAP materials used for study was
evaluated and it satisfied the limits s per IS-
73:2006. The Brookfield viscosity test was
carried out as per ASTM D4402 on virgin
binder (VG30), RFO aged binder and RAP
extracted binder which was 8 and 15 years
aged.

The experimental procedure was aimed at
testing basic properties of fresh binder and
RAP binder with addition of waste cooking oil
and waste engine oil a rejuvenators to the
binder at 2%, 4% and 6%. The Marshall
stability was carried out considering hot SMA
mix using Polymer Modified Binder and
further analysis included the blending of
recycled asphalt pavement material (RAP) of
varying proportions 30%, 50% and 70% with
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bitumen content of 5%, 5.5% and 6% for the = Mix is performed for hot mix temperature.

mix. The stability and strength for the SMA

Percentage of Binder Content in RAP

Table 4
SI No Binder content Sample 1 Sample 2
1 Initial weight of aggregate W1 1000 1000
2 Initial weight of filter paper X3 6.2 6
3 Aggregate weight after extraction W2 962.4 961.9
4 Filter paper weight after extraction Y 6.6 6.3
5 Bitumen content (%) 3.72 3.78
Results of Original Binder VG30
Table S
Binder Properties Perl.nis-sible Obtained C.odal-
Limits Values Specification
Penetration at 25 C,5 sec 68 60-70 IS 1203-1978
Ductility , cm 86 75 min IS 1203-1978
Flash point 270 175 min IS 1448-1969
Softening point 52 45-55 IS 1205-1978
Properties at Optimum Binder Content for SMA Mix
Table 6
. RAP | RAP RAP Virgin
SINo | Properties 30% 50% 70% Mif
1 Stability 15.0 15.75 | 15.25 14.8
2 Flow 4.25 6.73 5.1 5.2
3 Air voids (%) 4.3 44 4.1 3.8
4 VEB (%) 76.2 75.5 75.3 77.9
5 Bulk Density 2360 | 2.364 | 2322 2.320
6 OBC (%) 5.75 5.82 5.86 6.08
Conclusions L
4. Based on the cost analysis, it was observed

The laboratory evaluation of RAP binder with
the conventional binder was carried out and
involved aging behavior of binder. Two RAP
samples 8 and 15 years aged were used for
ascertaining various properties of binder’s
along with addition of rejuvenators at varying

percentages. From the detailed study, the 1.

important conclusions that can be drawn are;
1. The percentage of rejuvenators allowable in
the RAP Mix with the conventional

aggregates is 4 to 6%. 2.

2. The Dynamic shear test for classifying the
visco elastic behavior of binder indicated
that the increase in rejuvenator content
affected the binder’s resistance to rutting.

3. The Marshall Stability test for SMA Mix 3.

with 30%, 50% and 70% indicated higher
stability value when compared with that of
the conventional mix.

that utilization of RAP reduces the overall
construction cost with reference to the
conventional practice by 17.5%, 29%.,40%
for 30%, 50% an 70% of RAP respectively

Scope for Future Study

The addition of rejuvenators to RAP binder
can be increased above 10% and evaluated
for the Brookfield viscosity classification
and compared with the original properties.
In the study, the rejuvenators used are
waste cooking oil, waste engine oil and
plastic. However, by using various other
rejuvenators’ detailed study can be carried
out for determining the aging behavior.

The FTIR analysis can be performed in
detail considering various other
rejuvenators and the effects of each
compounds in the Mix may be determined
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4. The conventional materials can be replaced

with RAP materials and performance can

be evaluated for various mixes.

References

1. IRC: 120. (2015). Recommended practice How to construct an Asphalt Binder Maser
for recycling of bituminous pavements. Curve and Assess the Degree of Blending
Indian Roads Congress. between RAP and Virgin Binders.

2. Gawande, A., Zamare, G., Renge, V. C., . Jia, X., Huang, B., Moore, J. A., & Zhao, S.
Tayde, S., & Bharsakale, G. (2012). An (2015). Influence of waste engine oil on
overview on waste plastic utilization in asphalt mixtures containing reclaimed
asphalting of roads. Journal of Engineering asphalt pavement. Journal of Materials in
Research and Studies, 3(2), 1-5. Civil Engineering, 27(12), 04015042.

3. Abbas BooshehrianWalaa S Mogaver,

PhD, PE nd Ramon Bonaquist, Ph D, PE
Special Issue on Engineering Technologies and Management 1010

(Sept. - Oct. 2021)



Vidyabharati International Interdisciplinary Research Journal (Special Issue)

ISSN 2319-4979

ESTIMATION OF EQUIVALENCY UNITS OF DIFFERENT VEHICLE TYPE
UNDER MIXED TRAFFIC CONDITIONS

Seelam Srikanth', S. Eswar?, Syed Omar Ballari®, Anil Modinpuroju4 and Chunchu
Balarama Krishna®
'School of Civil Engineering, REVA University, Bangalore, India
*Department of Civil Engineering, Gudlavalleru Engineering College, Gudlavalleru, Andhra Pradesh, India
*Dept of Civil Engineering, Guru Nanak Institutions Technical Campus, Ibrahimpatnam, Telangana, India
*Department of Civil Engineering, Kamala institute of Technology and Science, Telangana, India

ABSTRACT

PUC is equivalency unit and acts converting factor that is used to convert different vehicle type in traffic stream into
equivalent vehicle type exclusively in terms of passenger cars. There are several methods of estimating the PCU values
. This study carried out estimating of PCU using few of method as mentioned in literature only based on data
collected from field and it mainly concentrate on the on static characteristics of vehicle .This paper discuss the

accuracy of methodology used in studies.

Keywords: PCU, Equivalency Units

Introduction

In developing country traffic flow is generally
heterogenous in nature, however implementing
degree of heterogeneity varies. Heterogenous
traffic shows complication in implementing
traffic operations and designing roads.
Measuring traffic volume as veh/hr. is
inappropriate because of heterogenous traffic
comprising different types of vehicles with
different static and dynamic characteristics .due
to this heterogeneity traffic studies becomes
critical. PCU or PCE is a common approach
used to convert the heterogenous traffic into
equivalent homogenous units. In analyzing the
traffic facilities and controlling and managing
the traffic PCU estimation plays crucial role .
The highway research board in 1965 highway
capacity manual first defined PCU as “the
number of passenger cars displaced in traffic
flow by a truck or a bus under prevailing
roadway and traffic conditions”. Later its
redefined by Transportation Research Broad in
2010 as “the number of passenger car which
will result in the same operational condition as
a single heavy traffic vehicle of a particular
section of road under particular traffic type
under specified roadway, traffic and controlled
conditions. Many different methods came to
existence in this mean period of time . This led
to confusion between user in terms of accuracy
of PCU

Use of appropriate PCU for different vehicle
categories will lead to correct volume of
heterogenous traffic in mixed traffic conditions
holding the desired level of services .In present
studies ,videography is used to collect data and
different method like dynamic PCU method ,
modified approach to dynamic method and
multiple non- linear approach method are used
and estimated the equivalency units .this paper
also compare and discuss accuracy of results
obtained from each method

Methodology

1.1 Dynamic Method
According to this method, PCU is directly

proportional to speed ratio and inversely
proportional to the projected area ratio with
respect to the standard vehicle

PCU=(V/V))/ (AJA))

where V; and V. = mean speeds of vehicle type
‘1> and car respectively; A; and A, = respective
projected rectangular areas of vehicle type ‘1’
and car; on the road.

1.2 Modified Approach Method

This method is modification of dynamic
method where headway is extra factor which is
used to estimate PCU.In this method speed
factor, area factor, headway is considered. the
product of speed factor, area factor, and
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headway factor gives PCU values and
calculation of each factor is as shown.

1.2.1 Speed factor (F,): Its ratio of speed of
standard car i.e., small car to that of speed of
subject vehicle. Let’s consider two-wheeler as
subject vehicle.

1.2.2 Area factor (F,): It is a ratio of area of
subject vehicle to that of area of standard car.

Then F,= %

Where: F,- Area factor of subject vehicle.
Aj- area of subject vehicle.
A.-area of standard car.
1.2.3 Headway factor Fi:
Its ratio of headway of subject vehicle to that
of headway of standard car.
Then FF%
Where: Fi- headway factor of subject vehicle
Ti- mean time headway of subject vehicle
T.-mean time headway of standard car
1.2.4 PCU of subject vehicle (TW):
The product of speed factor, area factor, and
headway factor gives the PCU of subject
vehicle.as shown below.
PCU =F,*F,*F;
Where:PCU;-PCU of subject vehicle
Fy- speed factor of subject vehicle
F,- area factor of subject vehicle
Fi- time headway factor of subject
vehicle
1.3 Multiple non-linear method
To estimate PCU speed model are developed
using independent variable in non-linear
regression method. It considers the variable
like proportion of all type of wvehicle ,an
average speed of vehicle types other than

standard cars( CS),where CS is considered as

standard vehicle and area ratio of CS to all

other vehicle types. The product of the area

ratio of CS to subject vehicle type ,proportion

share of subject vehicle type and average speed

of subject wvehicles type are used as

multiplicative component and proportional of

car is used as additive component. This model

is developed to predict the sped of standard

vehicle type whose co-efficient are estimated

as equivalency units of all subject vehicle type.
K

Where Vg i=average speed of small car

aj&a; - regression co-efficient

V;-average speed of vehicle type j

n; - proportion of vehicle type j

nes= proportion of standard car

A= projected area of subject vehicle type j

A= projected area of standard car

Field Data Collection and Analysis

To carry out of studies two different section of
NH 16 is selected as site. section I is near
Vijayawada and Guntur and second section is
at Ongle. Data is collected by varying the time
as peak and non -peak hours are considered. 3-
4 hours of videography is collected from both
sections. A stretch of 50 m is marked and video
is recorded . From videography recorded entry
and exit time of each vehicle in between
stretches noted. Based on this volume of
traffic, speed and time headway are collected
and even observed traffic capacity and speed
parameters like low median and design speed
are extracted.

Table 1 Dimension of Vehicle Type

Vehicle type Length in m Width in m Area in m’
™W 1.97 0.74 1.46
LCV 43 1.56 6.71
CB 4.6 1.7 7.82
HCV 6.7 2.3 15.41
A 3.2 1.3 4.16
MAV 11.5 242 27.83
BUS 10.6 2.4 25.44
CS 3.6 1.6 6.12
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Table 2 Average Speed and

Type at Both Sections

Average Headway of Different Vehicle
I

Section 11
Vehicle Average Speed Average Headway in Average Speed in Average Headway in
Type in km/hr. sec km/hr. Sec
™W 54.92 2.54 51.80 4.25
LCV 58.15 2.34 58.63 3.99
CS 84.19 2.68 76.46 4.08
CB 80.32 2.79 84.28 3.80
HCV 52.7 2.88 48.56 4.48
A 50.13 2.58 45.32 3.85
MAV 46.82 2.87 43.95 5.09
BUS 63 2.85 57.54 4.62

Table 3 Speed Parameters and Composition of Vehicle at Different Sections

‘ Vehicle Maximlllm Minimlfm v Compo‘sitio‘ns
Section Type Speed in Speed in SD 15 V50 V85 of Vehicle in
km/hr. km/hr. %
™W 90 22.5 14.95 45 60 60 50.10
LCV 90 30 14 45 60 60 6.76
CS 90 36 26.44 60 90 90 23.21
I CB 90 30 21.34 60 90 90 7.03
HCV 90 30 15.83 36 45 60 3.82
A 60 36 10.07 45 45 60 2.12
MAV 60 30 10.07 36 45 60 2.59
BUS 90 35 14.03 45 60 90 4.10
™W 90 25 13.29 36 45 60 32.29
LCV 60 22.5 19.03 36 60 90 6.69
CS 90 30 17.06 60 90 90 18.70
I CB 90 45 14.38 60 90 90 5.19
HCV 90 25.8 15.75 36 45 60 4.98
A 60 22.5 9.23 36 45 60 2.25
MAV 90 28 10.13 36 45 60 6.69
BUS 90 45 11.02 45 60 60 4.16
. Vehicle Maximl.lm Minimlfm v Compo.sitio.ns
Section Type Speed in Speed in SD 15 V50 V85 of Vehicle in
km/hr. km/hr. %
T™W 90 22.5 14.95 45 60 60 50.10
LCV 90 30 14 45 60 60 6.76
CS 90 36 26.44 60 90 90 23.21
I CB 90 30 21.34 60 90 90 7.03
HCV 90 30 15.83 36 45 60 3.82
A 60 36 10.07 45 45 60 2.12
MAV 60 30 10.07 36 45 60 2.59
BUS 90 35 14.03 45 60 90 4.10
W 90 25 13.29 36 45 60 32.29
LCV 60 22.5 19.03 36 60 90 6.69
CS 90 30 17.06 60 90 90 18.70
1 CB 90 45 14.38 60 90 90 5.19
HCV 90 25.8 15.75 36 45 60 4.98
A 60 22.5 9.23 36 45 60 2.25
MAV 90 28 10.13 36 45 60 6.69
BUS 90 45 11.02 45 60 60 4.16

Estimation of PCU Using the different method

mentioned in literature review, the process of
estimation of equivalency units is carried out.

PCU s

estimated by dynamic

method,

modified method and multiple non-linear

regression method at both

section after

extracting average speed and average time
headway from data collected
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Table No. 4 PCU Value of Different Vehicle types by Dynamic Method at Section I and I1

Section Vehicle Type | Speed Ratio Area Ratio Dynamic PCU
™W 1.53 4.192 0.33
LCV 1.45 0.912 1.5
CS 1.00 1.00 1.00
I CB 1.03 0.783 1.23
HCV 1.59 0.397 4.02
A 1.67 1.471 1.14
MAV 1.79 0.220 8.17
BUS 1.34 0.241 5.5
™ 1.47 4.19 0.35
LCV 1.30 0.91 1.43
CS 1.00 1.00 1.00
I CB 0.91 0.78 1.6
HCV 1.57 0.39 3.95
A 1.68 1.47 1.14
MAV 1.71 0.22 7.91
BUS 1.33 0.24 5.52
Table No 5 PCU Value of Different Vehicle types by Modified Approach Method At
Vehicle types | Speed Factor | Area Factor | Headway Factor | Modified PCU
W 1.53 0.239 0.95 0.35
LCV 1.44 1.09 0.87 1.36
CS 1.00 1.00 1.00 1.00
CB 1.03 1.28 1.04 1.37
HCV 1.59 2.52 1.07 4.28
A 1.67 0.68 1.08 1.3
MAV 1.79 4.55 1.07 8.71
BUS 1.34 4.15 1.06 5.89

Table No 6 PCU Value of different Vehicle types by Modified Approach Method at Section 11

For MNLR method: Initially vehicle count and
proportion of each vehicle is calculated for 5
min of time intervals. The traffic composition
and average speed of all vehicle types on all

Vehicle Types | Speed Factor | Area Factor | Headway Factor | Modified PCU
W 1.47 0.239 1.04 0.36
LCV 1.31 1.09 0.99 1.41
CS 1.00 1.00 1.00 1.00
CB 0.91 1.28 0.98 1.13
HCV 1.57 2.52 1.09 4.29
A 1.68 0.68 1.06 1.21
MAV 1.74 4.55 1.07 8.47
BUS 1.32 4.15 1.13 6.19

sections are given in Table 7. Field data

collected at Section-I was used for the
development of multiple non-linear regression
(MNLR) speed models and Section-II data was
used for the validation of the developed model.

Table No 7 Average Speed and Proportional Share of Vehicle at both Section I and 11

Section 1 11
. Average Speed Proportion Average Speed | Average Headwa
Vehicle Type in kgm/hl:'. Slljlare in kgm/hI:". %n Sec '
™™ 45.1 0.45 56.5 0.48
LCV 47.6 0.07 60.1 0.04
CS 64.5 0.20 83.3 0.23
CB 67.0 0.06 75.1 0.10
HCV 42.0 0.07 51.9 0.08
A 40.8 0.12 494 0.018
BUS 45.2 0.03 66.1 0.05
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PCU values of different vehicle are considered standard car (cs) is considered as initial co-
as regression coefficient in proposed equation efficient as a; .73 km/hr. is taken as a.R’
of regression method. The average speed of  value obtained is 0.77. R? indicates the

. . 4 4
%ccgracy of model in determining speed. VHCV)+35*( ﬁ * Mgy * er)+a6*( ﬁ %
e Acs
Acs Acs n, * V, JHa7* —xng * 1,
sncgtan*( 4SS n *( Acs. A A) ( B B)
a;*ncs+a2 ( g ¥ e * VCB) a3 oo Ab
Acs
+adx(
Nycy * VLCV) a4 hen T MHey *
Table No 8
Vehicle Type | Co-Efficient | PCU Values
CB a, 1.56
LCV aj 2.69
HCV ay 3.83
W as 0.28
A ag 0.85
B a 6.80
Comparison of Results approach shows higher PCU values than

dynamic method . These results compared with
MNLR method it shows greater values of PCU
than both methods for some vehicles.

PCU is estimate dusing dynamic method,
modified approach method at both Vijayawada
- Guntur and Ongle sections is compared with
their results .and it is observed that modified

Table No 9
Section I 11
Vehicle type | Dynamic PCU | Modified PCU | Dynamic PCU | Modified PCU
W 0.33 0.35 0.35 0.36
LCV 1.5 1.36 1.43 1.41
CS 1.00 1.00 1.00 1.00
CB 1.23 1.37 1.6 1.13
HCV 4.02 4.28 3.95 4.29
A 1.14 1.3 1.14 1.21
MAV 8.17 8.71 7.91 8.47
BUS 5.5 5.89 5.52 6.19

where other two method considered only
relations of area and speed and headway.
e Different method mentioned in literature e But the present studies have practical

Conclusion

review used to estimate PCU are resulted difficulties in collecting data under
realistic under mixed traffic condition . controlled conditions and the data has been
e Modified approach method shows higher collected at different section of same site ,
values of PCU when compared to dynamic it would have improved if collected at
method different location and studies will be
e MNLR method is found to be more realistic continued to observe variation of PCU
and logical under heterogenous traffic and with respect to different location and
it is suitable for high heterogenous traffic considering road characteristics  for
conditions. Sincee . MNLR  method calculations of PCU
considered composition into consideration
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ABSTRACT

A good implementation of transportation facilities will helps in economic growth of the country, especially in case of
urban areas these facilities are may not be properly designed or utilized or maintained which will affects in future
development of city and economic of the system and sometimes endangers safety of road users. Urban road capacity is
a very important factor in which in some urban roads are not able to capable for their design capacity due to the
vehicular growth in the developing cities. In this context side friction factors are also one of the reasons for the speed
reduction in urban roads. Side friction factors are activities which will affects for the moving traffic. In general, road
side frictions can be in the form of vehicles stopping for pick up and drop of passengers, pedestrians crossing or
moving along roadside, parking and un-parking activities, buses stopped at bus stops, exits and entries from approach
roads etc. In this study side friction factors considered are busses stopping at curb side, pedestrians using traffic road
and on-street parking to study and analyze these activities impact on moving traffic speed and flow capacity in urban
roads of Bangalore city. Analysis was carried out to determine the speed reduction on such stretches and speed

prediction models were modeled with the above friction parameters as independent variables.

Keywords: Multiple Linear Regression Analysis, on-Street Parking, Pedestrians, Side Friction, Speed Reduction

Introduction

The urban transportation is acting as a key to
each economical communication in all urban
over the world. The increase in urban
population growth tends to increase vehicular
growth and travel demand. Typical urban
transportation  facilities include railways,
waterways, airways and roadways. Among all
categories, the big proportion consists of roads.
Logically, most planning and research
techniques are focused on road system. Many
urban roads exhibit worsen capacity and bad
performance. Many researchers have studied
about urban traffic problem in some
developing countries and found that because of
urbanization, there is often great deal activity
on and along the roadsides which affects the
performance of through traffic flow and
capacity of the road network which is called as
side friction.

1.1 Different types of Road Side Friction
Parameters are as follows
e Vehicles stopping for passengers pick up
and drop
e Pedestrians walking along or crossing the
road
e Non-motorized and slow moving vehicles.
e On-street parking

e Improper coordination and lack of
multimodal manoeuvres
e Pedestrian and non-motorized vehicles
moving along shoulders
e Vehicles entering and leaving road
e Food stalls and vendors along the road side
etc.
The urban roadway capacity is influenced by
various factors like speed of the vehicles, width
of road, structure of the road, construction
work on roads, shoulder and roadway width,
access points, terrain etc. However for urban
roads, the impact of side friction i.e., bus stops,
encroachments, on street parking, pedestrian
crossing, entries and exit from major roads etc.
are also much significant by reducing the side
friction like improper bus stops can effectively
enhances the capacity of roads. Transportation
engineering plays some role in economic
development so its application of technology in
well manner to planning, designing, operation
and maintenance of urban roads plays very
important role in developing countries.

1.2 Objectives of Study

e Study on effect of improper bus stops,
pedestrian crossings and on street parking
on urban road capacity.
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¢ Generate the model of effect of side friction
on capacity of roads using MLR analysis

e To determine the speed reduction due to
Road Side Friction

2. Area of Study

The area selected for effect of side friction on
urban roads was Sampige road located in
Malleswaram, Bangalore. In this project there
are two sections of each about 200m were
selected in Malleswaram shown in Fig 1 and 2
i.e. 8" cross section as non-ideal section and
18™ cross section as ideal section. Since at 8"
cross there is no bus bay facilities, presence of
on street parking and people walking across

and along the road is creating speed reduction
in through traffic speed. Even though there is a
safe and well planned pedestrian facility some
people are using traffic road due to the
presence of vendors on the footpath. On street
parking facility is creating manoeuvres and in
terms affecting stream flow speed. Due to the
absence of bus bay busses are stopping at curb
side which is creating traffic jam and indirectly
affecting on speeds of other vehicles.

In ideal section there is a bus bay facility and
no on- street parking hence this section was
chosen to determine the speed reduction in side
friction section.

Figure 2 18™ Cross, Malleswaram, Bangalre

3. Methodology

The work carried out in this study in three
phases:

e Site selection and field data collection

e Speed reduction model development
e Determining speed reduction due to road
side friction
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3.1 Selection of Study area

The study area should be such that it includes
some problem so that a solution can be found
with the knowledge of the problem,
consequences in future and effects of the
solution. The length of sections is selected
based on the availability of vantage points as
well as based on the length of the road section
coming under the influence of the side friction.
Traffic data collected in this study area as
following two categories:

a) Base sections; section with the absence of
side frictions like on street parking,
pedestrian activities along the road side and

bus stop at curb side.(18™ cross
Malleswaram)
b) Non-base sections; section with the

presence of side friction parameters like on
street parking, pedestrian activities alon

the road side and bus stops at curb side.(8'

cross Malleswaram)

3.2 Traffic Characteristics and Side Friction
Study

Side friction parameters and traffic volume
data collected using videography technique.
Data captured in the videos were traffic volume
data, spot speed study, bus frequency and dwell
time in seconds, number of parking
manoeuvres and influence time of un-parking
and parking vehicles in seconds and number of
pedestrian walking along and over the road.
Extracted the traffic volume for every 5Smin
interval over the entire observation period and
also converted it into PCU/hr. Taken the traffic
data in different vehicle category wise i.e.
motorcycles, car, bus, auto, LCV and HCV.
Spot speed study was taken by selecting the
stretch according to the standard. Average
speed of the section was obtained by taking the
average speed of vehicles of each type of
vehicles passed in the selected stretch for each
5 min interval over entire period of
observation.

3.3 Parameters of Side Friction

Extract the Side friction activities data from the

recorded videos at different sites over selected

length. Identify the pedestrian movement, on

street parking and buses stoppage at curbs in

the selected section of area. Note down the

frequency of each event type in the selected

section.

a) On-street parking

e Extract the on street parking data for every
5 min. interval

e Note down the number of parking and un-
parking vehicles in the study stretch

e Note down the influence time due to un-
parking and parking of vehicles in the study
stretch with the help of stopwatch

b) Pedestrian movement

e Extract the pedestrian volume count for
every 5 min. interval

e Number of pedestrians walking along and
over the street is counted on both sides of
the road at each non-base section over the
entire observation period

c) Bus stops at curb side

e Extract the bus stop at curb side data for
every 5 min. interval

e Note down frequency of buses over the
entire observation period

e Note down the dwell time of bus in seconds
with the help of stopwatch

4. Data Collection and Extraction

Camera was mounted on a tripod and kept in
certain height. All the movement were captured
in sagittal plane. Standard badminton court was
used which is available at Lakshmibai national
institute of physical education (M.P.). Standard
badminton racket and shuttle were used. Video
was analyzed through Kinovea 0.8.27 software.
One way ANOVA was used as a statistical
tool. SPSS software was used for statistical
result.
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Figure 3: Box Plot for Ideal Sections and Section with Side Friction

4.1 Speed Prediction Model Development
Multiple Linear Regression

Multiple linear regression (MLR) is a statistical
technique used to predict the values dependent
variable from the measurements of independent
variable. The aim of MLR is to model the
linear relationship between the dependent
variable and independent variables.

Basically, multiple linear regression is the
extension of linear regression and analysis
done with one independent variable with
dependent variable whereas in MLR more than
two or more variables are considered to predict
the model.

4.2 Calculation of Multiple Linear
Regression

Y= Qo + a;xjTaxxptasxs+........ AmXm

Where,

Y is dependent variable, x;, Xp,...Xy are
independent variables , ap 1s regression
constant, a;, a,... an, are regression

coefficients of the respective m independent
variables.

In this study average speeds of vehicles are
considering as dependent variable and different

40.00 -
£35.00
_§30.00
£25.00
£ 2000
2 15.00
£10.00 -
Z 500 -

categories of vehicles and its each average
speed, number of pedestrians walking along
and across the road, number of manoeuvres
due to parking and un-parking, on street
parking, bus dwell time and influence time due
to parking facility as independent variable.
This model gives the predicted average speed
with respect to side friction parameters which
are mentioned above.

4.3 Effect of Side Friction Factors on Speed
of Traffic Stream

In order to check the effect of side friction
factors and to handle variations in traffic flow
and its influence on traffic speed, the data from
chosen sections were categorized into various
ranges of traffic flow. Graphs were plotted
between side friction factors and average traffic
speed in kmph for traffic flow values 2000-
3000 PCU/hr. and 3000-4000 PCU/hr. The
Figs 4-7 shows that the friction factors
considered in this study has adverse effect on
traffic flow. Hence these friction factors were
considered for further speed prediction model
study.

Traffic Flow (PCU/hr.)
©2000-3000 PCU/hr

®3000-4000 PCU/hr

0 20

40 60 80

No. of pedestrians per five min. interval

Figure 4 Variation of Traffic Speed with Pedestrian
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Figure 5 Variation of Traffic Speed with Influence Time
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Figure 7 Variation of Traffic Speed with Bus Dwell Time

4.4 Speed Prediction Model
Output

Speed prediction model was developed at non-
base section with extracted data. In this model
development average speed of the non-base
section was considered as dependent variable
whereas side friction factors considered in this

Summary

study as independent variable. Speed
prediction modelling was done using excel.
The model obtained is shown in results and
summary output of the model is given below.

Table 1 Regression Statistics

Regression Statistics
Multiple R 0.927905765
R Square 0.86100911
Adjusted R Square 0.832808059
Standard Error 0.294987635
Observations 84
Table 2 Anova Analysis
ANOVA
df SS MS F Significance F
Regression 14 37.19 2.65 30.53 4.718E-24
Residual 69 6.00 0.08
Total 83 43.19
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Table 3 Coefficients of Independent Variables

Coefficients | Standard Error t Stat P-value
Intercept (0.16) 0.67 (0.24) 0.81
Motorcycles 0.00 0.00 0.97 0.33
Avg.speed m/s 0.06 0.02 2.68 0.01
Car 0.00 0.00 1.29 0.20
Avg.speed m/s 0.26 0.03 9.33 0.00
Auto 0.00 0.00 0.51 0.61
Avg.speed m/s 0.21 0.03 7.39 0.00
Lev &Hev 0.01 0.01 1.40 0.17
Avg.speed m/s (0.08) 0.15 (0.53) 0.60
Bus (0.00) 0.02 (0.14) 0.89
Avg.speed m/s 0.48 0.14 3.45 0.00
Bus dwell time (sec) 0.00 0.02 0.08 0.93
Manoeuvres (0.04) 0.02 (1.82) 0.07
Influence time in sec. 0.00 0.00 0.53 0.60
No of Pedestrians 0.00 0.00 0.28 0.78

5. Results

1) Effect of Side Friction Factors on Speed
of Traffic Stream

From the Figs 4-7 shows that there is some
significant impact of side friction factors on the
section with side friction area.

2). Speed Prediction Model for Non-Base
Section is given below

Vayg =- 0.159 + 0.06%v5,, + 0.262%v, + 0.21*v,—
0.079%*vy, +0.47*v,

Where, V,,, is the average speed of vehicles at
non-base section. Mooy, Nt Rgfg Nipfin Ny

MNoman a“dﬂman and Nped Nped iS number Of
lev & hcv, bus,

manoeuvre and pedestrians respectively. Vaw

motorcycle, car, auto,

Vaw, Vele, VgVa, VipViand VsVs is average
speeds of motorcycle, car, auto, Icv & hev and
bus respectively., ty and t; are the bus dwell
time in seconds and influence time of parking
and un-parking vehicles (in seconds)
respectively.  This is the speed prediction
model to determine the predicted average speed
for the base section with 2-lane, one way
direction road. The model is validated with F
test and R? value is lies within the range of 0 to
1 and near to 1, so the model is best fit model.

3. Speed Reduction Due to Road Side
Activities

Table 4 Average Speed at Ideal and Non Ideal Sections

Time Ide:;(lﬁ;;tlon Side Friction Section kmph | Difference kmph
11:00-12:00 44 23 21
12:00-1:00 43 28 15
1:00-2:00 40 24 16
2:00-3:00 41 25 16
3:00-4:00 42 25 17
4:00-5:00 42 24 18
5:00-6:00 40 22 18

Difference between average speeds of vehicles
in without side friction and average speeds of
vehicles in with side friction gives the speed
reduction due to road side friction. Here ideal
section considered is at Malleswaram 18" cross
and non- ideal section at Malleswaram 8"

cross. Fig-8 shows the difference in average
speed at base and non-base section.

6. 3D Modelling using Infraworks Software

3D model is developed at study area using
Infrawork software.
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7. Conclusion

The study was conducted to determine the
influence of the most prominent side
friction factors on a typical urban road with
2-lane one way direction.

From the graph of average speed versus
dwell time of buses, pedestrian flow on
sides of carriage ways, influence time and

number of parking manoeuvres have
adverse effect on speed of traffic stream.
Traffic volume at non-base section and
base section is varies from 2814 — 3729
PCU/hr. and  2961-4510  PCU/hr.
respectively.

Speed prediction model developed is
having R* value of 0.86 within the range of
0 to 1 and model is validated with F test
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where F value is more than critical value
1.83 so test is passed. Hence this model can
be used to predict the average speed in side
friction area with 2-lane one way direction
road.

Average speed at non-base section and base
section varies from 22-28kmph and 40-
44kmph respectively.

Speed reduction graph shows that the speed
reduction in side friction section varies
between 15 to 21 kmph. Hence while
planning and designing such type of urban
roads, care should be taken to provide good
facilities like pedestrian sidewalks and
crossing facilities, off-street parking
facilities and bus bays.
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ABSTRACT

The problems of expansive soils remain a major challenge for geotechnical engineers and have been documented
worldwide. There have been many attempts to control the swell-shrink nature of these soils. Use of chemical additives
is one of the most effective and economical methods. In this paper an attempt was made to find the efficacy of inorganic
chemicals such as Calcium Chloride (CaCly) and Sodium metasilicate (Na,SiO;) stabilized with varying percentages
from 0% to 2.5% with an increment of 0.5% by dry weight of soil. An experimental program has evaluated to find the
efficacy of additive contents on the Differential Free Swell Index (DFSI), and strength (by means of Unconfined
Compressive Strength) (UCS) characteristics of expansive soil. The soil used in this investigation is classified as
medium compressible soil as the DFSI is about 98.6%. The experimental results have been summed up in this paper is
that the plasticity, swelling properties of the blends decreased and the strength increased with an increase in additive

content.

Keywords: CaCl,, DFSI, Expansive Soil, Na,SiOs;, UCS

Introduction

Expansive soils have a tendency to swell or
shrink in response to changes in moisture
levels. This peculiar property used to create
numerous  problems due to  highly
unpredictable upward movement of structures
founded on them which results in severe
cracking in case of buildings or pavements [1],
[2], [3]. Because these are the major
influencing factors for development of any
place are country. In order to face the
challenges caused by expansive soils, many
different techniques have been developed such
as under-reamed piles, granular pile anchors,
drilled piers, belled piers, sand cushion
technique, moisture barriers and cohesive non-
swelling (CNS) layer.

In addition to the above special foundation
techniques for stabilization of expansive soils
with different additives such as lime, Calcium
chloride, cement, fly ash, rice husk ash etc. has
also been found as another potential option in
controlling the volumetric changes in
expansive soils [4], [5], [6], [7]. The use of
CaCl; could be an effective alternative in place
of lime treatment, because of its ready
dissolvability and the ability to supply
sufficient calcium ions for exchange reactions
[7], [8], [9], [10]. In recent research, sodium
metasilicate powder is using as the alkaline

activator in stabilization of expansive soil to
improve the strength properties [11].

Experimental Investigation

A detailed test programme was conducted to
evaluate the individual effect of CaCl,,
Na,SiO3;, and the combined effect of both
(CaCl, + Na,SiOs) additives. on Differential
Free Swell Index and strength characteristics.

Test Materials
Soil
The soil used in the present investigation is
medium expansive nature which is collected
from outskirts of Bangalore, Karnataka. The
Differential Free Swell index (DFSI) of
expansive soil is found as 98.6 %.

Calcium Chloride (CaCl2) and Sodium
Metasilicate (Na2Si03)

The CaCl2 and Na2SiO3 were purchased from
chemical suppliers which were acquired in
powder form.

Tests Performed and Variables Studied
Deferential Free Swell Index (DFSI)

It has been found that DFSI, which reflects the
ability of soil to swell, and decreases with
increasing CaCl2 and Na2SiO3 contents
individually and also combined form. The
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percentage of additives CaCl2, Na2SiO3 were
varied as 0%, 0.5%, 1.0%, 1.5%,2.0% and
2.5% by dry weight of the expansive soil. The
combination of two additives varied as0.5% +
0.5% of (CaCl2 + Na2Si03) to 2.5% + 2.5%.

Unconfined Compressive Strength (UCS)

Stress-strain characteristics of soil+CaCl2, soil
+Na2Si03 and (soil + CaCl2 +Na2SiO3)
blends were studied by conducting unconfined
compression tests on cylindrical specimens.
The percentage of individual additives CaCl2
and Na2Si03 were varied as 0%, to 2.5% with
an increase of 0.5%, whereas for the
combination two additives (CaCI2 + Na2SiO3)

the proportion increases from 0% + 0% to
2.5% +2.5%.

Discussion of Test Results

The Individual Effect of CaCl2, Na2SiO3
and the Combined effect of CaCl2
+Na2SiO3 of expansive soil on DFSI
Characteristics.

Figure 1 and table.l1 shows the variation in
DFSI with the proportions of CaCl2, Na2SiO3,
and the combined effect of both additives and
it can be observed that when the percentage of
additives goes from 0% to 2.5%, the DFSI
decreases. The DFSI of virgin soil

Table 1 Variation of Differential Free Swell Index with CaCl,, Na,SiO3 and CaCl, + Na,SiO;

Contents
SNo | CaCl, | DFSI(%) | Na,SiOs | DFSI (%) | CaCl, + Na,SiOs | DFSI (%)
1 0 98.60 0 98.6 0+0 98.6
2 0.5 84.50 0.5 89.3 0.5+1.5 75.6
3 1.0 72.20 1.0 79.3 1.0+1.0 58.4
4 1.5 62.15 1.5 69.8 1.5+1.5 44.3
6 2.0 54.60 2.0 62.7 2.0+2.2 32.1
7 2.5 50.70 2.5 60.4 2.5+2.5 24.2

is 98.6% and the soil treated with 2.5% of
CaCl2 1is decreased as 50.7% which has
become non expansive, because a soil with a
DFSI of 50% or less is considered as non-
expansive in nature. In case of CaCl2 the

resulting reduction in percentage of DFSI is
48.5. When it comes to Na2SiO3, as it is
increased from 0% t02.5%, the DFSI has
changed from 98.6% to 60.4% and the

120

100

80

60

DFSI(%)

40

20

—¥— CaCl.
—&— Na,SiOs
—— CaCl: + Na:SiO:s

0 0.5 1

1.5 2 2.5 3

Additive content (%)

Figure 1 Influence of Additives (CaCl; andNa,SiO3) on DFSI

Esulting percentage reduction in DFSI is 38.7.
For the combination of CaCl2 + Na2SiO3the
DFSI has decreased from 98.6% percent to
24.2%, as the combined additives (0% + 0% to

2.5% + 2.5%) increased from 0 % to 2.5% and
the resulting reduction in percentage in DFSI is
78.4. From the above data it shows that the
combination of CaCl2 + Na2SiO3is the most
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effective additive combination in reducing the
swelling behavior of expansive soil when we
compare with the individual effect of additives.
The Individual Effect of CaCl2, Na2SiO3
and the Combined Effect of CaCl2

+Na2SiO3 of Expansive Soil on Strength
Characteristics.

500.0 —%— Untreated soil
—4&— 1.5% CaCl.
—&— 1.5% Na>SiOs
400.0 .
—0— 1.5% (CaClz + NazSiOs)
£ 300.0
=
v
s
w»n 200.0
100.0
0.0
0.0 2.0 4.0 6.0 8.0 10.0
Strain (%)

Figure 2 Influence of Additives (CaCl, andNa,SiO3) on UCS

Unconfined Compressive Strength tests were
performed on the samples of soil and soil with
stabilizers.  Figure 2&3  presents the
improvement soil in UCS with CaCl2, Na2Sio3
and the combination of (CaCl2 + Na2SiO3)

450

treated soils. There is a considerable increase in
the peak stress at 1.5% CaCl2, 1.5% at
Na2SiO3 and the combination of 1.5% CaCl2
and 1.5% Na2Si03.

400
350
300
250
200

183.6

UCS (kPa)

150 133.1
100
50

0

368.9

209.7

Untreated soil

CaCl.

Na2SiOs CaCl.

+Na:SiOs

Additives
Figure 3 Improvement in UCS with Different Additives

The data reveals that the strength increases
significantly (as shown in figure 3) at the
chemical combination proportion of (1.5% +
1.5%) of (CaCl, + Na,SiOs3)as compared to the

Conclusion

In this investigation the soil is representing as a
clay of medium compressibility. The value of
Differential Free Swell Index 1is 98.6%

untreated  soil and other two individual  Gopifvine the medium degree of expansion.
addltl'VGS like 1.5% of CaCh& 1.5% of The decrease in DFSI at 2.5% of CCaCl2 is
Na,510s. observed as 48.5% and the decrease in DFSI at

2.5 Na2S8i03is noticed as 38.7%. When it
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comes to the combined effect of CaCl2 and
Na2SiO3 the decrease in DFSI at 2.5% of
CaCl2 + 2.5% of Na2SiO3 is noticed as 78.4%.
It is observed that atl.5 % of CaCI2 the
decrease in DFSI is 62.15%, with the same
percent of Na2SiO3 the decrease in DFSI is
68.9%. With the combined effect of both
additives (1.5% + 1.5%) the decrease in DFSI
is 44.3% which has become non- expansive
soil. It is observed that when comparing the
treated and untreated soils, the percentage
increase in UCS at 1.5% CaCl2 for the soil is
44.1%.In case of Na2Sio3the percentage of

increase in UCS at 1.5% Na2SiO3, it is
observed as 63.8%. whereas the combined
effect of CaCl2 + Na2SiO3, the percentage
increase in UCS at 1.5% CaCl2 + 1.5%
Na2SiO3 for the soil is 189.5%. This study
revealed that the individual properties of
Differential Free Swell Index and Unconfined
Compressive Strength of expansive soil can be
significantly modified with CaCl2 and
Na2SiO3 and the combined influence of CaCl2
+ Na2Si03 is very impressive.
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ABSTRACT

Allow water to move downwards through the body of a pavement thereby allowing quick drainage of water off the road
surface enhancing the safety while travelling on roads during the rains while at the same time allowing the absorption
of water back into the surrounding soil strata, to recharge the groundwater and reduce the storm-water runoff
simultaneously. Permeable concrete pavement is an effective means to meet growing environmental requirements due
to various human and natural effects. A permeable concrete layer generally contains little or no sand. This creates the
series of interconnected voids inside the permeable concrete layer that enables quick drainage. However, the absence
of fine aggregates reduces the structural strength and makes it prone to quick failure making it unviable. This research
aims to study the effects of addition of substitute materials in permeable concrete to determine if the addition alters the
mechanical and hydrological properties of permeable concrete. Rubber crumbs and steel scrapings among other
substitutes to fine aggregates have been used in this research work. Crumb Rubber due to its elasticity, lightweight,
energy absorption, heat insulating property it is becoming a promising material in construction industry. Steel
scrapings are a kind of industrial solid waste produced in the process of steel smelting. It can increase the compressive
strength when used in permeable concrete. This study compares the flexural strength, compressive strength,
permeability rate and porosity of permeable concrete by addition of waste materials (rubber crumbs & steel scrapings)
in different proportions of 3%, 5%, and 7% of the weight of the coarse aggregates and further compared with no-fines
permeable concrete and hopes to identify their applications based on the results generated.

Keywords: Crumb Rubber, Permeability, Porous Concrete, Steel Wool, Strength.

content. Permeable pavement is a positive
development in the practice of Low Impact
Over the years, human population has grown at ~ Development (LID). Research works have
exponential rates. With population growth, a  positively indicated that the velocity and
rapid increase in infrastructure projects was quantum  of surface run-off reduced
seen, which resulted in many cities Virtually Signiﬁcantly with use of no-fines concrete
being covered in concrete in residential and  (L.E. Abera et al., 2018).

commercial areas, increasing the
impermeability of the earth’s surface. During
rains, most of the water flows as surface run-
off, overloading the drainage system. The
pavement, not having the capacity to allow air
circulation, gets heated up causing discomfort
to the citizens and contributing to global
warming as well (B. Han et al., 2017).

Introduction

Through years of research and development,
various forms of permeable pavement systems
have emerged. Interlocking concrete paver
blocks are the most widely used throughout the
world for parking area and walkways, although
the quantity of water being led to percolate is
relatively lesser than expected due to quick
clogging of the gaps in between. Permeable
In pursuit to overcome this hassle, research  concrete is used in locations with lower traffic
scholars conceptualised the no-fine concrete, volumes, while permeable asphalt is at times
commonly known as the permeable pavement. used in parking areas (A.A. Rowe et al., 2010;
No-fines concrete is similar to conventional PSS, Patil, 2017).

concrete with very less or no fine aggregate
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Figure 1: Schematic representation of Permeable Pavement

The predominant problem with widespread use
of permeable concrete is the significant
decrease in the mechanical strength (L.J. Hao
et al., 2019) owing to the lack of fine
aggregates in the concrete matrix. Admixtures
such as silica fume, water reducing agents or
polymer emulsions increases the load bearing
capacity, but at the cost of reduced water
permeability (S. Yang et al., 2019).

There have been many attempts by researchers
to mitigate these structural defects of
permeable concrete without compromising on

the mechanical and water permeability aspects.
One such area of research is the addition of
waste materials as partial or complete
replacement of fine aggregates in the
permeable concrete mixture. This approach not
only enhances the properties of permeable
concrete, but also makes use of waste
materials, thereby reducing the waste materials
being accumulated on landfill which reduces
the environmental and health hazards.

Figure 2: Water passing through the permeable concrete slab
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In recent years, a big nuisance for many
developed countries as well as some
developing countries is during the disposal of
waste products like plastic waste, rubber tyre
waste, Rice Husk Ash (RHA), furnace slag and
fly ash, among various other waste materials.
Attempts have been made to replace different
components of concrete with these waste
materials in an attempt to minimise these
disposal problems (S.K. Gosh et al., 2015).
This path of research has led to the use of
waste materials in permeable concrete as well
to try and enhance the properties.

Further experimentation was done on
permeable concrete with crumb rubber added
to the composition in place of fine aggregates.
Crumb rubber is readily available in different
shapes and sizes with local rubber tyre dealers,
as tyres need to be shredded before recycling
them. Rubber crumbs was added in permeable
concrete in various proportions (5%, 7.5%,
10%) with respect to the volume of concrete
moulds. On performing strength tests on the
permeable concrete moulds, it was concluded
that the optimum crumb rubber content was
7.5%, with is gradual decline in both
mechanical strength as well as water
permeability thereafter (P. Sarala et al., 2019).
In a separate attempt (C.Y. Ng et al., 2019) to
determine the ideal void content in permeable
concrete, fine rubber crumbs were added in
proportions of 2%, 4%, 6%, 8% along with fly
ash as partial replacement of cement taken by
volume. The study concluded that with an
increase in crumb rubber content beyond the
optimum dosage, lower was the compressive
strength due to lesser quantity of coarse
aggregate content per unit volume, and the
permeability is significantly lowered as the
crumb rubber fills the voids.

A study conducted on rubber crumb no-fines
concrete (Y. Zhang, 2015) concluded that,
adding rubber crumbs increased the strength
properties of permeable concrete up to a
optimum dosage of 15% crumb rubber. The
strength parameters decreased with further
increase in its content. However, crumb rubber
did in fact improve the crack resistance,
toughness and abrasion. The ability to resist
frosting effect increased at first and then
reduced significantly with increase in crumb
rubber content.

With rubber crumbs added into permeable
concrete, the results obtained were not
satisfying. Taking cue from the use of steel
reinforcement in concrete during RCC works,
research work intended to determine the impact
of using steel fibres of 30 — 50 mm length and
I mm — 2 mm in diameter, along with the
conventional  constituents of permeable
concrete (Channappa et al., 2019). Steel fibres
were added in the mixture of no-fines concrete
in various ratios by weight. However, it was
found that the steel fibres in both straight as
well as crimped form gave maximum strength
at 2% content, and thereafter with increase in
the content, there was a decrease in structural
strength (Avishreshth et al.,, 2018). This
imperfection was attributed to uneven
distribution of the fibres and balling effect in
concrete.

Steel crumbs are the scrapings or flakes
produced in steel industries as a by-product
during the steel processing and moulding
processes.  Since these scrapings are
considerably smaller in size (1 mm — 2.5 mm
in diameter) as compared to steel fibres, it is
believed to mitigate the drawbacks of
permeable concrete with addition of steel fibre.
The use of steel crumbs to enhance the
characteristics of permeable is expected to
garner better results.

Methodology

On completion of reviewing the existing
literature, materials to be used with finalised
and procured from local sources. Primary tests
were carried out to determine the quality of the
materials. Once the materials procured were
found to be of acceptable quality, mix
proportions were calculated to carry out the
mixing and casting into the various moulds.
The moulds contained crumb rubber and steel
crumbs in 3%, 5%, and 7% by weight of coarse
aggregates, separately. Conventional no-fines
concrete moulds without addition of waste
crumb materials were used as a reference for
comparison and analysis.

On successful casting, the moulds were then
water cured for a period of 28 days using
gunny bags. After the completion of the curing
process, the test samples were tested to
determine the compressive and flexural
strength using the CTM and UTM respectively.
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Percentage porosity and permeability rates
were also determined to analyse the

Literature Review

Procurement of materials ]

l

Initial Tests

1

Mix Proportioning

|

Mixing and casting of no-

fines concrete
. .

!

- y

-

-

Curing

1

Testing of Specimens

|

F
J

Results & Analysis

hydrological impact of no-fines concrete.

1. Specific Gravity
2. Consistency test

1. Permeability
Test

2. Porosity test

3. Compressive
strength test

4. Flexural
strength test

Figure 3: Flowchart explaining the research methodology

Materials Used

Cement: In this project Ordinary Portland
Cement of 53 grade is used in the no-fines
concrete mix for casting different specimens.
Coarse Aggregates: In this experimental study
coarse aggregate retained on 12.5 mm sieve
was used.

Water: A w/c ratio of 0.35 was used in the
concrete mixture. Water used must be clean,
fresh and free from any dirt, unwanted
chemicals or rubbish that may affect concrete.
Crumb Rubber: Recycled rubber produced
from automotive and truck scrap tyres. During
the recycling process, steel and tyre cord are
removed, leaving tyre rubber with a granular
consistency. The particles are sized and
classified based on various criteria including
colour (black only or black and white). Crumb
rubber retained on 2.36 mm sieve was used in
this project.

Addition of crumb rubber into concrete has a

positive effect to improve toughness and crack
resistance. Rubber crumbs increases the
abrasion & freezing thawing resistance.

Steel Crumbs: Steel fibres is a by product in
steel industries. Steel crumbs are left behind
during the process of moulding of steel. Some
of the steel crumbs is reused, while a major
portion is discarded due to quicker rusting
process.

On addition of steel fibres, it is expected to
significantly increase the compressive and
flexural load bearing capacities of the blocks.
There is also drastic decrease in the brittleness
of the no-fines concrete moulds. The steel
fibres help to convert the large cracks on
failure to minute cracks on failure if used in
permeable concrete. The steel crumbs aid in
distribution of stresses evenly in the material.
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Material Properties

Table 1: Material Properties

Material Property Value Standard Range
1 |Cement (OPC 53) Speci.ﬁc Gravity 3.11 3.1-32
Consistency 30% 25% - 35%
2 |Coarse Aggregates |Specific Gravity 2.63 24-30
3 |Rubber Crumbs Specific Gravity 1.11 1.10- 1.15
4 |Steel Fibres Specific Gravity 6.92 6.5-17.7

Since the specific gravities of the various materials are well within the range, they are considered to
be of good quality

Mix Proportion and Casting

i. The aggregates were taken in the ratio

of 4:1 aggregate to cement ratio

ii. 0.35 w/c ratio was adopted for all the

of coarse

trials.

iii. Rubber crumb and steel crumb were
taken in 3%, 5%, 7%,
aggregates by weight.

iv. The quantity of mix

components was

calculated based on the volume of
casting mould being used.
v. Compression test — 150*150*150 mm?
a. Flexural mould — 100%¥100%500 mm’
b. Slab mould — 200*200%75 mm’

Vi.

The moulds were cured for duration of

28 days by the method of gunny bag
curing.

Table 2: Mix Proportioning (IS 10262 : 2009)
Crumb Steel
Mix Cement cA Rubber | Crumbs w/c  [CA:Cemen

kg/m3 kg/m3 kg/m3 kg/m3
C1 - 360 1440 - - 0.35 4:1
R1 3% 360 1440 43 - 0.35 4:1
R2 5% 360 1440 72 - 0.35 4:1
R3 7% 360 1440 101 - 0.35 4:1
S1 3% 360 1440 - 43 0.35 4:1
S2 5% 360 1440 - 72 0.35 4:1
S3 7% 360 1440 - 101 0.35 4:1

Testing
Compressive Strength Test

Compressive strength of concrete is the load
bearing capacity of the block and its ability to

withstand cracking and fissure.

CTM (compression testing machine) is loaded
at the rate of 140 kg/sq cm/min till the

specimen fails (IS 516 : 1959).
Compressive strength is the load carried by the

test specimen per unit surface area.

In this test the test specimen is placed in the

Flexural Strength Test
This test measures tensile and flexura

of the specimen under direct loading while the

Figure 4: Compressive strength test moulds

specimen behaves as a continuous member.

I ability

This test is conducted in the UTM (universal
testing machine). The specimen is placed and
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the load is applied as a one point load or as a
two point load. The loading rate is 400 kg/min
for 150 mm size mould and 180 kg/min for a

100 mm size mould (IS 516 : 1959).

Porosity Test

This test is performed to determine the % of
void spaces present in the sample. The porosity
(n) of the sample helps us determine the
seepage velocity (vs) which indicates the speed
of flow of water through the pores (F. Montes
et al., 2005).

Figure 5: Flexural strength test moulds

V-V
Porosity = % * 100
Where,
V — Volume of test mould
V| — Volume of water displaced
in the tank

Figure 6: Test on porosity of No-Fines Concrete

Velocity of Discharge of water
The test mould is placed on top of a tank and
water is poured on the surface of the mould.
We then note down the time taken to drain the
water container, as well as the time taken for
90% - 95% of the water to drain out from
under the mould. Using Darcy’s discharge

equation we can calculate the rate of discharge
and discharge velocity.
Q=AxV
Where,
Q — Rate of discharge of water
A — Cross Sectional area
V — Velocity of discharge

Figure 7: Permeability test on No-Fine Concrete slab

Special Issue on Engineering Technologies and Management

(Sept. - Oct. 2021)

1034



Vidyabharati International Interdisciplinary Research Journal (Special Issue)

ISSN 2319-4979

However, discharge velocity takes the entire
surface area into consideration. In reality, the
water flows through only the interconnected
pores known as seepage velocity which
depends on the porosity of the permeable
concrete sample.

Where,

V — Discharge velocity.

n — Porosity of test block.

V; — Seepage velocity through the pores.

Results and Discussion

Test Results
Compressive Strength Test
It was experimentally shown that the

compressive strength of no-fines concrete
increased with an increase in the crumb content
of both rubber and steel in different
proportions. The results of the compression
strength test taking reference to a research
study (P.S. Patil et al., 2017) are given below.

Table 3: Compressive Strength of No Fines Concrete
Rubber Steel Fibres
Strength Strength
0, 0, 0, 0,
% Content (MPa) % Increase | % Content (MPa) % Increase
1 0% 12.00 0%| 12.00
2 3% 14.50 20.83% 3% 16.50 37.50%
3 5% 17.00 41.67% 5%| 18.50 54.17%
4 7% 16.50 37.50% 7% 19.00 58.33%

20.00

Compressive Strength of No Fines
Concrete

15.00 -
10.00 -
5.00 -
0.00 -

1 2

Compressive Strength
(N/mm2)

Variations of Waste Materials

B Rubber Crumbs

B Steel Fibres
4

Figure 8: Compressive Strength of the test samples

It is prescribed that the compressive strength of
the pavement be 20 — 40 MPa for use as
pavement in roads. Since the test results show
lower wvalues, it 1is recommended that
permeable concrete be used in locations with
lower load bearing requirements, such as
parking areas, cycle lanes and walkways.

Flexural Strength Test

It was experimentally shown that the flexural
strength of no-fines concrete increased with an
increase in the crumb content of both rubber
and steel in different proportions. The results
of the compression strength test taking
reference to a research study (P.S. Patil et al.,
2017) are given below.
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Table 4: Flexural Strength of No Fines Concrete
Rubber Steel Fibres
Strength Strength

0, 0, 0, 0,

% Content (MPa) % Increase | % Content (MPa) % Increase
1 0% 2.50 0% 2.50
2 3% 3.45 38.00% 3% 3.75 50.00%
3 5% 3.75 50.00% 5% 4.00 60.00%
4 7% 4.45 78.00% 7% 4.85 94.00%

Flexural Strength of No Fines Concrete

__ 6.00

()]

s 5.00

E 4.00

Z 3.00

E 2.00 - B Rubber Crumbs

< d

o 1.00 B Steel Fibres

& 0.00 -

s 1 2 3 4

2

2 Variations of Waste Materials

Figure 9: Flexural Strength of the test samples

For practical usage, a flexural strength of at
least 4.5 MPa is recommended for use in
roadways. Since the no-fines concrete is found

not suitable for wuse

in  heavily loaded

roadways, the flexural strength is not critical.

Porosity Test (n)

With increase in quantity of rubber or steel

crumbs, the % porosity reduces. Determination
of porosity % is a crucial step to determine the
seepage velocity of water through the pores.
The experimental test results are provided in
the table below.

Table 5: Porosity of No Fines Concrete
Rubber Steel Fibres
% Content | % Porosity | % Change | % Content | % Porosity | % Change
| 0% 28.00% 0%]|  28.00%
2 3%]|  25.00% -10.71% 3%]|  26.00% -1.14%
3 S%|  23.00% -17.86% %] 23.00% -17.86%
4 %] 21.00% -25.00% 7% 22.00% -21.43%
Porosity of No Fines Concrete
30.00%
- 25.00% -
£ 20.00% -
S 15.00% -
$ 10.00% - B Rubber Crumbs
5.00% 1 B Steel Fibres
0.00% -
1 2 3 4
Variations of Waste Materials

Figure 10: Graphical representation of the variation of % porosity
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Discharge Velocity (V)
The permeability test was conducted on the test samples and the results obtained are provided in the

table below.
Table 6: Dishcharge Velocity of No Fines Concrete
Rubber Steel Fibres
Permeability | Permeability Permeability | Permeability

0, 0, 0, 0,

% Content (nms) | (mohe % Change | % Content (nms) | (mmhe) % Change
1 0% 074 2,664 0% 074 2,664
2 3% 0.70 2,520 -5.41% 3% 0.74 2,664 0.00%
3 5% 0.64 2304  -13.51% 5% 071 2,556 4.05%
4 %] 0.60 2,160  -18.92% 1% 0.67 2412 -9.46%

Permeability of No Fines Concrete

N B o o
o o o o
\ \ )

o

o

o
4

Permeability (mm/s)

1 2

Variations of Waste Materials

B Rubber Crumbs

B Steel Fibres

Figure 11: Graph showing the variation permeability rates

We notice that the rate of apparent
permeability marginally reduces with increase
in crumb content. This can be attributed to the
fact that the crumb content occupies the voids
and provides resistance to flow of water
through them.

Seepage Velocity Test (V):

The flow velocity v is also called the discharge
velocity or the superficial velocity. It is
different from the actual velocity through the
soil pores, which is known as the seepage

velocity, vy as the water flows through the
pores and not the entire surface area. Seepage
velocity is always greater than the superficial
velocity, and it is expressed as below:

Where,

V — Discharge velocity.

n — Porosity of sample.

V; — Seepage velocity through the pores.

Table 7: Seepage Velocity of No Fines Concrete

Rubber Steel Fibres
% Content S(zgjf)e (Slflfg;gr: % Change | % Content S(:E;f; (S;:/Zg; % Change

0%| 267 9,012

0% 267 9,012

3| 281 10,116 5.4%

3% 280 10,080 4.8Th

%[ 3.05 10980 1423%

|
2
] Sl 275 9,900 3.00%
4 T 280 10,080 4.87%

Th| 307 1L,052]  14.98%
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Seepage Velocity of No Fines Concrete
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3.00
250 7
200 +
1.50 ~
1.00 -

1 2

Seepage Velocity (mm/s)

Variations of Waste Materials

1 Rubber Crumbs

B Steel Fibres

Figure 12: Graph showing the variation seepage velocity.

According to a research study (S. Priya, 2017)
conducted in the urban areas of Bengaluru, the
maximum rainfall intensity was in the range of
225 — 250 mm/hr. We have attained a seepage
velocity of approximately 10,000 mm/hr which
indicates that the pores have enough capacity
to drain out all the water instantly.

Findings
e It was found that the maximum
compressive  strength  for permeable

concrete with rubber crumb was attained
with 5% rubber crumb content at 17 MPa.
For permeable concrete with steel crumbs,
a maximum value of 19 MPa was attained
at 7% content.

e While testing for the flexural strength, for
both rubber crumb as well as crumb steel
permeable concrete, maximum strength
was attained with 7% content with a value
of 4.45 MPa and 4.85 MPa, respectively.

e Due to the addition of rubber and steel
crumbs, the percentage porosity reduced
with increase in crumb content.

e The  discharge velocity  decreased
marginally with increase in crumb content.

e Due to the porosity effect, there was a
significant increase in the seepage velocity
as compared to conventional no-fines
concrete. However there was a significant
difference in the seepage velocities
between rubber crumb and steel crumb
samples. We learnt that this effect is due to
the increased affinity of rubber crumb to
water when compared to steel crumbs.

Recommendations

e A 5% - 7% by weight of coarse aggregates
gives the most preferred results in terms of
structural strength and seepage velocity for
quick drainage of water away from the
surface.

e A 4:1 coarse aggregate to cement content
ratio is ideal to obtain ideal results.

e With a w/c ratio of 0.35, the most workable
mix of permeable concrete is obtained.

e As the strength parameters are low and
unsuitable for use in roads with high traffic
volumes and speeds, use of permeable
concrete in parking areas, walking paths
and other locations needing a rigid surface
finish is advisable.

Conclusion

The test results are promising with regard to
the use of no-fines concrete in real life
application like parking lots, walkways and
basements among others. However, in order to
guarantee its proper performance, it is
important to design it with good seepage rate
while not compromising on the structural
strength.

It is known that permeable concrete provides
good skid resistance, reduces the heat island
effect due to air circulation and also absorbs
sound. However, the low compressive and
flexural strength restrict the use to locations
with low loads acting on the surface. The voids
present further make the concrete layer prone
to clogging which increases the maintenance
cost due to the requirement of cleaning on a
regular basis in dusty countries such as India.
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On the brighter side, the use of waste materials
such as rubber crumbs and steel crumbs in this
research work indicates much higher structural
integrity and load carrying capacity in
comparison to the conventional no-fines
concrete. With a lot more of research and
development to improve the specific
drawbacks of no-fines concrete, we will be able
to arrive at a much stronger mix of permeable
concrete, so that it can be used to a much
greater extent.

Future Scope of Study

To develop a standard code of practice for
mix proportioning and usage of no-fines
concrete in practical application.
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GROUNDWATER MONITORING AND FLUCTUATION MAPPING USING RS AND GIS
TECHNIQUES FOR BENGALURU NORTH TALUK, KARNATAKA, INDIA

T.M. Mohan Kumar
Professor, School of Civil Engineering, REVA University, Karnataka, India

ABSTRACT

This paper presents the study the overexploitation of Groundwater leads to problem in water supply and ill effects to
human health. Hence global awareness should be given to the community regarding recharge and recycle of water.
The modern methods of groundwater monitoring and mapping helps for the recharge and Groundwater table
management. The water quality and quantity analysis should be done for the management of sustainability of
groundwater. In this study we analyzed water levels for past 19 years and mapped for every 5 years and analyzed the
Groundwater changes and precautionary measures can be taken, Groundwater Level fluctuation changing in the study
area during 2001, 2006, 2011, 2016 , from these maps we identified very good groundwater potential zones and poor
groundwater zones, so we suggesting recharge structures for low groundwater potential zones like check dams, nala
bunds, percolation ponds for cultivated land and roof top harvesting for urban areas.

Keywords: GIS, Mapping, Groundwater table.

zone additionally confronting a similar issue of
lack of water. It is need of the day to think
about water level in bore well, this will be
valuable to know the accessibility of water as
per that we are arranging water the meet to beat
the shortage of water.[4]

Introduction

India is the biggest groundwater consumer in
the world. Groundwater plays a major role in
the India's economy, condition and way of life.
The Government has no immediate command
over the Groundwater utilization of a large

number of private bore well proprietors both in
provincial and urban zones. [1,2,3]

Thus awareness should be given to the public
people and hence in this study "observing and
GIS mapping of Groundwater level" for that
we are choosing Bengaluru North taluk, this
zone continually experiencing water shortage,
drinking water issue in each midyear season.
And further more antagonistically
consequences for yield of harvest, mechanical

Study Area:

The area chosen geographically lies between
770 18’ 30" E and 770 46’ 0’ E longitude and
120 56’ 30°” N and 130 13’ 0” N with an area
of 795.49 sq.km which is covered in Survey of
India (SOI) Topo sheet number: 57 G / 12 on
1:50000 scale.

SRS it gy e
K

0153

Source: SOI Koramangala, Bangalore

TOPOMAP OF STUDY AREA .
e AR

6

"‘\\ -y
N

12 53
Kilometers

Figure 1: Topomap of Bengaluru North Taluk.

The maximum length and width of the
command is approximately equal to 85.58 km
and 114.29 km respectively. The following
maps are prepared using GIS Software, Fig.1

shows the location map of the Bengaluru
North, Fig.2 shows the Digital Elevation model
of Bengaluru North Taluk
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Figure 2: DEM o Bengalﬁru North watershed.

A. Land use/land cover map:

Land use refers to man’s activities and various
uses which are carried on land. Land cover
refers to natural vegetation such as Water

bodies, rock / soil, artificial cover and other

77300 E

resulted due to land transformation. Fig.3 Land
use/Land cover map of Bengaluru North
watershed.
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Figure 3: Land use/Land cover map of Bengaluru North watershed.

B. Drainage density map:

Behavior of drainage is essentially controlled
lithology and

by physiography,

drainage density lesser on influence of ground

rainfall.

Groundwater level behavior is analyzed based
on influence of drainage density. Higher the

TTIS0E

77°300°E

77°450'E

water and vice-versa. Fig.4 showing Drainage
density map of Bengaluru North watershed
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Figure 4: Drainage density map of Bengaluru North watershed.
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C. Rainfall:
The principal source of all surface and
groundwater in the study area is precipitation.
30 years annual rainfall data from 4 stations
(Hebbala, Yelahanaka, Chikkajala, Yelahanaka
(KSNDMC) situated within the watershed were

TMS0E

m300E

collected and Isohyetal map has been
prepared.Fig.5 shows the rainfall map of the
study area.
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Figure 5: The rainfall map of the study area.

Methodology

The selected bore wells in all parts of the study
area and covered each municipal ward. The
positioning of wells interns of latitude and
longitude are measured with the help of hand
held GPS .the water levels are measured season
wise they are monsoon and pre monsoon and
post monsoon.

Depth to groundwater level was estimated in
meter with the packaging of the well as
reference indicates and afterward reasoned

definite ground level. Google earth is utilized
to enlist ground level profile of the
examination region and ground level above
mean sea level of the inspecting bore wells.
The groundwater level in MSL was acquired
by deducting groundwater profundity from the
beginning in MSL. Table.1 to Table. 12 shows
the Bore well and Dug well location and depth
of water levels in the study area.

Table 1: Bore well and Dug well location and depth of water levels for the year 2016.

gl Post Post Pre

No Latitude | Lomgitude | Site-Name Site-Type | Vear | Momsoon | momses, | Monsoon | Monso
) nkharf | Babi on

1| 13.041687 | 77.573 Hebbal-1 Bore Well | 2016 | 39.43 383

2 | 13.0875 | 77.600444 | Bachenshalli Bore Well | 2016 | 1.16 23 407 8.26

3 [ 13.095278 | 77.603833 | Jaldor Pz Bore Well | 2016 | 1.84 277 |13 21

4 [ 13.059722 | 77.576044 | Eodizshalli DugWell | 2016 | 3.63 433 |33 41

Indian Institute of

5 | 130075 | 77569444 | Science Bore Well | 2016 | 27.86 3467 | 48 2

6 | 13.004167 | 775725 | Malleswmram DugWell | 2016 | 345 545 [315 287

T 12892778 | 77.596111 | Vasanthnagars Dug Well | 2016 | 0.65 11 .37

B | 12981944 | 77620167 | Ulsnar Dug Well | 2016 | 287 221 | 27

G | 12081944 | 77.333536 | Bajajinazars DugWell | 2016 |18 225 |18 21

10 | 12.943889 | 77596544 | Wilson Garden Dug Well | 2016 | 1.62 275 | LIS 379
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11| 12048611 | 77571044 | Basavamasudi DugWell | 2016 1333 133 |56 373
2 | 12938611 | 77392222 | Ninghans BoreWell 2016 | 1303 |93 |743
13 (12970833 | 776373 | Indiramagar Bore Well | 2016 oM
14 | 12931667 | 77.383536 | Lalhash garden Bore Well | 2016 | 338
15 | 13075 TT475 | Dasanapnra, Bore Well | 2016 |4 304
16 | 13.141667 | 77438333 | Hesaraghatta-1 Bore Well | 2016 | 2968 | 2647
7| 12944187 | 77538333 | Bengaluru-4 DugWell | 2016 |2 33 24
18 [ 13108333 | 774 Velshanks Bore Well | 2016 | 2078 | 2328
19 | 13.041667 | 77.383333 | Hebbal-2 DugWell | 2016 | 035 4 245
20 | 12074167 | 77393880 | Cubbon, Park Bore Well | 2016 3.06

Table 2: Bore well and Dug well location and depth of water levels for the year 2015.

1 12.951667 | 77.585556 | Lalbagh garden Bore Well 2015 | 403 492 33
2 | 13.095278 | 77.605833 | Jakkur Pz BoreWell | 2015 | 1.53 803|213 132
3 12.992778 | 77.596111 | Vasanthnagara Dug Well 2015 | 0.03 0.03 0.48
4 13.041667 | 77.575 Hebbal-1 Bore Well 2015 | 27.97 2263 26.1
3 13.041667 | 77.583333 | Hebbal-2 Dug Well 2015 | 238 23 238
6 13.108333 | 77.6 Yelahanka Bore Well 2015 | 24.62 26.54 252
7 12.944167 | 77.558333 | Bengaluru-4 Dug Well 2015 | 255 19 2.04 247
8 13.004167 | 77.5725 Malleswaram, Dug Well 2015 | 246 433 311 3.1
) 13.141667 | 77.458333 | Hesaraghatta-1 Bore Well 2015 | 25.75 2575 25.88
10 13.075 774375 Dasanapira Bore Well 2015 | 31.38 29.88 30.37
Indian Institute Of
11 13.0275 77.569444 | Science Bore Well 2015 | 27.62 26.23 2498 30.59
12 12.981944 | 77.629167 | Ulsoor Dug Well 2015 |28 2.55 2.65 25
13 12.981944 | 77.555556 | Rajajinagara, Dug Well 2015 1.84 1.84 177
14 12.96 77.576944 | Viavanaosar Dug Well 2015 2925 2925
15 12.974167 | 77.593889 | Cubhon Park Bore Well 2015 20.84
16 12948889 | 77.596944 | Wilson Garden Dug Well 2015 | 0.88 12 49 0.8
17 13.059722 | 77.576944 | Kodigehalli Dug Well 2015 | 3.83 483 445 3.46
18 12.948611 | 77.571944 | Basavanagudi Dug Well 2015 | 473 3.68 432 3.62
19 12938611 | 77.592222 | Nimhans Bore Well 2015 | 6.92 835
20 13.0975 77.609444 | Rachenahalli Bore Well 2015 | 1013 49.95 10.92
21 12.970833 | 77.6375 Indiranagar Bore Well 2015 | 7.7 7.59 7.7
22 13.091667 | 77.6 Yelahankal Dug Well 2015 |26 19 10.4 24

Table 3: Bore well and Dug well location and depth of water levels for the year 2014 and

2013.
1 13,0873 T7 608444 | Rachenabalh Banre el 204 i dos |
2 L10833 | TR.4375 Edzape Bawre Wedl 2004 | 554 687 a92 198
K 13005721 | TT5T65ed | Eoopelalh 0 | Do Well | 2004 -
4 13.008353 | 174 Nelahasics, Bz Wedl 204 | 3139 154 e 3085
] 1304007 | TT 486333 | Efesarachans-] Buoare Wl 2004 | 297 . 0 2945
1] 11 Sa8EEP | T7 59054 | Wihews Gudm Dz Weell 2004 138
7 13095178 | T7.605833 | Jakdoor B Beare: Wedl 2014 .19
] 1289078 | TRaeGNN1 | Nanotsasam Dreg Wigll 2014 g
§ 12588610 | TR5T1%44 | Basnaeareh Dreg Wedl 2014 547
1o 1307 74375 Dasacugo e el 2004 | 3118 M2E 1
11 LI DH16T | TR.5T23 T i te] Dz Weell 2004 427
Iadon [eome OF
ik | 13650 TR | Soence e el M4 3301
13 | 15040647 | T7 583335 | Efebbal-2 Dr Well M4 | 533 i el 487
14 | 13550647 | T7 583558 | Balkagh swsdes e el M4 | 459 3 143 458
15 |1 09R6ET | T76 Yelzhalal Drog Wil il 3 55 4 &5 ]
14 | 125841467 | 77558533 | Bergalern-d Creg Well M4 |2 175 b | 148
1T 0§ 13.04068T | TRATS Hiebsbal -1 Bnre Well M4 | 3832 M3 | 43 352
LE LISEEH | T 585554 | Basagss Dhesz Weell 2004 pd 1
19 13 04E68T | 7575 Efebibal-1 Buwre Wl 2003 | 3537 e | L]
20 113 04i6ET | T7 583333 | Bebbal 2 Dreg Wl 2003 | LI7 013 A 87 £352
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21 13.108333 | 77.6 Yelahanka Bore Well 2013 | 3033 305 317
22 12.944167 | 77.558333 | Bengaluru-4 Dug Well 2013 |28 2.76 34 6.6
23 13.141667 | 77.458333 | Hesaraghatta-1 Bore Well 2013 | 3498 32.09 3325 359
24 | 13141667 | 77.633333 | Hunsemasanahalli | Dugwell | 2013 12
25 13.075 174375 Dasanapura Bore Well 2013 313 3148
26 12.951667 | 77.585556 | Lalbagh garden Bore Well 2013 |31 33 35
27 12.570833 | 77.6375 Indiranagar Bore Well 2013 | 7.82 845 8.72
28 13.166667 | 77.566667 | Sonnenahally Dug Well 2013 12.02
29 | 13.081944 | 77.505556 | Chikkabanavara Dug Well 2013 1.8
30 13.091667 | 77.6 Yelahankal Dug Well 2013 | 104 4.32 10.4 10.4
31 12.9725 77576667 | Bengaluru-3 Dug Well 2013 | 1045 1.95
32 | 12948611 | 77571944 | Basavanagudi DugWell | 2013 243 173
33 12.948889 | 77.596944 | Wilson Garden Dug Well 2013 18 221
Vijayanagar,
34 12.96 77576944 | Hosahalli Dug Well 2013 18.85 29.25
35 | 12981944 | 77555556 | Raisiinagama DugWell | 2013 26 238
36 12981944 | 77.629167 | Ulsoor, Dug Well 2013 327 3.35
37 | 12992778 | 77596111 | Vesanthngeara | Dug Well | 2013 1.01
38 13.004167 | 77.5725 Malleswaram Dug Well 2013 3.75 3.85
39 13.059722 | 77.576944 | Kodigehalli Dug Well 2013 3.98 443

Table 4: Bore well and Dug well location and depth of water levels for the year 2012 and

2011.

1 12,9715 77.576667 | Bengaluru-3 Dug Well 2012 237 235 1.48

2 12.944167 | 77.558333 | Bengaluru-4 Dug Well 2012 209 335 123

3 12.943889 | 77.596944 | Wilson Garden Dug Well 2012 2.64

4 12.96 17.576944 | Vijayanagar Dug Well 2012 1.6

3 12981944 | 77.553556 | Rajajinagara. Dug Well 2012 235

6 | 12992778 | 77596111 | Vasanthnagara, | Dug Well | 2012 11

1 13.004167 | 77.5725 Malleswaram, Dug Well 2012 49

3 13.059722 | 77.576944 | Kndigehalli Dug Well 2012 425

9 13.141667 | 77.458333 | Hesaraghatta-1 Bore Well 2012 3237 | 27.09 29.14

10 | 13.073 174373 Dasanapyra Bore Well 2012 40.6 29.69 28.55

11 12951667 | 77.583536 | Lalbagh garden Bore Well 2012 347 33 3.09

12| 12.970833 | 77.6373 Indiranagar, Bore Well 2012 3.8 6.76 b

13 13.091667 | 77.6 Yelahankal Dug Well 2012 1.74 31 432

14 | 13.041667 | 77.573 Hebbal-1 Bore Well 2012 23.18 15.39 21.3

15 13.041667 | 77.583333 | Hebbal-2 Dug Well 2012 1.26 312 4.18

16 | 13.108333 | 776 Telahanka Bore Well 2012 30.07 | 29.02 28.33

17 | 12948611 | 77571944 | Basayanasudi Dug Well | 2012 262

18 12,9715 77.576667 | Bengaluru-3 Dug Well 2011 | 1.82 215 235 21

19 | 13.141667 | 77.458333 | Hesaraghatta-1 Bore Well 2011 | 25.93 2375 25.33

20 |13075 [ 774375 | Dasenapuna Bore Well | 2011 [2003  [2878 |28.44

21 12951667 | 77.583556 | Lalbagh garden Bore Well 2011 | 2.14 242 2.6

22 | 12.944167 | 77.558333 | Bengaluru-4 Dug Well 2011 | 1.82 245 27 235

23 13.091667 | 77.6 Yelahankal Dug Well 2011 | 2.82 3.38 3.85 436

24 | 13.041667 | 77.573 Hebbal-1 Bore Well 2011 | 19.83 14.38 12.91 20.91

23 13.041667 | 77.583333 | Hebbal-2 Dug Well 2011 ['0 1.93 4.87 3.87

26 | 13.108333 | 77.6 Yelabanka Bore Well 2011 | 28.83 2059 |25 28.57
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Table 5: Bore well and Dug well location and depth of water levels for the year 2008 and

2007.
1 129725 77.576667 | Bengaluru-3 Dug Well | 2008 | 2.09 2.4 31 145
2 13.141667 | 77.633333 | Hunsemarapaballi | Dug Well | 2008 1.17 15 8.36
3 13.073 774373 Dasanapira Bore Well | 2008 | 31.8 237 3045 31.25
4 12.951667 | 77.583556 | Lalbhagh parden Bore Well | 2008 | 1.65 219 0.98 2.85
5 12.970833 | 77.6373 Indiranagar Bore Well | 2008 | 8.8 71 842 0.6
6 13.141667 | 77.458333 | Hesaraghatta-1 Bore Well | 2008 | 23.8 17 1276 247
7 13.091667 | 77.6 Yelahankal Dug Well | 2008 | 121 2.33 3.02 9.65
g 13.041667 | 77.573 Hebbal-1 Bore Well | 2008 | 5.8 1163 | 16.14 22.04
9 13.041667 | 77.583333 | Hebbal-2 Dug Well | 2008 0.54 41 647
10 | 15.1875 71.3 Doddakallasandra | Dug Well | 2008 1259
11 | 12944167 | 77.558333 | Bengaluru-4 Dug Well | 2008 | 245 211 136 1.22
12 | 13.166667 | 77.566667 | Sonnenahalli Dug Well | 2008 12.02
13 12975 77.576667 | Bengaluru-3 Dug Well | 2007 | 245 287 266
14 | 13.141867 | 77.633333 | Hunsemarapahalli | Dug Well | 2007 0.85
15 [ 13073 774373 Dasanapnma Bore Well | 2007 2877 |42
16 | 12951867 | 77.583336 | Lalhagh garden Bore Well | 2007 |2 143 225
17 | 12970833 | 77.6373 Indiranagar, Bore Well | 2007 | 94 8.08 0.76
18 | 13141867 | 77.458333 | Hesaraghaita-1 Bore Well | 2007 | 25.2 2294 [ 22.06
19 | 13.091667 | 77.6 Yelahankal Dug Well | 2007 | 104 2.65 5.06 0.9
20 | 13.041667 | 77.573 Hebbal-1 Bore Well | 2007 | 20.7 1589 | 16.7
21 | 13.041667 | 77.583333 | Hebbal-2 Dug Well | 2007 | 2.57 047 3.62 6.97
22 | 13.108333 | 776 Yelahanka Bore Well | 2007 | 31.2 3162 [325.06
23 | 12944167 | 77.558333 | Bengaluru-4 Dug Well | 2007 | 2.15 215 1.88
24 | 13.166667 | 77.566667 | Sonnenahalli Dug Well | 2007 | 12.02

Table 6: Bore well and Dug well location and depth of water levels for the year 2006 and

2005.

1 12.9725 77.576667 | Bengaluru-3 Dug Well 2006 | 2.41 2.7 2.65
2 13.075 774375 Dasanapura Bore Well 2006 | 2931 32.58 23.2 28.36
3 | 12951667 | 77.585556 | Lalbagh garden Bore Well | 2006 | 2.02 207|175 1.95
4 12.970833 | 77.6375 Indiranagar Bore Well 2006 | 8.61 9.16 6.21 11.2
3 13.166667 | 77.566667 | Sonnenahalli Dug Well 2006 | 12.02 1202|999
6 13.141667 | 77.458333 | Hesaraghatta-1 Bore Well 2006 | 28.37 21.75 21.78 21.8
7 13.041667 | 77.575 Hebbal-1 Bore Well 2006 | 13.71 1421 1.67 9.45
8 13.041667 | 77.583333 | Hebbal-2 Dug Well 2006 | 2.63 3.36 1.13
9 13.108333 | 776 Yelahanka Bore Well 2006 | 2435 25 23.09 23.85
10 12.944167 | 77.558333 | Bengaluru-4 Dug Well 2006 | 2.8% 267 202 2.85
11 13.091667 | 77.6 Yelahankal Dug Well 2006 | 7.53
12 12,9725 77.576667 | Bengaluru-3 Dug Well 2005 |24 24 2.81 2.56
13 13.075 774375 Dasanapura Bore Well 2005 | 32.04 234 26.25
14 | 12951667 | 77.585556 | Lalbaghearden | BoreWell | 2005 | 1.08 164|218
15 12970833 | 77.6375 Indiranagar Bore Well 2005 | 9.62 545 8.87
16 13.141667 | 77.458333 | Hesaraghatta-1 Bore Well 2005 | 2575 233 2342 2402
17 13.041667 | 77.575 Hebbal-1 Bore Well 2005 | 1595 9.45 149 6.5
18 13.041667 | 77.583333 | Hebbal-2 Dug Well 2005 16.92 0.57 175 6.5
19 13.108333 | 776 Yelahanka Bore Well 2005 | 27.99 234 26.43
20 12.944167 | 77.558333 | Bengaluru-4 Dug Well 2005 | 2.06 1.7 2.66 2.74
21 13.166667 | 77.566667 | Sonnenahalli Dug Well 2005 | 12.02 12.02
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Table 7: Bore well and Dug well location and depth of water levels for the year 2004 and

2003.

1| 12975 | 77576667 | Bengaluru-3 DugWell | 2004 | 167  [239 |23 3.06
2 13015 | 71875 | Desaam Bore Well | 2004 2644 3276|358
3 | 12951667 | 77.585556 | Lalbaghearden | Bore Well | 2004 | 1.83 167 |234 | 187

12.970833 | 77.6375 | Indiranagar BoreWell 2004 |823 |78  [1047 |98
5 | 13.041667 | 77.575 | Hebbal-1 BoeWell [2004 |1525 |10 2187 |156
§ | 131875 | 715 Doddzkallasandra | Dug Well | 2004 202
7| 13.108333 | 776 Yelahanka Bore Well | 2004 | 2796 | 265 2827 | 281
3 | 12944167 | 77.558333 | Bengaluru-4 DugWell |[2004 |215 205 |23 21
9 | 13.141667 | 77.458333 | Hesaraghatta1 | Bore Well | 2004 2338|2268 | 243
10 | 13.166667 | 77.566667 | Sonnenahalli DugWell | 2003 | 11.08 119
11| 13.091667 | 776 Yelahankal Dug Well | 2003 8.2
12 |12975 | 77576667 | Bengaluru-3 DugWell | 2003 |13 146 |24 21
13| 13.108333 | 776 Yelaharks Bore Well | 2003 24.29
14 | 12951667 | 77585556 | Lalbashgarden | Bore Well | 2003 28
15 | 12.944167 | 77558333 | Bengaluru-4 DugWell | 2003 | 2.01 165|264 |275
16 13075 | 774375 | Dasanagua Bore Well | 2003 2691
17 | 13.041667 | 77575 | Hebbal-1 Bore Well | 2003 | 335 L14 1469 |8.16
18 | 13.141667 | 77458333 | Hesaraghatta-] | Bore Well | 2003 13.68
19 | 130875 | 775 Doddekallasandra | Dug Well | 2003 18.95

Table 8: Bore well and Dug well location and depth of water levels for the year 2002 and

2001.
1 12.951667 | 77.585556 | Lalbagh sarden Bore Well 2002 234 2.67
2 | 13075 774375 | Dasanapura BoreWell | 2002 |2221 | 23.54 29
3 12.8725 77.576667 | Bengaluru-3 Dug Well 2002 225 34 3.5
4 13.141667 | 77.458333 | Hesaraghatta-1 Bore Well 2002 | 17.85 18.27 746
5 12.944167 | 77.558333 | Bengaluru-4 Dug Well 2002 [ 235 22 235
6 13.125 77.477778 | Hesaraghatta-2 Tube Well 2002 0.96
7 13.108333 | 77.6 Yelahanka Bore Well 2002 | 21.4 24.5 2253
8 | 131875 | 715 Doddakallasandra | Dug Well {2002 | 1742 | 1855 | 1313 | 1645
9 13.041667 | 77.575 Hebbal-1 Bore Well 2002 | 876 10.4 248 13.48
10 13.091667 | 77.6 Yelahankal Dug Well 2002 |55 5 492
11 13.081944 | 77.505556 | Chikkabanavara Dug Well 2002 | 7.95 4.68
12 13.166667 | 77.566667 | Sonnenahalli Dug Well 2002 726 8.66
13 13.041667 | 77.575 Hebbal-1 Bore Well 2001 | 8.7 6.33 9.53 1441
14 | 13.125 77477778 | Hesaraghatta-2 Tube Well 2001 |20.59 14.79
15 13.091667 | 77.6 Yelahankal Dug Well 2001 | 5.11 2.67 2.81 4.45
16 12.870833 | 77.6375 Indiranagar Bore Well 2001 5.7 5.96 2.25
17 12.8725 77.576667 | Bengaluru-3 Dug Well 2001 [3.12 2.64 3.07 2.87
18 13.108333 | 77.6 Yelahanka Bore Well 2001 2099 | 21.54 23.11
19 13.075 174375 Dasanapyra Bore Well 2001 14.5 16.59
20 13.141667 | 77.458333 | Hesaraghatta-1 Bore Well 2001 [ 176 16.39 15.29 15.58
21 13.1875 175 Doddakallasandra | Dug Well 2001 | 1635 14.07 12.77 15.88
22 12.951667 | 77.585556 | Lalbagh sarden Bore Well 2001 [21 142 241
23 13.166667 | 77.566667 | Sonnenghally Dug Well 2001 | 54 6.9 6.88
24 | 12944167 | 77.558333 | Bengaluru-4 Dug Well 2001 | 2.34 1.09 236 248
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Table 9: Bore well and Dug well location and depth of water levels for the year 2000 and

1999.
1 13.091667 | 77.6 Yelahankal Dug Well | 2000 | 2.38 208|275 4.18
2 13108333 | 716 Yelahanka Bore Well | 2000 21.67
3 13.166667 | 77.566667 | Sonnenahalll Dug Well | 2000 | 9.15 564 | 9.88
4 | 12.944167 | 77.558333 | Bengaluru-4 Dug Well | 2000 | 2.15 197 | 243 25
5 13.041667 | 77.575 Hebbal-1 Bore Well | 2000 | 9.26 838 | 238 3.91
6 | 131875 | 715 Deddakallasandra | Dug Well | 2000 | 15.55 1335 | 12.96
7 | 129725 | 77.576667 | Bengaluru-3 Dug Well | 2000 | 2.57 203|278
8 |13.075 774375 | Dasanapura Bore Well | 2000 169
9 | 13.141667 | 77.458333 | Hesaraghatta-1 Bore Well | 2000 | 17.66 16.61 17.85
10| 13.081944 | 77505556 | Chikkabanavara | Dug Well | 2000 2.99
11| 13.091667 | 77.6 Yelahankal Dug Well | 1999 | 4.08 205|382 3.45
12 | 12.944167 | 77.558333 | Bengaluru-4 Dug Well | 1999 | 291 222 2.24
13 | 13.081944 | 77.505556 | Chikkahanavara Dug Well | 1999 |67 425 6.15
14 | 129725 | 77.576667 | Bengaluru-3 Dug Well | 1999 | 3.27 283 |32 2.15
15 | 13.108333 | 776 Yelahanka BoreWell | 1999 | 246
16 |13.1875 | 715 Doddakallasandra | Dug Well | 1999 132 | 1452 144
17 | 13.041667 | 77.575 Hebbal-1 Bore Well | 1999 | 2.18 111 | 488 1.44
18| 13.166667 | 77.566667 | Sonnenahalli Dug Well | 1999 | 10.22 991 | 8.76 9.45

Table 10: Bore well and Dug well location and depth of water levels for the year 1998 and

1997.
1 12.944167 | 77.558333 | Bengaluru-4 Dug Well 1998 | 1.94 2.08 236 2.59
2 13.125 77.477778 | Hesaraghatta-2 Tube Well | 1998 23.65
3 13.1875 71.5 Doddakallasandra | Dug Well 1998 | 17.65 139 16.81 17.9
4 12.9725 77.576667 | Bengaluru-3 Dug Well 1998 | 23 2.5 3.02 2.84
5 13.166667 | 77.566667 | Sennenahalli Dug Well 1998 | 9.78 7.22 10.8
6 13.136111 | 77.619444 | Putanahalli Dug Well 1998 5.2
7 13.091667 | 77.6 Yelahankal Dug Well 1998 | 2.54 172 3.51 445
8 13.081944 | 77.505556 | Chikkabanavara Dug Well 1998 3.07 2.44
9 13.041667 | 77.575 Hebbal-1 Bore Well 1998 0.92 2.36 3.99
10 | 13.166667 | 77.566667 | Sennenzhalli Dug Well 1997 | 11.68 1062 |9 11
11 | 13.136111 | 77.619444 | Puttanahalli Dug Well 1997 1.4 7.16 8.26
12 | 12.944167 | 77.558333 | Bengaluru-4 Dug Well 1997 |32 2.1 3.5 3.75
13| 13125 77.477778 | Hesaraghatta-2 Tube Well | 1997 | 251 2335 | 183 233
14 | 13.1875 715 Doddakallasandra | Dug Well 1997 | 18.36 1631 | 1646 17.68
15 | 13.041667 | 77.575 Hebbal-1 Bore Well 1997 | 7.02 1.26 7.03 8.36
16 | 12.9725 77.576667 | Bengaluru-3 Dug Well 1997 | 3.96 2.77 45 4.49
17 | 13.091667 | 77.6 Yelahankal Dug Well 1997 | 63 3.3 5.95 5.62
18 | 13.081944 | 77.505556 | Chikkabanavara, Dug Well 1997 8.01

Table 11: Bore well and Dug well location and depth of water levels for the year 1996.

1 13.091667 | 776 Yelaharkal Dug Well 1996 | 5.08 3.57 5.68 6.36

2 13.041667 | 77575 Hebbal-1 Bore Well [ 1996 | 436 3.64 851 §.43

3 13.125 71477778 | Hesaraphatta-2 Tube Well [ 1996 | 221 2252
4 13.1875 | 775 Doddakallasandra | Dug Well 1996 1717 | 2004 2168
5 12.944167 | 77558333 | Bengaluru-4 Dug Well 199 |27 329 3.56 337

6 13.136111 | 77.619444 | Puttanahalls Dug Well 1996 | 6.8 6.28 745

7 129725 | 77576667 | Bengaluru-3 Dug Well 199 | 343 392 426

§ 13.166667 | 77.566667 | Sonnenahalli Dug Well 1996 | 73 8.59 8.5 1043
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Results and Discussion

After careful observation of water levels in the
bore wells are mapped with the help of GIS
software, for this study we have collected the
Groundwater levels for the past 19 years in the
Central Groundwater Board, Bengaluru.

From the observed results the groundwater
zones are good in the year 1996, in the map
green portions are more compared to yellow

T7°300°E
L

and red areas it means groundwater conditions
are good, Groundwater fluctuation map of
1996 is shown in the Fig.6.

Groundwater Level fluctuation changing in the
study area during 2001, 2006, 2011, 2016
during these years how the  groundwater
potential zones are decreasing gradually shown
in the Fig.7, Fig,8, Fig.9 and Fig.10.
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Figure 6: Water Level fluctuation Map for the year 1996.
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Figure 7: Water Level fluctuation Map for the year 2001.
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Figure 8: Water Level fluctuation Map for the year 2006.
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Conclusion

For the Monsoon season mapping is being
done with the help of GIS software. These
observations were analyzed in detail, the
changes which have occurred in water table
level fluctuations are found and using GIS
Mapping is done using QGIS software. In this
study, plotted Digital elevation model
mapping, slope mapping, land use land cover
mapping, Geology of the study area, These
gives the idea regarding terrine undulations and
variations in Groundwater table how it

changing. This analysis is important for
comparative study of well inventory and
planning various irrigation activities in the
study area. In this study we analyzed the water
levels for the year 1996, 2001, 2006, 2011,
2016, from these maps identified very good
groundwater potential zones and poor
groundwater zones, so we suggesting recharge
structures for low groundwater potential zones
like check dams, nala bunds, percolation ponds
for cultivated land and roof top harvesting for
urban areas.
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STUDY ON EFFICIENT USAGE OF WATER IN PERMEABLE PAVEMENT SYSTEM

M. Mishra!, Sahana Y.R.” Sachin S.%, Shivananda K.B.*, Shashank N.° and D. Siddu N.S.°
1234369 chool of Civil Engineering, REVA University, Bangalore

ABSTRACT

This project is mainly enforced how to reduce storm water runoff using sustainable urban drainage system with
permeable Asphalt pavement. This system provides proper drainage flow of water. By this approach we can recharge
the groundwater table. Porous Asphalt pavements are built with 50% to 75% compacted subgrade layer to increase
soil penetration. The following layer contains one or more layer of porous Asphalt compounds with interlocking spaces
that allow a small amount water to flow through the pavement. Then we provide a recycled plastic sheet which has
minute voids that allows little amount of water to pass through it and even water can be drained to drainage system by
providing a slope of 2 to 3%. From this approach results recorded are the strength is 10 to 15% relatively lesser than
traditional Asphalt pavement. Due to porous pavements it can absorb water in large amount and stop storm water
runoff on road pavement. This method can allow water to recharge the ground water table and also allows it to flow
through the drains. This project is mainly done in consideration of Sustainable Development. This approach can
reduce large volumes of runoff and improve water quality of storm water runoff by allowing partially infiltrating
through its structure and rest to drain through drainage system. By this, storm water reaches the ground water table
and also reaches the drains to be used as rain harvesting. This even can be considered as sustainable urban drainage
system.

Keywords: permeable asphalt pavement, sustainable urban drainage, recycled plastic sheet.

Introduction asphalt, advanced asphalt modes are
acceptable.

In addition, porous asphalt mortar does not
require related ingredients and does not require
special polishing equipment. Due to the
structure of the paved road, porous asphalt
offers ways to fill tables with water instead of
forcing rain into storm sewers, strong asphalt
and helps reduce the demand for storm sewer
systems.

It usually consists of a fine, coarse stone coated
with a bituminous-based binder coarse. Asphalt
passing over the combined storage bed will
reduce storm water volume, scale, and
pollution. Reduced fines leave air pockets
stable on asphalt. The enclosed space allows
storm water to flow through the asphalt and

Sustainable Urban Drainage Systems has many
other names such as drainage schemes and
continuous drainage systems. Urban Drainage
Systems challenge traditional wastewater
management practices by improving resource
utilization and the development of new and
productive technologies.

There are many benefits to using Sustainable
Urban Drainage Systems in our community but
there are a few pluses mentioned below.

1. Flood management and better storm
water management (resource
management).

2. Pollution control.

3. Recharging of underground regimes

and rivers.
. . then enters the base layer of the crushed stone
4. Reduced construction and maintenance .
costs beds and the foundation that supports the

asphalt while providing water conservation and
management.

Properly constructed, perforated asphalt is a
more cost-effective and more expensive means
than conventional asphalt. The size of the
asphalt depends on the road load, usually from
7.5 to 18 cm. There were problems in the past
with the first perforated asphalt, as the bond
was moving to empty empty spaces, blocking
the flow of water. This is enhanced by the use
of additional additives and additives.

5. Improved environment.

There are a number of SUDS applications, if
not all, ranging from reed wastewater treatment
systems, sink ponds, simple swales and
filtration canals.

However, the size of the stone bed and the
depth should be designed so that the water
level does not rise to the asphalt. in depth, it
provides a lower base for making asphalt.
While slightly stronger than conventional
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Additional additives and additives are often
used to enhance the characteristics of bold
asphalt. Polymers keep the binder from moving
to empty spaces. The natural benefits from
perforated asphalt allow it to be incorporated
into green municipal infrastructure and low
impact development plans. Open asphalt has
been used for decades. Pollution from road and
car parks due to oil and gas leaks, leaks, tire
wear and atmospheric dust. This type of
pollution comes from a variety of sources and
is widespread throughout urban areas also
known as contagious pollution. Invisible areas
have the potential to bring pollution to
waterways.

Hydrocarbons can endanger soil and
groundwater, if they are not removed
sufficiently during intrusion into the upper
layer. Many pollutants such as fragrant
polycyclic hydrocarbons, metals, phosphorus
and organic compounds are incorporated into
solid solids. The models are designed to
measure the fixed solid load and their strength
during the rainy season, leading to a better
understanding of finding water contaminated
with hydrocarbons. Approved pellets can serve
as efficient hydrocarbon traps and powerful in-
situ bioreactors.

found that PPS wvaccinated specifically for
microorganisms reduces hydrocarbon energy
does not effectively retain the number of
organisms with the aim of increasing
hydrocarbon degradation over many years.
Naturally built communities effectively reduce
oil  efficiency. @ For the  successful
biodegradation of white-scented hydrocarbons,
certain environmental conditions must be met.
Extreme hydrocarbon emissions can be
contained due to absorption processes within
the water is sent to the installation of suits
where they may have the opportunity to drain
the soil or be temporarily stored rather than
delivered directly to a sewer system or open
sewer.

Permeable Pavement Systems are designed to
achieve water quality and quantity benefits by
allowing storm water flow across the roadway
and into the base / ground pool, water passing

to improve storm water quality by reducing
storm  water temperatures, contaminants
concentrated and polluted loads of fixed
durability, heavy metals, high-odor
hydrocarbons and other nutrients.

The rise of inaccessible areas and traditional
plumbing systems, curbs and gutters connected
directly to drainage networks, could lead to
high-speed water flows that could compress
existing infrastructure which has led to the risk
of flooding. The paved area is an easy way to
control and control the flow of water. Bold
bitumen or solid asphalt is a binding material
used by us that is more than just a paved road.
In this paper we propose a better way to reduce
these problems and a way to lay a more open
road.

Bituminous permeable paving can play an
important role in many of the designs of
Sustainable Urban Drainage Systems, which
provide an effective, long-term response to
surface water floods that can be used quickly
and costly. The new, faster bituminous
pavement solution, quickly disperses excessive
water away from the road.

you know. The results have shown that this
system can store hydrocarbons, and therefore
can provide improved water quality output.
However, when there is a specific cleaner in
the stone system, it can cause outflow of water,
which may require a second treatment to
improve water quality.

Kellems pointed out that improved filtration
using biological resources was a different way
to get rainwater treatment for storm water
treatment. Filtering with a specific organic
adsorbent can remove about 95% of the molten
copper and zinc. Compared with asphalt
corridors, concentrations of zinc, copper and
lead were much lower in open structures.
Otherwise, the metals will pass through them,
and after that they can enter the groundwater
wells.

Geotextiles usually separate small impurities
such as cadmium, zinc and copper from the
subsoil, thus preventing groundwater from
being contaminated.

h Objecti
through the paved material through a gap Jectives
between the pavers and providing support to 1. To study ‘the permeable ‘ asphalt
the building as a standard paved system. Stone- pavement with proper planning and
based rock delivery systems have been shown designing.
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2. Develop a permeable asphalt pavement
with effective drain out system.

3. To compare the marshall stability test
and flow wvalues of conventional
bitumen and the bitumen mix with fly
ash as filler.

4. To make use of optimum content of fly
ash and minimize the cost of
construction for a better pavement.

Methods

Methodology includes the overview on
pavement layer which is a surface course &
takes the vehicular wheel loads directly. For
both porous (Open graded) asphalt pavement
and flexible (Dense graded) pavement,
preliminary tests were conducted on the
materials used for the study. After completion
of preliminary tests as per IS standards &
specifications, bituminous mould were casted
by varying the binder content for both dense
(flexible) & open graded (porous) bituminous
layer to conduct Marshall Stability test.

[ ]

(

- H

( J

i

Materials Used

Coarse aggregates of pertaining sieve
sizes as per IS standards.

Fly ash as a filler.

Recycled plastic sheet.

Polyester fiber.

Bitumen grade — 60/70.

Fly ashes as filling
It saves a lot.
The use of Fly Ash is harmful to the
environment as industrial waste is
effectively wused to build quality
building materials.
Fly Ash asphalt is resistant to acid and
sulphate attacks.
The decrease in fly ash asphalt is very
small.
The use of fly ash asphalt provides
good performance, durability and finish

L < >
>

—

Figure 1: Methodology

Recycled plastic sheet.

e Porous recycled plastic sheet are thick
and can be moulded into any shape.
Thermoplastics are used to make
recycled plastic sheets.

e In these sheets there are minute pores
through which water can pass.

Polyester fiber
e Polyester is a class of polymers that
contain the active ester group
throughout the repetition unit of their
larger series. As a matter of fact, it is
often referred to as polyethylene
terephthalate.

Features: Resistant to abrasion, dry
quickly, firm, light weight, firm,
resistant to wrinkles.

Tests conducted for aggregates.

Sieve analysis: Particle size
determinations on large samples of
aggregate are necessary to ensure that
aggregates perform as intended for their
specified use. A sieve analysis or
gradation  test determines the
distribution of aggregate particles by
size within a given sample.

Specific gravity assessment: Certain
gravitational force is defined as the
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ratio of the mass of a mass of equal
water. The specific size of the
compound is made to measure the
strength or quality of an object.

e Water absorption examination: A test
to determine the moisture content of a
compound as a percentage of its dry
weight. The sample is weighed, dried in
an oven, and then weighed under
normal conditions.

e Flakiness index examination: a
percentage by the weight of the
particles in it, its smallest size (eg: size)
less than three-fifths of its size.

¢ Elongation Index examination: is a
percentage by the weight of the
particles in it, its size (eg: length) is

more than one and four-fives the size of
it.

e Impact value assessment: The anti-
impact material is known as durability.
As a result of traffic congestion the
measurements have an impact that has
led to their fragmentation. Combined
therefore they should have sufficient
hardness to withstand their divisions
due to the impact. This factor is
measured by an impact value test. The
amount of combined impact is a
measure of resistance to sudden impact
or shock, which may vary from its
resistance to the applied pressure
applied gradually.

Table 1: Test on Aggregates

SL No. Test Average Result Permissible Value
1. Sieve analysis Fineness modulus = 2.9 2.3t03.1
Bulk specific gravity = 2.5

2. Specific gravity Apparent specific gravity= 2.3 -

3. Water absorption 0.49 <2.0%

4. Flakiness index 15% Max 30%

5. Elongation index 19% Max 30%

6. Impact value 22% <24%

Test conducted for bitumen.
Specific gravity test: Bitumen bond has
specific gravity ranges of 0.97 to 1.02. In
the event that bitumen contains mineral
impurities the specific gravity will be
higher. Thus it is possible for a quantitative
extraction of mineral impurity in bitumen.
Flash and fire point test: Flash point is
defined as the temperature at which
bitumen smoke temporarily ignites a flash
in the form of a flash under specified test
conditions. The fire point is defined as the
lowest temperature under specified test
conditions where low temperatures burn
and burn.

Penetration test: The bitumen penetration

test determines the hardness or softness of
the bitumen by measuring the depth in
millimeters there a standard loaded needle
will go straight for 5 seconds while the
temperature of the bitumen sample is
maintained at 25 °C.

Softening point test: Softening point test
is performed to determine the consistency
of bitumen. This test gives an idea of the
temperature at which bitumen gets a certain
viscosity. The lubricating point is defined
as the temperature at which the bitumen
softens beyond a certain amount of
abnormal softness, i.e. the bitumen softens
and recedes about 25mm below the weight
of the steel ball.

Table 2: Test on Bitumen

SL No. Test Average Result | Permissible values
1. Specific gravity Min. 0.99
2. Flash point 197°C -
3. Fire point 217°C -
4. Penetration test 50-70
5. Softening point 50°C >47 Degrees

(Sept. - Oct. 2021)
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Mix design.
In this study, Marshal mix design has been
used to determine the optimum binder content
as per ASTM standards where the gradation
mid-point is taken as the % passing values for
the analysis. The mixes were prepared for 4
different combinations & checked for OBC
from 2% to 8% by total weight of mixture at an
increment of 2% both for dense graded & open
graded asphalt mixtures.
The mix were compacted by applying 75 blows
on each face for dense & 50 blows for an open
graded asphalt mix using Marshall rammer.
The Marshall Stability test is conducted on
compacted cylindrical specimen of both dense
& open graded friction course mix of diameter
101.6mm and thickness 63.5mm.
Marshal stability has been tested by keeping
1% fly ash as a constant filler material for all
the mixes. Marshal stability test were based on
ASTM standards conducted at 60 degrees & a
loading rate of 50 mm/min for each mix type.
Optimum binder content from the above
studies after adding correction factor to the
specimens is 5.5% for dense graded mix &
5.0% for open graded mixes.

e We start the mould with slab base
course with hard and rocky soil.

e A layer of fly ash is scattered on the sub
base course.

e We placed the recycled plastic sheet by
dividing it into two half with slope
towards the drains.

e A layer of fly ash layed above it.

e With the appropriate mix proportions
course aggregates are layed.

e Fillers are wused to replace fine
aggregates.

e Later, the surface course is layed with
bitumen.

e Then different types of coating is done
for surface course.

Prime coat: The main coat is the use of low
viscosity asphalt on a granular base to prepare
the first layer (or course layer on the surface)
of asphalt.
Binder Course: Binder course layer is the
middle layer between the base course and the
top layer. The first layer in the event of a
double layer of bituminous layer rises. The
Bituminous binder study is made of a

bituminous-aggregate mixture, also called a
measurement course.
Tack coat: Tack coat (also known as bond
coat) is an easy application of asphalt emulsion
between hot layers of asphalt layers designed
to form a strong adhesive bond without slide.
Heavy applications can be applied under layers
with wings or at the edges where they serve as
a coat of arms.
Dressing course: A course to wear a layer on
the street, at the airport, and in the construction
of a booth. The dressing course is usually
placed in a binding strap placed at the base
level, which is usually placed on a small base,
located at the bottom.
e The mould is now finished and a
stability check and stripping value test
is performed

Marshal's strength test:

Marshal’s strength test is a performance-based
measurement performed on a bituminous alloy.
The process consists of determining the
properties of the mixture, the hardness of the
Marshal and the flow analysis and finally the
determination of the good bitumen content.

The power is measured in terms of the
'Marshall's Stability' of the mixture which is
defined as the maximum load carried by the
combined template at an average test
temperature of 60 °C. This is the temperature
which is the weakest point of the small method
used. The volatility is measured in terms of
‘flow rate’ measured by the change in sample
width in which the load application is applied
at the start time of loading and the load time. In
this experiment we can try to experiment with
the full content of the binder content of the
combined type and the strength of the traffic.

Purpose of Marshall Mix Design:
e Density determination - voids analysis
of a given bituminous compound.

e Determining the strength  (Marshall
stability value) and the flexibility (flow
value) of a given bituminous compound.

e Determining the suitability of bituminous
compounds to meet the prescribed process
of divine course.

Preparing a test sample:
e Measure 1200 g of aggregates combined in
the required proportions. We heat the
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aggregates in the oven at a mixing rate.

e Apply bitumen to mixed temperatures to
produce a viscosity of 170 £ centimeters by
various percentages above and below the
expected expected content.

e Mix items in a warm pan with warm
mixing tools.

e Return the mixture to the oven and heat it
to room temperature (to produce a viscosity
of 280 + 30 centistokes).

e Apply the mixture to Marshall's hot mold
with a collar and base. Apply the mixture
around the sides of the mold. Apply filter
paper under the sample and over the
sample.

¢ Place the mold on the base of the Marshall
compaction.

e Press the information with 50 hammers (or
as described), modify the sample, and
combine the other faces with the same
number of blows.

e After compaction, change the mold. With
the collar at the bottom, remove the base
and remove the sample by pressing it out

the extractor.

e Find the weight of the sample in the air and
immersed, measuring the density of the
template, to allow, calculate the voids
structures.

Test process:

e Specimens heated up to 60° £ 1° either
in a water bath for 30-40 minutes or in
the oven for at least two hours.

e Remove the display from the water bath
(or oven) and place it on the lower part
of the broken head. Then place the
upper part of the cracking head on the
template and place the complete
assembly in place of the test machine.

e Place the flow meter above the post and
adjust it to read zero.

e Load at a rate of 50 mm per minute
until the highest reading is achieved.

e Record high load readings on newtons
(N). Immediately find the flow as
recorded in the flow meter in mm units

Infiltration test:

The rate of entry at the speed or speed at which
water enters the soil. It is usually measured by
the depth (mm) of water that can penetrate the
soil in one hour.

Entry rate is a measure of how fast water enters
the soil. Slow water entering can lead to
speculative landscaping or flooding.

A depth of 10 mm / hour means that a layer of
water 10 mm above the ground surface, will
take one hour to enter.

Waterproofing allows floodwaters to pass
through the paved area, sludge and sludge, and
in time, regular protective repairs will be
required to keep soil infiltration levels low.
Internal level assessments are often used to
determine storage and quantity requirements.
Typical ASTM methods can be used to
measure the penetration rate of a leaky area,
however these tests can take hours to complete
and require inframeter access
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Results

Result of marshall stability test
Table 3: Marshall stability test

Speci | % of Fly Ash | Height | Wt.in Air | Wt. in Water | Saturation Wt. Stability Flow
men (%) (mm) (2 (4] (2 (KN) (mm)
1 ) 65.45 1240 724 1235 6.8 6.15
2 65.95 1299 756 1278 8.55 6.3
1 4 67.02 1280 740 1269 8.5 6.23
2 68.30 1310.5 754 1291 8.35 7.1
1 6 68.85 1335 769 1326 7.9 6.4
2 69 1337 765 1330 7.63 6.55
1 3 68.85 1322 760 1319 7.5 8.35
2 69 1270 710 1255 7.51 8.2
Graph obtained:
FLY ASH VS STABILITY
o] E———
E 8000 767}m@| 15.301
= 7500 4
“ 7000
0 2 4 5} 8
FLY ASH

FLY ASH VS FLOW

10 8.275
. 8 6.w
:s 5
Z s
r.:'l £
[0}
(o} 2 4 (5] 8
FLY ASH
FLY ASH VS VMA 18.3482
5
. 18.5
g 18
Z & 175
=Z 17
= 5 15.9874231
E = 165 15.6760824 g
E
=1 16
£ = ass
=) 0 2 4 6 8
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76.16955%0 9002509
— 80 6 6
= . 70.3889293
= 2
= rz 70 64.38123
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-
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FLYASH VS Vv

6.560883

8 5.01457680 5
= 3.73692552 8
= 6 7 4.01282925
g2
E 0
S o 2 4 8
E FLY ASH
Result of infiltration test
Table 5: infilteration testing
Amount of
Sr. Time Water Inserted Water
No. Period in Lit. absorbed in
Lit.
1. 10 Min. 10 Lit. 8.2
2. 20 Min. 10 Lit. 10.4
4. 40 Min. 10 Lit. 14
5. 50 Min. 10 Lit. 14.2
6. 60 Min. 10 Lit. 14.8
7. 70 Min. 10 Lit. 14.9
80 Min. 10 Lit. 14.9
90 Min. 10 Lit. 14.9
10. 100 Min. 10 Lit. 14.9
Final Water Recovery = 75%

Area =l x b= 1.5x1.5 = 2.25 i.e. 2.25
square meter.

Running water calculation - Rational
Formula=c xix A

= Runoft factor x Rain power x location
(c = constant, rainfall intensity in
mm/hr., area in sq. m)
=0.3x32x2.25=21.6

Liter per hour in one day we can collect
the amount of water =24 hours’ x 21.6
=518.4 liters per day

Conclusion

The seepage level of standard bitumen
is about 35% and the corridor with
corridors is 75% and has holes the
asphalt pavement surface costs almost
the same as the normal asphalt we can
carry with the porous pavement in the
required areas.

As porous pavement absorbs water so
by this experiment we can provide good

drainage system so that seepage water
can be used or stored for various
purposes.

The maximum stability test obtained is
8.55 kN, so in case of conventional
method it is 8.9kN. Therefore this
satisfies the condition.

As the value is more than 8 kN in case
of fly ash , therefore it can be used as
filler in BC mix for pavements of roads
From the above experiment, it can be
concluded that fly ash can be used as a
substitute as fillers in road pavement
and satisfies all criteria

Future scope

Open corridors are usually low in
power but by increasing their capacity
and improving buildings they can be
used in the construction of heavy traffic
roads such as city roads, highway
shoulders, etc.
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e Due to permeable nature, it can be used
in flood prone areas where water can be
managed easily.
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TO DETERMINE THE BEHAVIOR OF STEEL STRUCTURE UNDER SEISMIC
CONDITION USING ETABS SOFTWARE

L.S. Singh' and V. Wadki’
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ABSTRACT

In this paper, the structural behaviour of a steel building under different seismic condition is found out using the
software Etabs. Three main models area prepared, low rise (5 floors), moderate rise (10 floors) and high rise building
(15 floors) and for each particular model, five different cases are made. The three models (including all the cases made
for each model) are analysed and studied in different seismic zone factor (zone-3, 4, 3). The results (maximum story
displacement, story drift and story shear) are taken out for each model, then a graph is plotted and the cases made for
the main models are compared, and how each model and each cases behaves under different seismic conditions. For
each result, we get to know how the building behaves in different seismic zone

Keywords: braces, seismic zone factor, max story displacement, max story drift, story shear.

Introduction

Buildings are one of the most highly affected
when it comes to seismic action. Providing a
proper lateral load resisting system in
earthquake-prone areas is a must, to ensure
safety for the people and for other structures
nearby. Steel is one of the materials which is
good at resisting earthquakes because of the
flexibility and low weight. When an earthquake
hits, heavier and stiffer structures experience
more of that earthquake load. The cost of
foundation and superstructure significantly
reduces upon the reduction of design forces.
Comparing to others materials steel structures
are generally light in comparison. As we know
the earthquake force is associated with the
inertia and mass of the structure, so upon
reducing the mass of the structure, it leads to
lower seismic design force.

Bracing system is one of the methods for
resisting earthquake loads, the advantages of
braces are high strength, high stiffness, less
weight, and more economical. Upon providing
bracing on a structure, the stability and
stiffness  significantly ~ improve  under
earthquake loads.

Bracing system is a very common method used
in construction, due to its ease to construct and
being economical. The connection between
beams and column is nominally pinned which

orthogonal bracing systems are provided in

order to resist the lateral load.

e Horizontal bracing: The bracing is provided
on each floor level, thus providing a load
path transferring the load/forces to the
plane of vertical bracing.

e Vertical bracing: The bracing is provided
between two columns and it provides a load
path transferring the load/forces to the
ground thus making it more stable.

Methodology

The building that has to be design is for
commercial automobile showroom. Now days,
the design of steel building have been used for
constructing automobile showroom instead of
reinforced concrete buildings due to the
following reasons:

1. They have high duticle strength and hence
is applicable for sesmic design. because the
strength and toughness of the steel is well
suited for this kind of showroom.

2. It offers improved safety and resistance.

3. Steel building retains their value longer
comparing to RCC.

4. It allows for the improved quality of
construction and has less maintenance
comparing to reinforced concrete building.

5. If any changes are required in the building,
steel building can easily be disassemble in

then provides better stability and better the future unlike the RCC.

resistance to lateral loads coming to the

structure. In a braced multi-story building, two
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Preparing a model for different heights in Etabs
Table 1: Different types of model
Models Name of the model
Braces in all the floors except ground floor
Braces in alternate horizontal direction-1
Braces in alternate horizontal direction-2
Braces in alternate vertical direction
Standard model with no braces

m|g|Q|=| >

Three different heights are prepared
1) Low rise building: Five different cases are made for this particular model.

Table 1: Test on Aggregates

Fig 1: Low rise models

2. Moderate rise building: Five different cases are made for this particular model

Fig 2: Moderate rise model

3. High rise building: Five different cases are made for this particular model.

Fig 3: High rise building
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Analysis of the model
Plan details
Given below are the plan details of the model

Number of bays in X - direction: 4
Distance between each bay in X-
direction —5m

Number of bays in Y-direction: 3
Distance between each bay in Y -
direction — Sm

Number of floors in low rise building —
5 floors

Number of floors in moderate rise
building — 10 floors

Number of floors in high rise building —
15 floors

Height of each floor: 3m

Materials used

The materials and section that has been used in
analyzing the models are given below:

Column: ISHB 450-2
Beam: ISMB 250
Braces: ISLB 300

Modelling steps

Making a new model
Defining material properties
Defining section properties
Drawing beams and columns
Drawing the bracings
Assigning loads

Defining load patterns

Load combinations

Running the analysis
Designing

Analysing all the models in different seismic

Z0ones:
[ ]

Low rise building (5 Story): 5 different
models (Model A, B, C, D, E) are
analysed and designed in different
seismic zone (3, 4, 5) and making sure
the structure is safe.

Moderate rise building (10 story): 5
different models (Model A, B, C, D, E)
are analysed and designed in different
seismic zone (3, 4, 5) and making sure
the structure is safe.

High rise building (15 story): 5
different models (Model A, B, C, D, E)
are analysed and designed in different
seismic zone (3, 4, 5) and making sure
the structure is safe.

Results and discussions

Click on display — story response plot —
select max story displacement - copy
the values to excel files then plot the
graph.

Click on display — story response plot —
select max story drift — copy the values
to excel files then plot the graph.

Click on display — story response plot —
select story shear— copy the values to
excel files then plot the graph

Max Story Displacement

Low rise building

Fig 4: Zone-5

Fig 5: Zone-4
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Fig 6: Zone-3

Model A has the lowest max story displacement and model E has the highest story displacement.
Moderate rise building

Fig 7: Zone-5

Fig 8: Zone-4

Fig 9: Zone-3

Model A has the lowest max story displacement and model E has the highest story displacement.
High rise building

Fig 10: Zone-5
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Fig 11: Zone-4

Fig 12: Zone-3
Model A has the lowest max story displacement and model E has the highest story displacement

Max Story drift
Low rise building

Fig 13: Zone-5

Fig 15: Zone-3

Model A has the lowest max story drift and model E has the highest story drift
Moderate rise building

Fig 16: Zone-5
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Fig 17: Zone-4

Fig 18: Zone-3

Model A has the lowest max story drift and model E has the highest story drift
High rise building

Fig 19: Zone-5

Fig 20: Zone-4
.If‘ — == T
Fig 21: Zone-3
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Model A has the lowest max story drift and model E has the highest story drift
Story Shear
Low rise building

Flg 22 Zone-5

Flg 23 Zone 4

Flg 24 Zone 3

Model E has the lowest story shear and model A has the highest story shear
Moderate rise building

Flg 25 Zone-5

Flg 26 Zone 4
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Fig 27 Zone-3

Model E has the lowest story shear and model A has the highest story shear.

High rise building

Fig 28: Zone-5

Fig 29: Zone-4

Fig 30: Zone-3

Conclusion

The following conclusions are made after the
completion of the work. Different models have
been analysed using Etabs Software under
different seismic conditions and under the
lateral load resisting sysem braces;

1) In zone 5, 4 and 3, model A has the
lowest displacement and story drift in
all the three models (low rise, moderate
rise and high rise)

2) As the seismic zone increases from
zone-3 to zone-5. Max Displacement
also increases

3) As the seismic zone increases from
zone-3 to zone-5. Max story drift t also
increases

4) Zone-3 has the lowest value of story
shear as comparing to other seismic
zones.
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To explore the quality of drinking water in Devanahalli Taluk Karnataka
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ABSTRACT

One of the important source of water is Ground water, 50% of the world's population depends on groundwater of
which 43% is used for irrigation use. Hence the quality of groundwater is important . In this project the selected area
for studies is devanahali taluk which is located in Bengaluru Rural district. Due to the drastic development of
Bengaluru urban city and the location of KIA (Kempegowda International Airport) we need to concentrate on this area
in all the aspects for the future sustainability of Bengaluru city. There are about 212 villages and 2 towns in this taluk
with a population of 2,09,622 lakh. The total area of devanahali taluk is 446sqkm. Identification of bore wells with the
respective latitude and longitude and checking physical-chemical parameters of the water sample and mapping in the
software the given task can be executed by integrating various shape file and validated collected bore well data using

GIS..

Keywords: Bore wells, Ground water, GIS, Physical and chemical parameters, Water quality.

Introduction

One of the most precious renewable resources
on earth is ground water. Lack of water is
could be dangerous of living beings on the
earth.
There are two sources of water they are -

e Surface water

e Ground water
More than 1500 million people depends on this
earth depend on groundwater for drinking and
domestic purposes.In many areas around the
world groundwater may be the only source of
water for rural and urban population.Water

Quality Index (WQI) is a important
parameter  for assessing the quality of
water. WQI is a very useful tool for

communicating the information on overall
quality of water.Ground water is the fresh
water that is stored in the pores of the soil
particle and between rocks . The source of
ground water is Precipitation or melting ice.

Ground water can stay in ground for many
years it may be hundreds or thousands of years.
Through ground water table it can seep and fill
rivers lakes, ponds, wetland, and can be helpful
to mankind for domestic, industrial and
irrigation purpose. Water is collected in pores
in the rock and pores are not connected and
water will not move further. The process by
which by which precipitation recharges the
ground water is called as recharge. Due to
drastic ~ development  of  urbanization,
industrialization and population demand of

water is increasing day by day but the available
quantity is the same with all this large quantity
of fresh water is polluted by sewage water,
industrial waste, and various types of harmful
chemicals produced to environment by human
activities. Thus the quality and the quantity of
water supplied should be of good significant.
In order to achieve this we should the certain
parameters of water supplied these parameters
are basically classified into two types they are
e Physical Parameters
e Chemical Parameters

Physical parameters include 5 parameter they
are taste, color, odor, temperature and
Turbidity these are physical parameters of
water

Chemical parameters include Ph, Total harness,
Total Alkalinity, Chloride, Calcium, Total
Dissolved  Solids, Nitrate, = Magnesium,
Ammonia, Sulphate, etc these are some the
chemical parameters of water. We should
ensure these parameters values should be in
limits of BIS bureau of Indian Standards of
drinking water. If the parameters value exceeds
the limited value then the water should be
treated accordingly and then supplied.. We
have collected water sample from 10 villages
of Devanahalli taluk in month of March and
tested and compared with BIS standards of
drinking water and mapped in ARC-GIS
software. Devanahalli taluk is blanketed by
four classes of soils they are clayey, clayey
mixed, loamy skeletal and rocky land. The soil
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of the surface in this area are medium to
coarse-grained texture, sub-surface soils are
deep and heavily textured (S. Srinivasa Vittala
et al. (2008)) In Devanahalli taluk there is no
perennial rivers there are few streams that rise
in hills and fill number of tanks in taluk. Hence
ground water is main source of water in this
study area.

Literature Review

Assessment of water quality index for the
groundwater in Tumkur taluk, Karnataka state,
India Ramakrishnaiah C.R etal, (2009)
objective of the paper is Analysis of the result
have to been used to suggest model for
predicting water quality and the outcome of
this paper is the quality of groundwater is not
satisfactory according to BIS standards so
treatment is needed to maintain the standards
of ground water quality and make sure that it is
protected from pollutants before supplying it to
consumers

Anitha Pius et.al, (2012) objective of paper was
to study and analyze the selected study area
with help of results of water quality parameters
and comparing with water quality index results
are drawn for the particular sample if there is
any problem we can smartly solve it with help
of GIS tool and techniques. Later the outcome
of water quality parameters are mapped and
studied effectively and steps to taken as per
problem with spatial variation water quality

map created with GIS tool.

Ashwani Kumar Tiwari et.al, (2014)The
objective of the study is to indicate ground
water existing in west bokaro coal field. As it
is coal mineing area analyst dug 33 around the
area and collected sample were tested to match
standards of drinking according to BIS for
drinking water and WQI were generated for
sample test results and it was found that water
is not suitable drinking directly According to
the results 79% of water sample fall under
excellent quality and rest 21% fall under poor
water quality index. Author has concluded the
result that we need treat water before it is
supplied to the public for drinking purpose.
Groundwater quality assessment of Dhanbad
district, Jharkhand, India The objective of the
study is to evaluate the ground water quality
and verify it weather it is safe for public use in
Dhanbad area Areas were selected where there
was coal mining and heavy industries was
present Around 79 wells were identified which
was initially supply water for drinking and
collected sample were tested was summarized
by author in the following way that it exceeds
the permissible total hardness limit of 500
mg/l.The water is also suitable for industrial
purposes and is acceptable for industrial
requirements irrigation, with a low alkalinity
and moderate to high salinity risk.

Methods and Methodology

| Mhviethodologsy |

d L

Tdentifyvimgs thhe Vi ater
Samplimg T.ocations

1l

Latitude amd TLongituade Are Woted At the Place
of Collected Samples

JL

FPhysico— chemical amalysis
of groumndwater samples

JL

Ceneratiom of water
guality imdex (WO

Primarily we did literature review on the topic
later we downloaded the topographical map
from Google earth pro. Later we selected the
villages from where we need to collect the
water sample for studies once it was finalizes
in the month of March we collected 2 liters

sample of sample from each location in
sampling bottle and stated and then transported
to lab for further test and studies related to
physic chemical parameters. Then we
generated Water Quality Index WQI of all the
samples  finally we  prepared spatial

Special Issue on Engineering Technologies and Management

(Sept. - Oct. 2021)

1072



Vidyabharati International Interdisciplinary Research Journal (Special Issue)

ISSN 2319-4979

representation of water quality parameters map
using ARC —GIS software.

Identifying the Water Sampling Locations
We selected study area i.e., the area taken into
consideration for the physico-chemical analysis
of groundwater quality. Selected the study area
is Devanahalli taluk which is located in
Bengaluru Rural district. Due to the drastic
development of Bengaluru urban city and the
location of KIA (Kempegowda International
Airport) we need to concentrate on this area in

all the aspects for the future sustainability of
Bengaluru city.

Then we decided the ten no of locations in
study area via Attebele, Avathi, Bullahali,
Byarapanahalli Gobbarakunte, Gonuru, Kodag
Urki, Kurburakunte, Venkatagiri Kote, Yelur.
Latitude and Longitude Are Noted At the Place
of Collected Samples. Latitude and longitude
position of bore well collected as we collated
the water sample

TABLE- 1 Latitude and longitude details

SL NO LOCATION LATIUDE NORTH | LONGITUDE EAST
1 Attebele 1316’41~ 7742 52
2 Avathi 1317’ 45~ 77 43> 327
3 Bullahali 1318 50” 77 43> 32”7
4 Byrapanahalli 1317217 77 437 20”
5 Gobbarakunte 1316 47~ 7745 427
6 Gonuru 13 20’ 25~ 7745’ 347
7 Kodag Urki 1318’27 7741’ 527
8 Kurburakunte 1327°18” 7772 22”7
9 Venkatagiri Kote 13 19’ 46” 77 44’ 0”
10 Yelur 1319’ 45~ 77 42° 30”
Table-1 shows the latitude and longitude of the 12. Nitrate

details which were recorded in the study area.
Physico-chemical analysis of groundwater
samples

In this phase, physic-chemical analysis was
carried out i.e., the analysis of various physic-
chemical parameters was carried out in
environmental laboratory. In other words, the
experimental procedures were adopted for
obtaining the content of physic c-chemical
parameters present in collected groundwater
samples.

The acceptable limit and permissible limit of
the physic-chemical parameters is taken from
IS 10500:2012 (SECOND REVISION)
Physical Parameters tested were

1. Taste,
2. Color,
3. Odor,

4. Temperature
5. Turbidity.
Chemical Parameters tested were
6. Ph
7. Total harness
8. Total Alkalinity
9. Chloride
10. Calcium
11. Total Dissolved Solids

13. Magnesium

14. Ammonia,

15. Sulphate
These are the physio chemical parameters
which were tested in lab and compared with
BIS Standards.

Generation of Water Quality Index (WQI).

Water quality index (WQI) provides
information about water quality in a single
value.. There are many models present to
generate water quality index but we selected
CCME method for calculating water quality
index. This Method was published in 2001 and
contains the guidelines for assessing water
quality index. Some of the paper published
based on this method are Al-Janabi et al.,

(2012), Munna et al.,(2013), Gyamfi et
al.,(2013), Saleem et al.,(2015), Lamare and
singh(2016).

CCME have three main elements:
* FI1 ( Scope)
* F2 (Frequency)
* F3 ( Amplitude)
Formula’s used in Calculation of WQI
Step — 1 calculating the scope Value (FI
Value)
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Fl= Number of failed Variable

Total number of variable *100
Step — 2 calculating the Frequency Value (F2
Value)

F2= Number of failed Test

Total number of variable *100

Step 3

e There are three steps in step 3 they are
Used when the test parameters is not exceed
the objective (Standard BIS value)

Excursion = Failed Test value -1

Objective
e Used when the test value falls below
the objective

Excursion = Objective -1

Failed no of test

(Normalize Sum of Excursion)
Nse = Summation of Excursion

Total no of Test

nse

nse +0.01
Overall calculation

CCME WQI =

F3=

( NF1+F2+F3 )
1.73

TABLE-2 CCME WQI TABLE

CCME WQI | Ranking Water quality Characters
95-100 Excellent | Water quality is good without or very less presence of impurities
80-94 Good Water quality is good but has certain impurities
65-79 Fair Certain Parameters are not in the limits
45-64 Marginal | Water should be treated well before using
0-44 Poor Water is unfit for domestic purpose

These are the ranges given by CCME for the
value of WQL.

Results & Discussion

The result of also the pysio chemical
parameters is obtained by various test method

and these results are compared standard value.
Various test method for different parameters
are shown in table.3

TABLE-3 TEST DETAIL

w
=
Z
@)

PARAMETERS

TEST ADOPTED

Ph

Electrometer (PH meter)

Alkalinity

(Titration)

Tds

(Titration)

Chloride

TDS Probe

Calcium

(Titration)

Magnesium

(Titration)

Nitrate

Spectrophotometer

Ammonia

(Titration)

O |0 I[N N |||~

Sulphate

(Titration)

Turbidity

(Titration)

— | —
— o

Hardness

EDTA titration

These are the method in table-3 adopted to test
the given water sample of the study area
These test results were compared with standard

BIS value table-4 of drinking water
BIS STANDARDS are shown in table.4
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TABLE-4 BIS STANDARDS

SLNO | PARAMETERS | BIS STANDANDS
1 Colour <5
2 Turbidity <1
3 Taste Agreeable
4 Odour Agreeable
5 Temperature 27
6 Ph 6.5-8.5
7 Hardness 200
8 Alkalinity 200
9 Chloride 250
10 Calcium 75
11 Tds 500
12 Nitrate 45
13 Magnesium 30
14 Ammonia 0.5
15 Sulphate 200

Table-5 shows the standard value of the parameters for drinking water as per BIS
The results obtained are as follows shown in table 5,6 physical parameters

TABLE-5S RESULT

SL NO LOCATION Color Turbidity Temp ©
1 Attebele 3 0.7 27
2 Avathi 2 0.9 30
3 Bullahali 1 0.5 27
4 Byrapanahalli 4 0.5 28
5 Gobbarakunte 3 0.75 30
6 Gonuru 2 0.6 27
7 Kodag Urki 1 0.45 28
8 Kurburakunte 4 0.85 28
9 Venkatagiri Kote 3 0.6 30
10 Yelur 2 0.8 27

TABLE-6 RESULT
SL.NO LOCATION Taste Odor
1-10 All 10 Location Agreeable | Agreeable
Mentioned Above

Table — 7,8,9, shows the results of chemical parameters

TABLE-7 RESULT

SL LOCATION PH Alkalinity | Hardness

NO
1 Attebele 6.52 202 370
2 Avathi 6.68 311 849
3 Bullahali 6.5 93.0 270
4 Byrapanahalli 7.7 246 266
5 Gobbarakunte 7.1 113 208
6 Gonuru 6.5 76.7 93.6
7 Kodag Urki 7.03 165 324
8 Kurburakunte 6.52 109 106.1
9 Venkatagiri Kote | 7.52 254 262
10 Yelur 6.52 101 54.0
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TABLE-8 RESULT

SL LOCATION Cl Ca TDS
NO Mg/) Mg/) Mg/)

1 Attebele 161 108 650

2 Avathi 489 236 1640

3 Bullahali 158 73.3 520

4 Byrapanahalli 74.3 70.0 520

5 Gobbarakunte 142 55.0 500

6 Gonuru 70.4 25.0 280

7 Kodag Urki 123 83.0 620

8 Kurburakunte 50.8 25.0 210

9 Venkatagiri Kote 112 80.0 582

10 Yelur 39.0 15.0 210

TABLE-9 RESULT
NO M NH SO
SL NO LOCATION | .0 (Mgg/l) ot | oteh

1 Attebele 6.0 24.2 0.02 47.7
2 Avathi 8.0 62.6 0.01 108
3 Bullahali 4.7 21.2 0.04 42 .4
4 Byrapanahalli 4.7 22.2 0.035 42.4
5 Gobbarakunte 4.5 17.0 0.045 7.9
6 Gonuru 2.2 7.5 0.025 3.7
7 Kodag Urki 5.2 28.3 0.015 48.9
8 Kurburakunte 2.0 10.6 0.010 4.0
9 Venkatagiri Kote 5.6 15.0 0.05 41.8
10 Yelur 1.4 4.0 0.09 4.0

These are results obtained as follows the bold
values are exceeding the limit.
Further calculating the water quality index of

sample based on the results obtain and formula
mentioned above

TABLE-10 WQI RESULTS

WATER QUALITY
SL NO LOCATION INDEX. RANKING
1 Attebele 94.829. Good.
2 Avathi 93.677. Good.
3 Bullahali 94.407. Good.
4 Byrapanahalli 94.407. Good.
5 Gobbarakunte 100. Excellent.
6 Gonuru 100. Excellent.
7 Kodag Urki 96.323. Excellent.
8 Kurburakunte 100. Excellent.
9 Venkatagiri Kote 95.542. Excellent.
10 Yelur 100. Excellent.

Table-10 shows the detail of water quality
index found by CCME method.

The spatial data and attribute database was
generated for the water sample and was
integrated for generation of spatial variation of
maps of certain parameters like PH, turbidity,
sulphate, etc. based on shape file obtained
maps were created for the study area. This

water quality map helps us to the condition
water.

In physical parameters that is taste color odor
and turbidity all the 10 sample satisfy the
criteria and are safe for drinking according to
BIS standards

In chemical parameters test was conducted on
PH, Alkalinity, Hardness, Chloride, Calcium,
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Total dissolved solids, Nitrate Magnesium
Ammonia Sulphate and the results were as
follows

PH

The ph range should be in between 6.5-8.5
according to BIS for drinking. In the present
study all the 10 samples satisfy the criteria
Alkalinity

The Alkalinity range should be below 200 mg/1
according to BIS for drinking. In the present
study 06 samples satisfy the criteria.

Total Hardness

Total Hardness range should be below 300
mg/l according to BIS for drinking. In the
present study 08 samples satisfy the criteria
Chloride

Chloride range should be below 250 mg/l
according to BIS for drinking. In the present
study 09 samples satisfy the criteria

Calcium

Calcium range should be below 75 mg/l
according to BIS for drinking. In the present
study 08 samples satisfy the criteria

Total Dissolved Solids

Total Dissolved solids range should be below
500 mg/l according to BIS for drinking. In the
present study 04 samples satisfy the criteria
Nitrate

Nitrate range should be below 45 mg/l
according to BIS for drinking. In the present

study 09 samples satisfy the criteria

Ammonia

Ammonia range should be below >0.05
according to BIS for drinking. In the present
study all the 10 samples satisfy the criteria
Sulphate

Sulphate range should be below 200 mg/l
according to BIS for drinking. In the present
study all the 10 samples satisfy the criteria

Conclusion

* As per calculation of WQI we conclude
that 40% of water sample has achieved
good ranking and 60% water sample has
achieved excellent ranking as per CCME
WQIL

* We have noticed sample collected from
some villages are having dip in WQI index
hence we have to concentrate on treatment
methods or plants for treatment in these
villages and advice the local famers to use
fertizers and pesticides judicially.

* In other villages water quality is excellent
and we need to maintain the water quality
index by educating the people

* As on 2021 all the 10 tested sample are
suitable for drinking.

* Villages with Good quality are Attibele,
Avathi, Bullahali, and Byrapanahalli.

Villages  with  Excellent quality are

study all the 10 samples satisfy the criteria. Gobbarakunte, Gonuru, Kodag Urki,
Magnesium Kurburakunte, Venkatagiri Kote, and
Magnesium range should be below 30 mg/l Yelur.
according to BIS for drinking. In the present
Water quality index
m Execellent

Quality

Good Quality
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