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Utilization of the Three-Dimensional Model to a Construction
Production System

By Keizo Kanzaki

Abstract- The quitting a job of the expert worker and the lack of the technical transmission to the
young worker with low birthrate, and the deterioration of the infrastructure institution which will
increase rapidly in future will be the problem that must put up measures immediately in the
construction business. CIM and i-Construction proposed by Ministry of Land, Infrastructure,
Transport and Tourism enforce the improvement of the productivity of the construction site and
the maintenance and check for the life cycle of the structure using three-dimensional model in
order to solve such a problem, and they may be said that it is the big change of the construction
production system. In this report, | survey three examples of the tool which | can utilize three-
dimensional model for plan, measuring, construction, and maintenance based on a policy of CIM
and i-Construction, explain an effective making method of the three-dimensional model suitable
for a construction scale and contents and examine the effective utilization method and
introduction effect in the construction production system.

Keywords: CIM, information-oriented construction, laser scanner device, UAV.
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Utilization of the Three-Dimensional Model to a
Construction Production System
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Keizo Kanzaki

Absiract-The quitting a job of the expert worker and the lack of
the technical transmission to the young worker with low
birthrate, and the deterioration of the infrastructure institution
which will increase rapidly in future will be the problem that
must put up measures immediately in the construction
business. CIM and i-Construction proposed by Ministry of
Land, Infrastructure, Transport and Tourism enforce the
improvement of the productivity of the construction site and
the maintenance and check for the life cycle of the structure
using three-dimensional model in order to solve such a
problem, and they may be said that it is the big change of the
construction production system. In this report, | survey three
examples of the tool which | can utilize three-dimensional
model for plan, measuring, construction, and maintenance
based on a policy of CIM and i-Construction, explain an
effective making method of the three-dimensional model
suitable for a construction scale and contents and examine the
effective utilization method and introduction effect in the
construction production system.

Keywords. CIM, information-oriented construction, laser
scanner device, UAV.
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Qualitative Analysis of Sustainable Indicators:
An Approach to Correlate Sustainable Indicators
with Transportation Practices

Hariharan Naganathan ®, Aaron D Sauer®, Oswald Chong® & Jonghoon Kim©

Abstract- Transportation sustainability is centered on being the
linchpin to cultivate innovations and enhance safer
environmental standards. The public and private agencies
adopt sustainable practices integrating their policies in order
to elevate sustainability performances. There is an advent
need of developing a tool for quantifying the transportation
policies and practices. This paper explains (1) the fundamental
practices adopted by different transportation agencies; (2) the
impacts of three pillars on developing the sustainable
indicators; (3) the selection of indicators and their grouping;
and (4) the statistical relationship between indicators with the
real-time variables population and GDP. This performance
benchmark aims to quantify the sustainability practices of the
state and its transportation agencies by assessing their
environmental, social, and economic practices. The paper
examines the relationship between the selected sustainable
indicators and establishes the framework for the sustainability
of transportation. This framework is a starting point for adding
more relevant indicators to measure the sustainability of
transportation when data become available.

Keywords: sustainable transportation, transportation
policies, performances, statistical analysis, correlation,
the impact of indicators.

I. [NTRODUCTION

he transportation sector is the bloodline of the U.S
Teconomy, and the sustainability of this sector has

an enormous impact on its growth. Alternatives for
nonrenewable resources are looked upon by the
researchers to enhance transportation sustainability.
Transportation influences all aspects of the economy,
environment, and society and generates long-term
impacts on humanity (Dearing, 2000). Sustainability in
transportation addresses the basic needs of societies
such as safety and is in a manner consistent with the
health of humans and the ecosystem through
transportation infrastructure (CH2M HILL, 2009). The
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active structure of transportation planning and
management relies entirely on sustainability. Federal
and state transportation agencies perform a pivotal role
in implementing sustainability in the transportation
sector. The ever increasing demand for nonrenewable
resources has forced decision-makers of the
transportation sector to look for alternatives that can
satisfy or improve our living environment, economy, and
society. The purpose of incorporating sustainability into
the transportation sector is to alleviate the environmental
and social impacts caused by the sector while
sustaining its contributions to the economy. A
knowledge platform integrates different policies,
practices, and technologies in order to reflect
sustainability in different situations and conditions
(Andrea, 2013). These knowledge platforms of these
sustainable practices adopted by different transportation
agencies are not promulgated wisely (Daniel, 2011). The
Departments of Transportation (DOTs) do not clearly
understand the relationships between sustainable
practices and their ability to create jobs, reduce carbon
emissions and pollution, and provide social benefits to
their residents. Also, many of these sustainability
initiatives  implemented by the states are not
appropriately quantified. Thus, the level of sustainability
adopted by different state agencies cannot be
quantified and measured. These policies and practices
can be quantified using sustainable indicators, which is
selected with the available data from reliable sources.
The Transportation Demand Management
(TDM) program is used to develop strategies and
policies that help in reducing the traffic loads and other
transportation-related issues (U.S DOT, 2008). It is
adopted by various state transportation agencies but
not utilized at the fullest. Some of the agencies
incorporated this program later dropped it due to its
strategies and policies that can be adopted only at local
levels and often at the project level (Alameda County
Transportation comission, 2009). The need for demand
management is critically high since oil prices, and
publicly owned vehicles are increasing rapidly (U.S
DOT, 2008). The transportation research board stated
that some of the factors influencing sustainability in
transportation include nonrenewable fuel depletion,
global climatic change, local air quality, fatalities and
injuries, congestion, greenhouse gas emissions, and
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noise pollution (TRB, 2005). There are several other
organizations like American Public Transportation
Association  (APTA),  American  Public ~ Works
Administration (APWA), Energy Information
Administration (EIA), and Energy Protection Agency
(EPA) that adopts different policies and strategies in
order to achieve transportation sustainability. These
organizations have quantified several sustainable
indicators, which are derived from the policies and
strategies they have adopted. Most of these indicators
are quantified through regular data collection, while
other indicators have not yet been quantified.

1. IMPACTS OF THREE PILLARS ON
SUSTAINABILITY

Sustainability is sometimes defined narrowly.
For example, some focus on resource depletion and air
pollution problems, while others identify it as the most
significant long-term ecological risk. These focuses are
prone to be neglected by engineers, planners, and
architects alike. The most common approach to tackle
various sustainability issues is the triple bottom line
approach. The triple bottom line approach relates

between vibrant community  (people), healthy
environment (planet), and firm profitability (profit).
According to Litman (2011), this approach to

sustainability can be represented by a Venn diagram,
which identifies the interrelationship between social,
economic, and environmental issues.

[1I.  SOCIAL ISSUES

Social variables refer to the social dimensions of
community, society, or region and include education,
equity, and access to social resources, health and well-
being, quality of life, and social capital (Flaper, 2009).
Social indicators measure the impacts of an action on
the community. It includes population size, composition
and growth, life expectancy, and literacy (UNSDa, 2012).
Some of the factors, according to Flaper (2009), are
unemployment rate, female labor force participation
rate, median household income, relative poverty,
percentage of the population with a post-secondary
degree or certificate, average commute time, violent
crimes per capita and health-adjusted life expectancy.

The U.S. Government Accountability Office
(GAO) has developed a set of social indicators (called
national key indicators) that measure the U.S. social
impact performance. The indicators are divided into
different stages and include factors like health,
macroeconomics, education, crime, safety, social
support, community, governance, sustainability, and
transparency. These indicators also overlapped some
economic indicators. Economic indicators are often
intimately associated with social indicators as the
economy is often closely tied to the welfare of the
community and society (Riche, 2010).

© 2020 Global Journals

IV. EcoNOMIC ISSUES

Economic health is a critical component of any
nation. A monetary system influences the wealth of the
nation and its citizens. The economic variables include
income, climatic factors, and expenditures (Riche,
2010). Regional and global economic and political
instability threatens the supply of critical resources, and
often create commodity price shocks (Gelos &
Ustyugova, 2011). Right in between, the supply and
demand of these resources lay in the transportation
system that ties both together. Increases in the price of
energy push up the cost of various commodities, which
elevates the general prices (inflation). The responses
towards prices of different commodities vary among
different countries, as Gelos & Ustyugova (2011)
suggested that drivers of the prices include market
openness, trends of import and export, the share of food
and transport on consumer price index, fuel use in a
country, financial development, and the health of the
labor market and financial institutions. Increase in gas
prices reduce disposable income and affect economic
growth as a result. The economic sustainability of
transportation should focus on the efforts of
transportation systems on various economic factors.

V.  ENVIRONMENTAL [SSUES

Environmental indicators measure the effects of
human activity on the environment and ecosystems.
There are national, regional, and local laws that target
these environmental impacts. Example of these
agencies includes the Environmental Protection Agency
(EPA) and the National Oceanic and Atmospheric
Agency (NOAA). These regulations target to eliminate
the environmental impact of product manufacturing and
from various other economic activities. These agencies
focus on enhancing the water and air quality, reducing
energy use, eliminating radiation and toxicity, improving
land quality, reversing climate change, controlling
chemical use, etc. These indicators are often used to
quantify the environmental impact of products, policies,
and systems (UNSD, 2011).

Air pollution, noise, water pollution, depletion of
nonrenewable resources, landscape degradation, heat
island effects (increased ambient temperature resulting
from the pavement), and ecological degradation
(Litman, 2011) are some of the environmental impacts
created by the transportation systems. Some of the
other environmental impacts are caused by the high
concentration of sulfur dioxide and nitrogen oxides,
pollutants, and excessive nutrients, fossil fuel and
electricity consumption, improper solid and hazardous
waste management, and change in land use and land
cover.



VI.  PRIOR RESEARCH ON SUSTAINABLE
TRANSPORTATION

Transportation influences all aspects of the
economy, environment, and society and generates long-
term impacts on humanity (Dearing, 2000). Sustainability
in transportation addresses the basic needs of societies
such as safety and is in a manner consistent with the
health of humans and the ecosystem through
transportation infrastructure (AASHTO, 2009). The
Bruntland report published by the World Commission on
environment and development defined sustainability as
"meeting the needs of the present without compromising
the ability of future generations to meet their own needs"
(Oswald, 2008). There is numerous research on
sustainable transportation developed by different
researchers, particularly on sustainable indicators and
its development. Since sustainable development
became an international priority in the 1980s and 1990s,
infrastructure sustainability has become a growing area
of interest in practice, research, and education
(AdjoAmekudzi, 2005). Examples of researchers who
did intense work on sustainable indicators of
transportation include Litman (2011), Adjo (2005),
Gudmundsson (2000), Meyers (2000), Cortese(2003),
Wheeler(2003), etc.

According to AdjoAmekudzi (2005), the
frameworks found in the literature can be placed into
three categories which linkages-based, impact-based,
and influence oriented (Adjo Amekudzi, 2005). Similarly,
Litman (2011) includes various indicators based on the
three pillars, which include economic, social, and
environmental activities. This research moves a step
forward from this level to prove the positive correlation
between these indicators, which is considerably used by
researchers for performance analysis of sustainable
transportation.

VII.  SUSTAINABLE TRANSPORTATION

POLICIES

Sustainable strategies and policies are adopted
under the banner of sustainable initiatives by most cities
(Goldman, 2006). The purpose of sustainable policies
optimizes the environmental, economic, and social
benefits of the transportation systems (OECD, 2000).
Measurable outcomes are needed in order to determine
the success of the actual sustainability policies.

The funding for public transportation has
increased over the last two decades (D. Banister, 2007).
Many innovations in transportation practice occurred
and continue to take place in the transportation sector,
and many of these innovations may serve the goal of a
more sustainable transportation system (Goldman,
2006). The New York State Department of
Transportation (NYSDOT) sustainable mission is to
integrate  sustainability into different transportation

practices that include the planning, constructing and
maintaining of the transportation system, and the
optimizing of internal resources of DOT. (NYSDOT,
2013).

One of the most extensive sustainable
frameworks is the performance planning process
defined by the Government Performance and Results
Act (GPRA). GPRA is adopted as a U.S. legislation in
1993 and with bi-partisan support. This framework, the
GPRA, and the other "Sustainable Policy" framework will
be the main focus in this section (Henrik Gudmundssun,
2001). Most of the transportation agencies align
themselves with the framework and concepts of
sustainable transportation that are more relevant to their
states. Department of Transportation (DOTs), American
Association of State Highway and Transportation
Officials (AASHTO), Federal Highway Administration
(FHWA), Federal Transit Administration (FTA), United
States Department of Transportation (USDOT) and
various regional transportation agencies have initiated
numerous sustainable transportation programs and
initiatives that target the transportation sustainability of
the states, counties, cities, and communities. It in turn
elevated the standards of transportation through the
integration of sustainable practices to a certain extent.

VIII. SUSTAINABLE PRACTICES

USDOT encourages the state DOTs to initiate
sustainable practices and implement measures to
develop that green transportation. DOT has defined five
strategic goal areas. There have not been changes
between 1997 and the revised 2000 Strategic Plan. The
five-goal areas cover Safety, Mobility, Economic Growth
and Trade, Human and Natural Environment, and
National Security (Henrik Gudmundssun, 2001). Many
DOTs attempted to implement many sustainable
practices based on the state population and the budget
on their sustainable practices.

Examples of these sustainable practices include
1. Renewable energy: The California Department of
Transportation (Caltrans) installation of a large number
of wind turbines and the development of many
renewable energy production facilities across the state
of California (Caltrans, 2013), and the Texas Department
of Transportation (TxDOT) initiative to develop and utilize
of renewable and natural resources (mostly ethanol) as
the alternative fuel in the state (TxDOT, 2013), and the
lowa Department of Transportation provides extensive
supports for the development of ethanol (renewable
energy) program in the state; 2, Green Transportation
and Highway System: The New York State Department
of Transportation (NYSDOT) developed the green and
blue highways initiatives, which can provide green
transportation throughout the state (NYSDOT, 2013), the
Washington Department of Transportation (WSDOT)
developed the standards for green highway design and
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initiated several green highway projects (e.g. the Electric

Highways, Smarter Highways and Sustainable
Transportation projects), the New Mexico Department of
Transportation  (NMDOT) and the Pennsylvania

Department of Transportation (PENDQOT) invests their
growth through Smart transportation system for
roadways (NMDOT, 2013).; 4. Recycling and Use of
Low-Emission Vehicles: The Oregon Department of
Transportation (ODOT) started various e-recycling and
low emission vehicle programs (ODOT, 2013); 5. Use of
"green" materials: The Florida Department of
Transportation (FDOT) and Georgia Department of
Transportation (GDOT) developed research facilities in
order to elevate the green material technology in
transportation infrastructure and focused on Asphalt
pavement (Jim Warren, 2013).

Similarly,  the lllinois Department  of
Transportation focuses on alternative fuel and electric
vehicle initiatives (IDOT, 2013); and 6. Other initiatives:
States with a smaller population and budget have also

implemented numerous sustainable initiatives that
enhance the state's green efficiency. The Wisconsin
Department of Transportation (WIDOT) constructed a
historical museum on transportation to educate people
about the importance of sustainable transportation.
Also, they have implemented an air quality program that
focuses on reducing toxic generated from fuels. The
West Virginia Department of Transportation (WVDOT)
runs a tire-recycling program and plants wildflower
(WVDQT, 2013).

IX.  SUSTAINABILITY RATING SYSTEM

Sustainability rating systems are generally
designed to perform a specific function, for specific
projects and repairs, and to achieve specific goals. The
rating systems can also be categorized into the
region(s) of application, namely, international and
national (Table 1), state (Table 2), and community levels
(Table 3).

Table 7: National level rating systems and their developers

Sustainability rating system Developers
Envision Institute of Sustainable Infrastructure (ISI)
Sustainable highway self-evaluation tool Federal Highway Administration (FHWA)
LEED US Green Building Council (USGBC)
SITES American Society of Landscape Architects (ASLA)
Green highway partnerships U.S. Environmental Protection Agency (EPA)
CEEQUAL Institution of Civil Engineers (ICE)

Table 2: State level rating system and their developers

Sustainability rating system

Developers

Green roads certification

Washington Department of Transportation and the University of Washington

GreenLITES certification

New York Department of Transportation

|- Last

lllinois Department of Transportation

BE2ST

Wisconsin Department of Transportation and the University of Wisconsin.

Table 3: Local, sustainable rating systems and their developers

Sustainability rating system

Developers

Sustainable transportation and analysis rating systems(STAR)

Portland Department of Transportation, Oregon

PEACH Roads

Cobb County, Georgia

Table 4. Categories of various rating systems Source: (Hirsch, 2011)

Rating Systems
STAR GreenLITES Envision [-LAST Greenroads

Integrated Process Sustainable sites Project pathway/siting Planning %:Ziﬁirzﬁgﬁ?
-% Access Water quality Project strategy Design Environment &water
*f%) Climate Material resources Communities Environmental Access & equity
° Ecological function ;ﬁgéﬁgé L?ggtg;?isgd Water quality Construction activities

Cost-effectiveness Innovation Landscaping Transportation Materials and resources

Innovation Planning Ecology Lighting Pavement
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X. LIMITATIONS OF THE RATING SYSTEMS

There are easily over 200 sustainable rating
systems globally. Each rating system targets specific
markets, regions, and products. Many rating systems
are the products of public and private collaborations
and are designated for different purposes at the
national, state, and local levels. The rating systems
categorize indicators into different technical areas.
These areas target different environmental and social
impacts such as habitat protection and enhancement,
storm water management, material use, and reuse,
context-sensitive  design, light  pollution, noise
abatement, public outreach, land use compatibility, and
construction waste reduction (Dondero, George, 2012).

The rating system is one of the most common
approaches for benchmarking and quantifying
sustainability practices (for example, LEED and

Envision). The output of the rating systems can be used
to measure the different levels of sustainability, and thus
speed up the process of sustainability implementation
and adoption among the states with quantitative
numbers and published examples.

The use of the systems depends on the market;
the systems are designed. The systems can be generic,
regionally specific, and even corporate specific. These
systems are generally driven by the following:

a) Cost efficiency and effectiveness of the rating
system

The rating systems are developed by pioneers
either in the civil engineering field or by external
agencies. Cost-effectiveness and sustainability are not
correlated, and the results are still debatable with high
investments on the rating systems. Most of the decision-
makers ignore the sustainable factors unless they realize
there are some cost savings out of it (Hirsch, 2011). The
developers of rating systems should focus on the cost-
effectiveness of their rating systems and has to develop
a framework to analyze the cost-effectiveness (Hirsch,
2012).

b) Level of complexity in the rating system

This is an essential factor for the shortfall of the
rating system. Rating systems are developed in order to
certify, enhance, and encourage humans to adopt and
achieve sustainability in various infrastructures.
However, there are conventional approaches to
appraising or valuing land/ buildings and analyzing
property values in each country, although it appears that
rating tools have not followed similar approaches; they
are complex systems that are not easily accessible by
the general public (Reed, 2009).

c) Specification of the rating system and their
integration with the transportation projects
There are numerous rating systems developed

in different parts of the world according to their specific

climate change and business objectives. The rating
systems have similar specifications with different
categorizations with the project requirements. This, in
turn, has created complications for stakeholders,
including property investors. An understanding of the
many differences between each market has been
increasing difficulty (Reed, 2009).

Many sustainability-rating  systems  have
become irrelevant, while others continue to thrive. Many
of the thriving programs that have been developed
specific to an organization's operations, environmental
needs, local context, and sustainability philosophy, and
thus they are still being used extensively (Hirsch, 2011).
While these systems give more weight to the
environmental credits (such as stormwater, habitat,
vegetation, material use), they focus less on the equity
and economic benefits. The key reason for this is that
the cost-effectiveness of sustainability often overwhelms
social relevance (Dondero, George, 2012). Economic
decisions are far more important drivers of choices than
what the public and private sectors make.

These rating systems often face a dilemma like:

1. Justify the weights and allocates points of the
indicators.

2. Ensure the consistency of the evaluation process;
and

3. Neglect the use of reliable information and data.

According to AASHTO, FHWA's self-evaluation
tool (Invest) for sustainable highways does not focus on
all three sustainable pillars. One particular critique noted
that several concepts and modules overlapped one
another, and the tools failed to clarify the intended
linkages between the modules. The overlapping and
unclear linkages result in potential double-counting of
credits. (Eisenman, 2012).The table shows different
points on traffic-related activities. The table shows that
these systems allocate the emissions factor less weight.
Also, the "multi transit factors" that involves ridership has
very low weightage (as shown in the following table). In
summary, points allocated in the rating systems only
reflect the compliances of the rating systems, and
compliance with systems does not necessarily mean
achieving the intended sustainability goals of the
systems. One of the purposes of this research is to
examine the approaches that could better align with
sustainability goals with various sustainability policies
and practices.
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Table 5: Traffic-related points on different rating systems Source: (Bockisch, 2012)

Category Invest (%) | Envision (%) | Green Roads (%) PEACH Roads (%)

Transportation planning 12 13 5 6
ITS 4 5 5 19
Multi Transit 4 4 8 3
Intermodal 6 0 0 2
Safety 9 2 2 0
Emissions 0 5 4 2
Total 35 29 24 32

XI.  ISSUES IN SUSTAINABLE XII.  SUSTAINABLE [NDICATORS

TRANSPORTATION

Sustainability in transportation addresses the
basic needs of societies such as safety and is in a
manner consistent with the health of humans and the
ecosystem  through transportation infrastructure.
Sustainability aims to build up the social and
environmental equity within and between generations.
(AASHTO, 2009). The nature and scope of the issues
and their implications for transportation planning and
policy are only beginning to be explored in recent
decades by scientists (Litman, 2006). The development
of sustainable transport policies implies reconciling
environmental, social, and economic objectives and will
require further improvements to a wide range of fronts
for inland transport (ECMT, 2000). The critical issues of
policy-making include accidents, employment rates,
accessibility, congestion, traffic growth, nature,
emission, and air quality issues (ECMT, 2000). Land use
pattern is also a significant barrier in achieving
sustainability in transportation.

There is a significant relationship between
transportation modes and energy consumptions per
capita. Railways carry more goods and people and use
less energy than trucks and planes (Lewis , 2009). Sea
freights can carry much more loads and uses less fuel
than railways, while air transportation consumes the
most substantial amount of energy per ton of goods
carried (UNCTAD, 2006). While public transportation
consumes a lower energy footprint per capita compared
with private transportation, availability and convenience
often force people to rely on private transportation and
results in lower ridership of transportation in many parts
of the country, which increases energy use of such
modes (Turtenwald, 2013).However, the economy
cannot function properly without any of the above
transportation modes. Perishable cannot rely on sea
freight while shipping large quantities of electronics can
be expensive using air freight. The decision to use the
different types of transportation modes is often driven by
economic needs rather than the sustainability of the
modes.
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Sustainability indicators have to represent and
measure the social, economic, and environmental status
or condition of a transportation system. Indicators
simplify the measurement of sustainability and to
overcome the complexities of quantifying sustainability
(Bossel, 1999). Sustainability indicators also simplify the
process of answering the question of how to reduce
human impact and conserve for future generations
(Oswald, 2008). The indicators must be selected
according to the rigor of any research process, and any
models generated from the research have to be based
on reliable information. According to Bossel (1999), the
indicators are selected based on four steps:
1.Understand the requirement and the total system;
2.ldentify the potential indicators; 3. Quantify the
indicators; and 4.Construct a participative process.
Sustainability policies and practices will be evaluated
into the next level if a set of measurable indicators can
be used to track trends, compare areas and activities,
evaluate particular policies and planning options, and
set performance targets (Litman, 2011).

The indicators adopted for measuring
sustainability are determined by their level of importance
to their purposes. A progress report prepared by the
U.S. Interagency Working Group (IAWG) on Sustainable
Development Indicators highlighted that the approaches
of developing these indicators. The report includes: (1) a
proposed framework for measuring progress towards
sustainable development; (2) a set of 40 specific
indicators for the U.S. within that framework; and (3)
time-series data and graphs of each indicator. (Henrik
Gudmundssun, 2001). Significant elements in the report
are from the 17 indicators listed in the report indicate
favoritism towards Sustainable Development, 13
indicators showed the opposite, and ten indicators had
unclear interpretations (Henrik Gudmundssun, 2001).
Some of the indicators are treated separately, and new
indicators are developed to reflect the needs.



XIII.  LEVEL OF IMPORTANCE

There are many conditions in the transportation
system that influences sustainable indicators. The
indicators for the preliminary analysis are selected
based on the eight principles of a good rating system
that Litman (2011) indicated. These indicators include
Budget, Ridership, Emission, Consumption, and Energy
efficiency (BRECE). Each of these indicators includes a
wide range of sub-indicators that influences
sustainability and is interrelated and interdependent on
one other. Table 4.8 lists the various sub-indicators that
come under the BRECE indicators.

The level of importance of each indicator used
by the system is determined by; (1) the availability and
reliability of information and data sources; (2) the impact
of the indicators on the state sustainability; (3) how the

indicators influence states' decisions to implement them;
and (4) the impact of the indicators on the transportation
sector. The sustainable indicators are ranked high,
medium, and low based on various factors such as
availability of the data, and their importance to the
research. For example, budget is an essential indicator
with the focus since it involves many relations with other
indicators like population and population density of the
state. Similarly, ridership on-demand response has very
fewer data and can be neglected. Hence, it is of low
importance. The bicycle path program is one crucial
sustainable initiative that is implemented almost in every
state, but the data availability of the bicycle program is
qualitative rather than quantitative, hence it s
considered of medium importance. The table shows the
various indicators and their grouping, respectively.

Table 6: Budgets on transportation (Sunshine review, 2010)

Budget

Sustainable indicators

Data sources Importance

Total state budget

Sunshine Review High to Medium

Total budget on transportation

Sunshine Review High to Medium

The budget on public transportation

Sunshine Review High to Medium

The budget on sustainable programs

Sunshine Review High to Medium

The budget for sustainable research

Sunshine Review High to Medium

Table 7: Ridership on public transit(APTA, 2011)

Public transportation

Sustainable indicators

Data sources

Importance

Ridership of public transport

American Public transit Association (APTA)

High to Medium

Ridership on high-speed rail

American Public transit Association (APTA)

High to Medium

Ridership on commuter rail

American Public transit Association (APTA)

High to Medium

Ridership on buses

American Public transit Association (APTA)

High to Medium

Ridership on carpool/vanpool

American Public transit Association (APTA)

High to Medium

Ridership on trolleybuses

High to Medium

Ridership on streetcars

American Public transit Association (APTA)

Medium to Low

Ridership on bicycle

American Public transit Association (APTA

Medium to Low

Ridership on demand response

(
(
(
(
American Public transit Association (APTA)
(
(
(

)
)

American Public transit Association (APTA

Low

Table 8: Emissions and fuel consumption indicators(EIA, 2010)

Emissions and fuel consumption

Sustainable indicators

Data sources Importance

Carbon emissions by public transportation

Energy Information Administration (EIA

Nl

High to Medium

Carbon emissions by state buildings

Energy Information Administration

EIA

Ne%

High to Medium

Gasoline consumption

N

High to Medium

Ethanol consumption

(

(
Energy Information Administration (EIA
Energy Information Administration (EIA

N

High to Medium

Biofuel productions

Energy Information Administration (EIA)

High to Medium

Table 9: Energy use and efficiency indicators(FHWA, 2010)

Energy use and efficiency

Sustainable indicators

Data sources

Importance

Transportation energy

Energy Information Administration (EIA

=

High to Medium

Operational energy

Environmental Protection Agency (EPA

N

High to Medium

Embodied energy

Environmental Protection Agency (EPA

=

High to Medium

State vehicles on alternative fuels

Energy Information Administration (EIA

=

High to Medium

State vehicles on electricity

Federal Highway Administration (FHWA)

High to Medium

© 2020 Global Journals

Global Journal of Researches in Engineering (E) Volume XX Issue II Version I E Year 2020



(E) Volume XX Issue II Version I E Year 2020

amccrmg

<}

Global Journal of Researches in En

Number of alternative fuel stations Energy Information Administration (EIA) High to Medium
Number of electric charging stations Energy Information Administration (EIA) High to Medium
Renewable energy in public transit Energy Information Administration (EIA) High to Medium
Public buses running on electricity Energy Information Administration (EIA) Medium to Low

Table 10: State agencies' commitments and goals

Commitment by state agencies
Sustainable indicators Data sources Importance
Sustainability targets DOT/Survey High to Medium
Participation in livability programs DOT/Survey Medium to Low
Public involvement and educational programs Survey Highto Medium
Environment management systems by state DOTs Survey High to Medium
Green highway initiatives DOT/Survey High to Medium

Table 11: Other important indicators

Proposed other important indicators

Sustainable indicators

Data sources Importance

Land used on highways

Web sources High to Medium

Recycling and reuse of materials Survey Medium to Low
Recycling rate by state agencies Survey Low
State Water Quality Web sources Low

Water use by the state transportation agency

Web sources/Survey Medium to Low

Total number of OSHA violations

Web sources/Survey High to Medium

State overall air quality

Web sources/Survey Low

Vehicle toxicity emission

Web sources High to Medium

Construction pollutants

Web sources/Survey Medium to Low

Vehicle emissions inspection EIA/Survey High to Medium
Particulate emissions EIA/Survey High to Medium
Productivity loss due to injury Survey High to Medium
Productivity loss due to death Survey High to Medium
Project delay Survey High to Medium

XIV. SELECTION OF INDICATORS

Several vital indicators were dropped from the
framework due to (1) the lack of available and reliable
data, and (2) information for those indicators are difficult
to verify or that the government agencies are not able to
provide such data for the Survey. Examples of the "drop-
out" indicators include "the impact of transportation on
the standard of living,"quality of life,"health and
crime,"and 'how the community felt about various
transportation projects."For example, the overall funding
allocated for sustainability-related initiatives is not
available in most of the states and dropped as a factor
at this time. The research team needs to focus on other
important indicators. Data availability of the embodied
and operational energy of state buildings is also not
available and has to be omitted. Carbon emissions from
the state buildings require time to collect;, hence the
indicator is neglected at this time. Instead of tracking
health statistics (were establishing a link between
transportation and health can be very difficult), the
research team targets pollutant emissions. It is
challenging to correlate health issues with transportation
issues. The research team also included the ridership
on-demand response as a sub-indicator because of the
availability of data for all fifty states though it has very
less quantifiable values.
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The Environmental Protection Agency has not
established procedures to track the entire transportation
indicator sets continuously. Some of the examples of
environmental indicators related to transportation are
criteria air pollutants, toxic pollutants, greenhouse
gases, chlorofluorocarbons, and stratospheric ozone
depletion, habitat and land use, water quality,
hazardous materials incidents, noise and solid waste
(Henrik ~ Gudmundssun, 2001).There are many
conditions in the transportation system that influences
sustainable indicators. The indicators for the preliminary
analysis are selected based on the eight principles of
the excellent rating system  mentioned in
Litman(2011)that fits the research at its best at this
point. These indicators can be presented as Budget,
Ridership, Emission, Consumption, and Energy
efficiency (BRECE). Each of these indicators includes a
wide range of sub-indicators that influences
sustainability and is interrelated and interdependent.
Table 12 lists the various sub-indicators that come
under the BRECE indicators.



Table 12: Selection of Indicators (BRECE)

Sustainable indicators

Importance

Total state budget

High to Medium

Total budget on transportation

High to Medium

The budget on public transportation

High to Medium

The budget on sustainable programs

High to Medium

The budget for sustainable research

High to Medium

Ridership of public transport

High to Medium

Ridership on high-speed rail

High to Medium

Ridership on commuter rail

High to Medium

Ridership on buses

High to Medium

Ridership on carpool/vanpool

High to Medium

Ridership on trolleybuses

High to Medium

Ridership on streetcars

Medium to Low

Ridership on bicycle

Medium to Low

Ridership on demand response

Low

Carbon emissions by public transportation

High to Medium

Transportation energy

High to Medium

Gasoline consumption

High to Medium

Ethanol consumption

High to Medium

Biofuel productions

High to Medium

Number of electric charging stations

High to Medium

BRECE indicators comprise of sub-indicators
that are selected based on the reliability of information
sources, data availability, and the importance of the
indicator as analyzed by the preliminary analysis on
sustainable transportation. These indicators are
statistically proven to be positively correlated using
different statistical concepts. The concepts include Karl
Pearson's population coefficient correlation, p-value
analysis, and Spearman's rank correlation. The
correlation is determined manually and rechecked for
accuracy using Minitab statistical software tool. Apart
from the quantitative data, the research team focused
on using qualitative information available online from
reliable sources. These qualitative data include the
documents, proposed plans and initiatives, and reports
on environmental prevention strategies by DOTs.

XV. STATISTICAL ANALYSIS

Two adjustors, population and GDP, are used
to adjust the indicators. Population influences the
sustainability of transportation, at least on the level
where public transportation becomes viable. It is used
as a key adjuster with which the data collected from
various trusted sources are adjusted to reflect the
ranking of the states. The population of the state reflects
the demand for public transport. States generally spend
more money on transportation if it has a greater
population density. Large states have more giant
footprints, and thus it is necessary to present the
sustainability after adjusting the size of the states.
Population and budget are good adjustors. The various
indicators that are used with population adjustors are

the total number of vehicles registered, total
transportation budget, the population density of state
and most significant cities, and ethanol and gasoline
consumption. Three different analyses are done with the
population and GDP as an adjuster.

A data analysis framework is developed to lay
out the relationship between the data and their intended
output. The data are gathered from various trusted
sources and then grouped under BRECE indicators. The
adjustors used in this research are the population and
GDP. Pearson's correlation and P-value are determined
using the Minitab statistical tool.

The various equations used to determine the
correlations are as follows

1. Pearson's population coefficient equation is given
by (Source: Social science statistics)

S (i — &) (3 — 9)

=

(@ —2)? 3 (s - )

i=1

Ty =

2. Rank correlation is given by (Source: Social science
statistics)

_q 63 d?
p=r n(n?—1)

The correlation coefficients and P-value is
determined through manual calculation and statistical
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package. The top ten states of each indicator are
selected before and after adjustments for the correlation
analysis. Pearson's correlation and P-value are
determined before adjusting the indictors through the
population, and the rank correlation is determined after
adjustment. It is found that the values are in the range of
-1 to +1, which proves the indicators grouped and
adjusted are positively correlated. The level of an

importance checkbox is also added to the table to
explain how the indicators are treated with respect to
population and GDP. The level is selected based on the
impact of such indicators on sustainable transportation
concerning real-time factors. Table 13 below shows the
correlation values of indicators adjusted through the
population.

Table 13: Correlation values of indicators adjusted through population

Statistical Analysis Level of Importance
S. No. Indicators Pearsons RanK P-value H|gh to Medium to Low
correlation correlation Medium Low
1 Transportation Budget 0.462 0.81 0.179 a O
2 Automobiles 0.568 0.40 0.011 O
3 Ridership 0.472 0.64 0.582 O O
4 Carbon emission 0.303 0.18 0.069 ] O
5 Ethanol Consumption 0.311 0.93 0.035 O O
6 Gasoline consumption 0.314 0.36 0.020 O O
Transportation energy
7 consumption 0.310 0.24 0.013 O O

The transportation budget does not directly
relate to sustainability. The budget for the population is
essential to understand the requirement of implementing
policies and standards, Hence it of medium importance.
Carbon emissions contribute to environmental safety to
a greater extent, and hence it is of higher importance.

Gross Domestic Product plays a vital role and is
considered to be the primary indicator of the economic
health of a nation. Wealthier states tend to spend
relatively more money on their investments than weaker
states on GDP reflects the cost of living (Kimberly
Amadeo, 2013). Similarly, the correlation values of the

indicators are determined by adjusting through GDP.
Since budget and GDP are in the same units, the
budget is not adjusted through GDP. Table 2 shows the
correlation values for the indicators adjusted through
GDP. As population adjustment, the correlation values
are positive. When looking at the importance of
indicators, budget and ridership are not of high
importance when adjusted through GDP, whereas
consumption is of high importance. Hence the data
adjustments are proved to be the right way for the data
analysis to be continued.

Table 14: Correlation values for the indicators adjusted through GDP

Statistical Analysis Level of importance
S. Indicators Pearsor_fs Rank. P- High to Medium to Low
No. Correlation correlation value Medium Low
1 Budget NA NA NA O O O
2 Automobiles 0.888 0.18 0.001 O O
3 Ridership NA NA NA O O O
4 Carbon emission 0.056 0.18 0.743 O O
5 Ethanol Consumption 0.021 0.55 0.934 O 0
6 Gasoline consumption 0.056 0.43 0.778 O 0
Transportation ener
7 ansumption oy 0.871 0.23 0.001 o o

The table shows some interesting facts on the
positive correlation and their importance. The level of
importance varies when adjusted through population
and GDP. The correlation with GDP and transportation
budget cannot make any sense as both involve the
same units, which is U.S dollars. Similarly, the ridership
per GDP is not considered to be a better analysis by the
authors. The P-values are used to determine the testing
of significance between two indicators and thus lower
the p-value, higher the chance of correlation to be
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negative. It is noted that automobiles by GDP have
lesser P-value after adjustment, which can say the
correlation and the performance analysis can hit
different opinions on the outputs. The focus of this paper
is to prove that sustainable indicators are positively
correlated, which are grouped under BRECE, and this
research has a more significant potential of performance
analysis, including several indicators under different
categories.



XVI. CONCLUSION

Sustainability requires more comprehensive and
integrated planning, which accounts for a broad set of
economic, social, and environmental impacts, including
those that are difficult to measure (Litman, 2006).
Sustainable development of a state mainly depends on
how they conserve energy, land, and other natural
resources. The social and economic status of the state

varies often, and the energy use, consumption, and
production depend on the population of the state. Thus,
the strategy and combination of factors need to be
developed as a sustainable rating framework in order to
quantify the benefits rather than rating it through the
point system that still has several questions
unanswered. Figure 1 shows the positive correlation
values of the indicators.
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Figure 1: Correlation values of the indicators

The sustainable indicators are categorized into
conventional, comprehensive, and straightforward
patterns, which have their limitations with various real-
time factors (time and population). There is no evidence
of these indicators to be the right indicators of
sustainability though it is environmentally related. This
paper relates the sustainable indicators and proves
statistically that these are the efficient indicators that can
be used for analyzing the sustainable efficiency of the
transportation sector.

The main objectives of this state are met along
different sections of this paper, which includes
fundamental practices, impacts of three pillars,
sustainable indicators, and relationship among the
sustainable indictors. The next step of this research is to
understand more interrelationships of policies and
sustainable transportation systems and to create a
database technology where the user can populate the
data values to understand the sustainable performances
of their state. This can be further developed as a web-
based system and can be implemented on states,

counties, and cities for a more in-depth analysis of
sustainable performances.
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Seismic Hazard and Total Risk of Existing Large
Dams in the Marmara Basin, Turkey

Hasan Tosun

Abstract- Safety evaluation is a fundamental stage of existing
dams and their appurtenant structures, which have a high-risk
potential for downstream life and property. Turkey is a country,
which seismically settled at one of the most active regions in
the world, and earthquakes with high magnitude frequently
occur here. There are some regions, which are severely under
threatening of earthquakes. One of them is the Marmara
region with twenty-four million people. This region, namely the
Marmara basin, has at least forty-five large dams with different
types. This study considered nineteen of them to relieve their
seismic hazard parameters for all dam sites and total risk for
each structure. The study area is lying in a seismically, very
active part of Turkey. The southern part of the basin is
structurally cut by the North Anatolian Fault, which is a famous
structural feature that produces deathful earthquakes, and its
offshoots. The analyses have indicated that peak acceleration
widely ranges for the nineteen dam sites of this basin. The
total risk analyses have concluded that most of the dams in
the metropolitan area have high-risk classes and a significant
effect for public safety.

Keywords. dam, earthquake, seismic hazard, total risk.

I INTRODUCTION

he ratings of seismic hazard of the dam site and
Tthe risk potential of the structure are the main

factors acting on public safety for downstream life.
The peak ground acceleration, derived from the design
earthquake that produces the seismic loads, is a mainly
used criteria of the seismic hazard of a dam site. The
dam height, reservoir capacity, potential downstream
damages and evacuation requirements are the
parameters for assessing risk rating of the dam. Tosun
(2012) states that risk evaluation utilized the structure
characteristics and seismic hazard ratings separately.
According to Bureau (2003), the total risk factor for dam
structure should depend on together these two factors.
Recently, the ICOLD (2016) has published the guideline
for selecting seismic parameters for large dams.

Turkey is a country that desires to use land and
water resources effectively. The total number of large
dams constructed throughout the country is more than
1250. Most of them are of the embankment type.
However, the number of concrete and rolled-compacted
concrete dams increase recently. The dam design
engineers in Turkey think that embankment dams are a
suitable type for the sites having high seismic activity,

Author: Full Professor, Department of Civil Engineering, Osmangazi
University, Eskisehir, Turkey. e-mail: htosun@ogu.edu.tr

when well compacted according to the specifications.
However, the author states that strong ground shaking
can result in instability of embankments of the earth and
rockfills and loss of strength at the foundations,
especially for dams that are under near-source effect.
Author and co-workers have so many research studies
for the structures discussed in the basin and
neighboring areas (Tosun and Tosun, 2017a; Tosun,
2018; Tosun and Onder, 2018; Tosun et al. 2020). They
also studied on river basin risk analysis and seismic
hazard of large dams in Turkey (Tosun and Seyrek,
2010; Tosun, 2011; Seyrek and Tosun, 2011; Tosun,
2012; Seyrek and Tosun, 2013; Tosun, 2015; Tosun and
Oguz, 2017; Tosun and Tosun, 2017b).

The study considers existing large dams in the
Marmara basin, which covers lands around the Marmara
Sea in Turkey (Fig.1). This basin has a surface area of
2.31 million ha with a water yield resources of 8.3 billion
cum per year at the Northwest Anatolia. This study
deals with an assessment of seismic hazard and total
risk, and evaluates 19 large dams, which have a
hydraulic height between 10.1 and 109.0 m, in the
Marmara basin. Table 1 shows their technical
characteristics. There are twelve large dams in the
basin for providing domestic water to the Istanbul
Metropolitan area in which seventeen million people are
living. However, the existing dams in the Northern part of
the basin, which were constructed by the Istanbul Water
and Sewerage Administration, were excluded in this
study because of being lack of data.
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Table 1: Technical characteristics of dams considered for this study (DSI, 2016)

_ Hgight from Completed Volume of Volume pf

# Dam Aim (*) river bed Year Type (**) embanksment reser\gow

(m) (hm?) (hm?)
1 Alibey D+F 28.0 1983 EF 1.927 65.00
2 Armagan I 57.5 1999 RF 1.560 51.50
3 Atikhisar [+D+F 33.7 1973 EF 2.218 52.20
4 Bakacak | 50.0 1998 RF 2.200 139.00
5 Bayramdere [+D 56.0 2011 RF 1.000 18.45
6 Buyukgekmece D 10.1 1987 EF 1.718 172.45
7 Cokal [+D 57.0 2011 CFR 3.500 204.00
8 Darlik D 73.0 1988 RF 1.600 107.00
9 Elmali Il D 425 1955 CG 0.103 10.31
10 Gokce D 50.0 1989 EF+RF 0.133 21.71
11 Gokceada [+D 33.0 1983 EF 0.560 16.80
12 Kadikoy [+D+F 341 1973 EF 0.680 56.50
13 Kirazlidere D 109.0 1999 RF 5.200 60.00
14 Omerli D 52.0 1972 EF 1.650 436.53
15 Sazlidere D 23.0 1996 RF 1.780 131.50
16 Tasoluk I 65.0 2009 RF 1.700 79.40
17 Tayfur D 39.0 1985 RF 0.298 4.36
18 Umurbey | 81.0 2003 EF 2.400 24.56
19 YeniceGonen [+D+E+F 70.0 1997 RF+EF 2.400 227.04

(*) D: Domestic Water, E: Energy, F: Flood control, I: Irrigation and 1U: Industrial use
(**) CFR: Concrete faced rock, EF:Earthfill, RF:Rockfill and CG:Concrete Gravity

[I. METHODS OF ANALYSIS

Seismic hazard is the main factor acting on the
total risk of dam structures. The peak ground
acceleration (PGA) is the parameter to be used in
defining the seismic hazard of a dam site. For each dam
site, author identifies all possible seismic sources and
evaluates their potential in detail, as based on the
guidelines (Fraser, 2002) and the unified seismic hazard
modeling for the Mediterranean region introduced by
Jiminez et al (2001). The extensive surveys and a search
of available literature identify several energy sources to
analyze the seismic hazard of dams in Turkey. The
seismic hazard analyses also depend on the data
instrumentally recorded earthquakes that occurred
within the last 100 years. As summary, the study
considers seismic zones and earthquakes within the
area having a radius of 100 km around the dam site.

The seismic hazard study includes probabilistic
and deterministic analyses. For dam sites, design
engineers generally use the deterministic and
probabilistic seismic hazard analyses. The deterministic
seismic hazard analysis (DSHA) considers a scenario

© 2020 Global Journals

having a four-step process and provides a
straightforward framework for the assessment of the
worst ground motions. The probabilistic seismic hazard
analysis (PSHA) defines a framework for uncertainties to
identify and combine in a rational manner. DSHA takes
into account geology and seismic history to identify
earthquake sources and to interpret the strongest
earthquake with regardless of time. In comparison, the
PSHA considers uncertainties in size, location and
recurrence rate of earthquakes (Kramer, 1996;
Krinitzsky, 2005).

The study adopted various attenuation
relationships to calculate the peak ground acceleration
(PGA) acting on dam sites due to unavailability of strong
motion records. This study primarily taken into account
eight separate predictive relationships for horizontal
peak ground acceleration (Campbell, 1981; Boore et
al.1993; Ambraseys, 1995; Campbell & Bozorgnia,
1994; Boore et al. 1997; Gulkan & Kalkan, 2002; Kalkan
& Gulkan, 2004; Ambraseys et al. 2005). However, the
author excluded some data for the study because of
giving extreme values.



International Commission on Large Dams
(ICOLD) defined new terms, namely the Maximum
Credible Earthquake (MCE) and the Safety Evaluation
Earthquake (SEE), in its recently published documents
(ICOLD, 2016). However, this study considers
earthquake definitions given by Federal Emergency
Management Agency (FEMA).This organization defines
the Operating Basis Earthquake (OBE), the Maximum
Design Earthquake (MDE) and the Safety Evaluation
Earthquake (SEE) for different level of shaking (FEMA,
2005).In Turkey, there are so many examples analyzed
by using these definitions in the past. (Tosun and Savas,
2005; Tosun, 2006; Tosun, 2007; Tosun and Turkoz,
2007; Tosun et al. 2007a, 2007b and 2007c; Tosun,
2008; Tosun and Seyrek, 2012; Tosun, 2015; Tosun &
Tosun, 2017b). Recently, they pointed out that risk
assessment is an important aspect for dams and their
appurtenant structures (Tosun, 2019a; Hariri-Ardebeli et
al. 2020).

[11.  Seismic HAZARD ANALYSES

The analyses of seismic hazard in this context
consider all possible seismic sources for dam sites in
the Marmara basin based on the zonation map of
Turkey, prepared by The National Disaster Organization
and other Institutes for general use. The author and his
co-workers modified it to use for dam projects. They
considered seismic history and local geological features
to quantify the rate of seismic activity in the basin. The
detailed evaluation indicated that there are two-
separated seismic zones in the related area.

In Turkey, The National Geological Survey
released a new seismo-tectonic map to the public in
2013 (MTA, 2013). Fig.1also shows the study area on
the national seismo-tectonics model. The ICOLD (2016)
defined the near-field motion, which is ground motion
recorded in the vicinity of a fault.  This specification
suggested a correlation between the radius of near field
area and earthquake magnitude based on the cases in
West United States. The author established limits of
near-field motion for the investigation area. According
to this model, there are eight dams, which are under the
near-field motion. The model indicated that earthquakes
having a magnitude (Mw) between 5.6 and 7.5 can be
possible and the minimal distance to the fault segment
can range between 1.7 and 121.1 km in the basin. Five
existing dams considered in this study are under near-
field motion (Table 2).

The deterministic analyses indicate that peak
ground acceleration (PGA) changes within an
acceptable range when excluded five dams, which are
under the near-field motion. The PGA values range from
0.036g to 0.394g for the 50th percentile and from 0.061g
to 0.650g for the 84th percentile, respectively (Table 2).
The PGA data are very high for the Yenice-Gonen,
Tasoluk, Kirazdere, Gokce and Cokal dams. For Alibey,

Buyuk-Cekmece and Sazlidere dams, the PGA values
are also at a considerable level even if they are not
under near-field motion.

The probabilistic hazard analyses introduce
PGA values within a wide range. For MDE, those are
between 0.120g and 0.630g, while the same values
range from 0.102g to 0.509g for OBE. The PGA data for
OBE and MDE are high for the dams, which are under
near-field motion, mentioned above for deterministic
analyses. It is an impressive result that maximum PGA
values for OBE, MDE, and SEE belong to the Gokce
dam even if its energy source produces a moderate
magnitude earthquake (5.9 in Mw).The author thinks that
it probably depends on earthquake intensity. The
probabilistic hazard analyses also give critical values for
Cokal, Kirazdere, Tasoluk, and Yenice dams as given in
deterministic hazard analyses.
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Figure 1: Location of dams on the national seismo-tectonics model and the active fault map (Active faults-yellow
color: earthquake surface fracture, red color: Holocene fault, purple color: Quaternary fault, black color: possible
[ Quaternary fault)
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Table 2: Results of seismic hazard analyses

Deterministic Method * Probabilistic Method **

# Dam Mean PGA | Mean PGA OBE .
Minax Runin(km) + 50 + 84 ng MDE in g SEE
(%) (%) ing
1 Alibey 7.5 25.1 0.191 0.313 0.229 0.298 0.413
2 Armagan 6.5 1211 0.036 0.061 0.102 0.120 0.147
3 Atikhisar 6.5 40.1 0.098 0.163 0.200 0.243 0.300
4 Bakacak 6.6 18.2 0.153 0.255 0.302 0.380 0.492
5 Bayramdere 6.2 26.4 0.091 0.152 0.239 0.293 0.365
6 | Buyukcekmece 7.5 14.8 0.281 0.468 0.286 0.393 0.558
7 Cokal 6.3 2.7 0.327 0.540 0.509 0.639 0.825
8 Darlik 7.7 41.2 0.141 0.230 0.146 0.195 0.268
9 Elmali Il 7.5 27.3 0.178 0.292 0.210 0.285 0.394
10 Gokce 59 3.1 0.285 0.469 0.583 0.709 0.887
11 Gokceada 6.3 219 0.101 0.167 0.264 0.324 0.410
12 Kadikoy 6.3 22.5 0.120 0.198 0.276 0.344 0.441
13 Kirazlidere 6.7 5.3 0.329 0.544 0.433 0.560 0.747
14 Omerli 7.7 34.6 0.164 0.267 0.178 0.238 0.329
15 Sazlidere 7.5 23.0 0.205 0.335 0.225 0.306 0.428
16 Tasoluk 5.6 1.8 0.261 0.429 0.460 0.582 0.761
17 Tayfur 6.3 18.4 0.130 0.216 0.370 0.451 0.565
18 Umurbey 6.7 42.2 0.083 0.138 0.193 0.238 0.299
19 | YeniceGonen 6.6 1.77 0.394 0.650 0.391 0.513 0.702

[V. ToTAL RisKk ANALYSES

dams mentioned above are classified as hazard class IV

Throughout this study, the total risk analyses of
the basin considered the national specification (DSI,
2012). in which total risk factor depends on reservoir
capacity, height, evacuation requirement, and potential
hazard, and the Bureau method, which considers dam
characteristics, evacuation requirements and
downstream  damage potential.  The  national
specification adopted the ICOLD (1989) guidelines. The
Bureau method recommends four separate risk classes
ranging from | (low risk) to IV (extreme risk) as based on
the Total Risk Factor (TRF).

Table 3 summaries the total risk analyses of the
dams considered in the study. Five dams (Cokal,
Gokce, Kirazdere, Tasoluk, and Yenice-Gonen)
classified into extremely high hazard ratios with class
IV.In comparison, four dams (Alibey, Buyuk-Cekmece,
Elmali-ll and Sazlidere) have high hazard rating with
hazard class of Ill. Others are identified in classes of |
and Il (low to moderate hazard rating). The ICOLD
(1989) specification classified dams into hazard class IV
with hazard rating of extreme, if the PGA value is greater
than 0.25g and the energy source is closer than 10 km
from the dam site. According to this statement, five

with a hazard rating of extreme. Throughout study, most
dams, classified into hazard classes of lll and IV, have a
function to provide domestic water for the metropolitan
areas.

For nine dams classified into hazard classes of
[l and IV, the distance from the dam site to active faults,
given on updated seismic maps, ranges from 1.7 km to
27.3 km. The large dams of basins, which are under the
influence of the near-field motion, have been
constructed to very close to the North Anatolian Fault
Zone or its offsets passing through from south of the
investigation area.

According to DSI Guidelines, all dams with the
exception of one structure (Tayfur dam) are categorized
into Il and IV risk classes with a high and very extremely
high-risk rating. Following the Bureau's method, five
large dams are classified in risk class lll, high-risk rating,
while others are in the moderate risk ratio with class of Il.
The total risk analyses indicate that the solutions
obtained from the Bureau method are more rational than
those estimated by the DSI guidelines.
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Table 3: The total risk of dams considered for this study

Hazard Analysis Total Risk (ICOLD,1989) Total Risk (Bureau, 2003)
# Darm Class Hazgrd Risk Risk Risk ratio Risk Risk Risk ratio
Ratio factor class factor class
1 Alibey 1l High 30 1l High 223.30 1] High
2 Armagan I Low 30 I High 99.28 Il Moderate
3 Atikhisar | Low 24 I High 143.97 M High
4 Bakacak I Moderate 36 \Y Very high 137.55 Il High
5 Bayramdere [ Low 26 1l High 83.98 Il Moderate
6 Buyukgekmece 1l High 22 1] High 150.80 Il High
7 Cokal vV Extreme 36 Y Very high 141.14 1] High
8 Darlik I Moderate 32 \Y Very high 160.30 Il High
9 Elmali Il 1l High 32 \% Very high 180.20 1l High
10 Gokce Y Extreme 34 \Y, Very high 124.55 Il Moderate
1 Gokceada I Moderate 24 Il High 136.27 Il High
12 Kadikoy Il Moderate 24 I High 143.35 1] High
13 Kirazdere vV Extreme 34 v Very high 146.09 1] High
14 Omerli I Moderate 36 \Y Very high 217.0 Il High
15 Sazlidere 1l High 32 \Y% Very high 158.40 Il High
16 Tasoluk Y Extreme 34 Y Very high 116.85 Il Moderate
17 Tayfur I Moderate 16 Il Moderate 67.10 I Moderate
18 Umurbey I Low 26 Il High 134.82 1] High
19 YeniceGonen v Extreme 36 v Very high 214.06 M High

The TRF values range from 67.10 to 223.3
according to the Bureau method. There are five dams of
a risk class of Il and fourteen dams of a risk class of lll,
while there is no dam having a risk class of | in the
basin. In other words, seventy-four percent of total dams
are identified as a risk class of Ill with high risk ratio,
while the rest are being in class of Il with moderate risk
ratio.

V. DI1sCUSSIONS

There are so many small and large dams in the
Marmara basin, Turkey. Some of them, namely Alibey,
Buyuk-Cekmece, Cokal, Elmali-ll, Gokce, Kirazdere,
Sazlidere, Tasoluk, and Yenice-Gonen, has mainly been
built for providing domestic water and located in the
metropolitan area. These dams have been discussed in
more detail in the papers submitted in the local
symposiums held in Turkey (Tosun and Onder, 2018
and Tosun, 2019b). The dams, categorized into hazard
class of lll and IV with high to extremely high hazard
ratio and into the total risk of Il with high-risk ratio, can
cause very serious conditions for downstream life and
property when they fail. The author evaluates their
earthquake safety and total risk in more detail as given
below.

Alibey Dam, located on Alibey river in the
Marmara basin, is an embankment dam 28.0-m high
with a total embankment volume of 1 927 000 m3. The
facility will impound 65.0 hm3 of water with a reservoir

© 2020 Global Journals

surface area of 4.75 km2 at the maximum water level. It
provides domestic water with an annual capacity of 33.0
hm3. The side slopes of the main embankment are
2.0H:1V  for both upstream and downstream
(H=horizontal and V=vertical)). In the section, there are
a central impervious zone, which is composed of
impervious clay, and a transition section of granular
materials to protect the central impervious clay. The
shell fill in downstream and upstream parts is composed
of semi-pervious clayey material. The geotechnical
engineers designed vertical sand drains to provide
quick-consolidation of the clayey layer of soft alluvium
on the river bed. The analyses indicate that this dam is
one of the more critical structure within the Istanbul
Metropolitan Area. According to DSHA, the peak ground
acceleration resulted by an earthquake of 7.5
magnitudes is 0.191g. As based on PSHA, the values of
peak ground acceleration for OBE and MDE are 0.229g
and 0.298g, respectively. It is 25.1 km far away from an
active fault given in the new seismo-tectonic map of
Turkey adopted in 2013.The dam, identified a risk class
of Ill, hasa TRF value of 223.3. The 37-years old
embankment is in excellent condition. However, the
author recommends its seismic upgrade soon.
Buyuk-Cekmece dam is an earthfill dam located
in the Istanbul Metropolitan Area. It has only a 10.1 m
height from the river bed, however, its total storage
capacity is relatively high. When the reservoir is at
maximum capacity, the facility impounds 172.5 hm3 of



water with a reservoir surface area of 28.58 km2. It
provides domestic water with an annual capacity of 82
hm3 for the European part of the Istanbul metropolitan
area. The crest length is 2 476 m, and the side slopes of
main embankment are3.0H:1V for both upstream and
downstream side (H=horizontal and V=vertical). In the
section, there are a central impervious core, which is
composed of compacted impervious clay, and a
transition section of sandy and gravelly aggregates
between the core clay and semi-pervious soils. The
alluvium on the river bed, which is composed of different
sizes of river bed material, was removed before
beginning the construction of the main embankment of
dam. According to the DSHA, the peak ground
acceleration by an earthquake of 7.5 magnitudes is
0.281g. The PSHA indicates that the values of peak
ground acceleration for OBE and MDE are 0.286g and
0.393g, respectively. The dam embankment is only 14.8
km far away from an active fault given in the new
seismo-tectonic map of Turkey adopted for 2013.The
dam, identified as a risk class of lll, has a TRF value
0f150.8. This 31-year old earthfill dam is in excellent
condition, but it cannot meet current seismic design
standards. Additionally, it is relatively close to the energy
source.

Cokal dam, located at the European part of the
Marmara basin, was designed as the type of concrete

faced rockfill dam (CFRD). It impounds 204.0 hm3 of
water at maximum water level and has 81 m height from
the foundation and 571 m length on the crest. The dam
body is mainly composed of rockfill material. There is a
transition section between the face concrete lining and
rockfill. The side slopes are 1.4H: 1V for upstream and
downstream of dam body (Fig.2). The impervious
section consists of the concrete slab and the plinth
structure on the downstream face. The alluvium on the
river bed, which is composed of sandy and gravelly
clay, was removed before commencing the construction
of the dam body. According to the DSHA, the peak
ground acceleration resulted by an earthquake of 6.3
magnitudes is 0.327g as based on PSHA, the values of
peak ground acceleration for OBE and MDE are 0.509¢g
and 0.639g, respectively. The dam is only 2.7 km far
away from the main faulting system, which has a surface
rupture of the North-Anatolian Faulting System in the
west. The dam, identified as a risk class of Ill, has a TRF
value of 141.1. Intensive investigations showed that the
behavior of CFRD’s is questionable after the Wenchuan
earthquake of 12 May 2008 in China (Tosun, 2015).
Cokal dam is one of most critical structures of the
Marmara basin. Therefore, it should be re-analyzed
using sophisticated programs to describe its dynamic
behavior under severe excitation conditions even if it is a
young dam.
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Figure 2: Maximum cross-section of Cokal dam

The Elmali-ll dam is a unique rigid-typed
structure of the basin with a volume of 0.10 hm3 of
concrete gravity body. The dam, located on the Goksu
river in the Anatolian part of Istanbul Metropolitan Area,
has 65-years old. Its height from river bed is 42.5 m. At
the maximum water level, the facility will impound 10.31

hm3 of water with a reservoir surface area of 42 km2. lts
function is to provide domestic water for Istanbul city.
The seismic hazard analyses indicate that this dam is
one of safe structures within the Marmara basin. The
peak ground acceleration produced by an earthquake of
7.5 magnitudes is 0.178g, and it is 27.3 km far away
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from an active fault. The PSHA indicates that the values
of peak ground acceleration for OBE and MDE are
0.210g and 0.285g, respectively. Its TRF value is 180.2,
and it has a risk class of Ill. The Elmali-ll dam, which is
the oldest one of the dams considered for this study is
in excellent condition. However, it is necessary to have a
seismic upgrade for the dam soon.

Gokce dam is an earth-rockfill typed with a total
embankment volume of 133 000 m3.The 50-m high
dam, located on the Gokce river in Marmara basin, has
a function for providing domestic water of Yalova city
and its vicinity. The facility approximately will impound
21.71 hm3 of water with a reservoir surface area of 1.3
km2 at the maximum water level. The crest width is 10
m, and the side slopes of main embankment are
3.0H:1V for upstream and 2.0H: 1V for downstream
(H=horizontal and V=vertical). In the section, there are
a central impervious core, which is composed of
compacted clay, and a transition section of sand, gravel
and small-sized crushed rock between the core and
rockfill materials for the downstream part and a natural
filter zone between the core and earthfill material for the
upstream. The downstream shells consist of large-sized
crushed rocks. The DSHA and PSHA indicate that
Gokcedam is one of the most critical dams within the
basin. The DSHA indicates that the peak ground
acceleration produced an earthquake of 5.9 magnitudes
is 0.285¢g, and its embankment is 3.1 km far away from a
secondary active fault given in the updated seismo-
tectonic map of Turkey. According to PSHA, the values
of peak ground acceleration for OBE and MDE are
0.583g and 0.709g, respectively. Its TRF value is 124.6,
and the 31-years old dam has a risk class of Ill with high
risk ratio.

Kirazdere dam is a rockfill dam on the Kirazdere
River within the Kocaeli Metropolitan area. It has a 109.0
m height from river bed. When the reservoir is at
maximum capacity, the facility impounds 60.0 hm3 of
water in its reservoir. The dam, finished in 1999, has a
function to provide domestic water with an annual
capacity of 142 hm3. According to the deterministic
seismic hazard analyses, the peak ground acceleration
produced by an earthquake of 6.7 magnitudes is
0.329g. lts embankment is 5.3 km far away from the
main segment of the North Anatolian Fault Zone given in
the updated seismo-tectonic map of Turkey. According
to PSHA, the values of peak ground acceleration for
OBE and MDE are 0.433g and 0.560g, respectively. The
Kocaeli Municipality operates it. This 21-year old rockfill
embankment is in excellent condition, but it cannot meet
current seismic design standards. It will be under near-
field motion during a forthcoming earthquake. Its TRF
value is 146.1, and it has a risk class of Ill with high risk
ratio. Its risk increases because of being no alternative
water resources in the region.

Sazlidere dam is a rockfill dam on the Sazlidere
River near Arnavutkdy County. It has a 23.0 m height

© 2020 Global Journals

from river bed. When the reservoir is at maximum
capacity, the facility impounds 131.50 hm3 of water with
a reservoir surface area of 11.77 km2. The dam, finished
in 1996, has a function to provide domestic water for the
Istanbul city with an annual capacity of 55.0 hm3. The
crest length is 435 m, and the side slopes of the main
embankment are 2.25H:1V for upstream and 2.0H: 1V
for downstream (H=horizontal and V=vertical). In the
section, there are a central impervious core, which is
composed of compacted impervious clay, and a
transition section of sandy and gravelly aggregates
between the core and finely crushed rockfill. According
to the DSHA of this study, the peak ground acceleration
produced by an earthquake of 7.5 magnitudes is 0.205
g, and its embankment is 23.0 km far away from an
active fault given in the updated seismo-tectonic map of
Turkey. The PSHA indicates that the values of peak
ground acceleration for OBE and MDE are 0.225g and
0.306g, respectively. Its TRF value is 158.4, and it has a
risk class of Ill. This 24-year old rockfill embankment is
in excellent condition. Its reservoir is under the influence
of the Istanbul Canal Project to be realized in
forthcoming years.

The Tasoluk dam, constructed as rockfill type
with embankment volume of 1.7 hm3 on the Tasoluk
River of the Marmara Basin in Canakkale province, has a
65-m height from the river basin. The facility impounds
79.4 hm3 of water when the reservoir is at maximum
capacity. The dam, finished in 2009, has a function to
provide irrigation water. The side slopes of main
embankment are 2.0H:1V for upstream and downstream
(H=horizontal and V=vertical). In the section, there is a
central impervious core, which is composed of
compacted clay, and a transition section of granular
material between the core and fine crush rock zone
materials for both sides (Fig. 3). According to the
seismic hazard analyses of this study, Tasolukdam is
one of the most critical structures of Marmara basin that
the peak ground acceleration by an earthquake of 5.6
magnitude using the DSHA is 0.261g. The PSHA
indicates that the values of peak ground acceleration for
OBE and MDE are 0.460g and 0.582g, respectively. Its
TRF value is 116.9, and it has a risk class of lll. Dam
site is 1.8 km far away from an active fault.
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Figure 3: Geometry of Tasoluk dam

The Yenice-Gonen dam is a zoned earth-rockfill
dam on the Gonen River near Yenice County, located in
the southern portion of the basin. It has a 78-m height
from the foundation. It has a reservoir volume of 227
hm3 with a surface area of 15.4 km2. Its crest length is
293 m. Its embankment construction was started in
1993 and completed in 1997. It was designed a multi-
purpose structure for irrigating lands, producing
electricity, supplying domestic water, and providing
flood control. It is an earth-rockfill dam with a central
core. The slopes are 3.0H:.1V for both sides
(H=horizontal and V=vertical). The shell is composed of
earth and rockfill materials for upstream and
downstream, respectively. There is a transition section
of sand, gravel, and small-sized crushed rock between
the core and shell materials (Fig. 4).The alluvium on the
river bed, which is composed of sand, gravel and fine
mixtures, was removed before beginning the
construction of the main embankment of the dam. The
dam axis is very close to the Yenice-Gonen Fault Zone
(YGFZ), which extends from Gonen East in the
Northeast to Yenice's Southwest in the southwest. This
fault zone caused an earthquake on March 18, 1953,
with a magnitude of 7.2. It is only 1.71 km far away from
the surface collapse of YGFZ. The seismic hazard
analyses indicate that it is one of the critical dams within
the basin. The peak ground acceleration produced by
an earthquake of 6.6 magnitudes is 0.394 g. It is

only1.77 km far away from the active fault. Moreover, its
risk is high for downstream life (total risk factor is 214.1
with high-risk ratio).
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Figure 4: Maximum cross-section of Yenice-Gonen dam

VI.  CONCLUSIONS

For this study, nineteen large dams, located on
different seismic zones of the Marmara basin, were
analyzed to estimate their seismic hazards and risk
classes based on the actual earthquakes occurred
within the basin and structural features of dams. The
North Anatolian Fault zones and its secondary
segments are the most critical zone for the basin. There
are five existing dams under the near-field motion when
considered the new seismo-tectonic map of Turkey. The
analyses indicate that Cokal, Gokce, Kirazdere, Tasoluk,
and Yenice-Gonen dams are the most critical dams of
the basin.  Additionally, four large dams (Alibey, Buyuk-
Cekmece, Elmali-ll, and Sazlidere), possessing the
hazard class of Ill with high hazard ratio, are also critical
dams in the Marmara basin. As a result of this study,
47.4 percent of the dams have been identified as the
structures in high and extremely high hazard ratios. In
comparison, 31.5 percent of dams is in a moderate
hazard ratio. The rest are relatively safe structures when
we consider public safety. The author points out that
local predictive relationships are an appropriate
methodology for estimating the seismic parameters to
be used in dynamic analyses. The study clarifies another
fact that probabilistic seismic hazard analysis introduces
relatively higher PGA values for the dams having high
earthquake intensity. Development of attenuation
relationships between PGA values obtained from
probabilistic and deterministic seismic hazard analyses
as considering earthquake intensity can be an
promising area for forthcoming studies.
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Geometrical Characteristics of the Surfaces on
Trapezium-Curved Plans

Dr. V N Ivanov® & Imomnazarov T.S°

Abstract- At the article “Orthogonal curved coordinate system
and forming the surfaces on trapezium plans” [1] there is
given the method of forming of the orthogonal curved
coordinate system at the plane and the methodic of forming of
the new forms of the surfaces on the given trapezium curved
plans. At the article there are given many pictures of the
trapezium curved plans on the base of the different directrix
curves and the figures of the surfaces on the given trapezium
curved plans and the combinations of the surfaces with
conjugated different directrix. The given methodic of the
forming of the surfaces may be used in architecture and
building for development of thin-walled space constructions in
urban and industry building. But for calculation of stress-strain
state of thin shell usually there are used the geometrical
characteristics of the middle surface of the shell. At this state
on the base of the vector equation of the surfaces on the
trapezium curved plans there are received the formulas of the
coefficients of the fundamental forms and of the curvatures of
the surfaces. There are given the examples of the surfaces
and there are received the formulas of the coefficients of the
fundamental forms and curvatures of the surfaces with
concrete directrix and functions of vertical coordinates of the
surface.

Keywords: plane curve, orthogonal curved coordinate
system at the plane, trapezium-curved plan, vector
equation of the surface at the trapezium curved plans,
geometrical coefficients of the fundamental forms of the
surface, curvatures of the surface.

l. [NTRODUCTION

=" quation of the surface on the trapezium-curved
=== plan, coefficients of quadratic forms of the
e SUMTACE.

The orthogonal curved system of coordinates at
the plane there is formed by the system of the straight
lines orthogonal to the plane base curve
ro(u)=x(u)i+ y(u)j Fig. 1).

So, the curved-orthogonal coordinates there are
organized by the system of the equidistant curves
parallel to the based curve and the system of the
straight lines orthogonal to the system of the
equidistant curves.

The equation of the curved coordinate system
r(u,v)=ry(u)-vv , (1)

V is a normal to the base curve, v is the
coordinate of the generating curves along the normal to
the base curve.

The positive direction of the coordinate of
straight lines there is taken to the side of the convexity of
the base curve, because in the direction of the concavity
the straight lines may to cross.

R ]

- \ |

r(uv) —<4_ //——3—/—"—7

//‘<\ // e ,z- //
J/ ¥ D= ___ 0L
N Y
/
\\\\ // v
>~/ /rou)
J
] X

Fig. 1: Pseudo-polar coordinate system

Assigning some function of vertical coordinate
z(u,v), we receive the vector equation of the surface

p(u,V) on the base curved-orthogonal coordinate
system at the plane

p(u,v)=ro(u)-vv+z(uvk. @)

For deduction the formulas of the coefficients
it's necessary to receive the derivatives of the vector
equation and to use the formulas of the classic
differential geometry [2];

ro=s't; s'=|rgl; T'=skv=kv; k =sk; v'=—k. (3)

Then receive:

p, =(s"+Vk )+ 2,k;

p, =-v+z,k. (4)
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The coefficients of the first fundamental forms:

E=(p,p,)=(s"+Vk, ?+27: G=(p,p,)=1+27; F=(p,p,)=2,2,. (5)
The unit normal vector of the surface
1 1
M=, xpy) = 275"+ vk, Nz v +K), ©

%> =+EG-F? = |(p2 X pvl = \/(s' + VK, )2(1+ Zf)+ 22 is a discriminant of the surface.

The second derivatives of the equation:

Puy = (8" + VK. )T +(s"+ VK Kgv+ 2,k ;

The coefficients of the second fundamental form:

pu =kt+2z,k; py =2,k (7)

(s"+Vk )z, +(s"+ VK ksz, —(s"+ VK )z,

L:(puum):

N = (pm)= e e

The curvatures of the surface:

M =

by

(puvm) __ Zy ks — (;’ + Vks )Zuv . 8)

L (s"+Vk! )z, +(s’+vks)2kszv —(s"+ vk )z

k: =

u

E
_ E — (S’ +Vks)zvv .

YOG

The coordinate system of the investigated
surfaces isn’'t orthogonal and isn’t conjugated in

common, as the coefficients F,M =0 and the

coordinate system of the surfaces isn't the lines of
principle curvatures of the surface.

The investigated system of the surfaces is
related to the class of normal surfaces [4-6] — the
surfaces with the system of plane coordinate lines
(generating curves) at the normal plane of the directrix
curve. At the works [4, 5] there was shown, that only for

E=(s'+Vk,)*; G=(p,p,)=1+22; F=0; ==(5"+vk W1+22

Z[(s’ +vk, ) + sz

M — 7,k — (s + VK, )z,

siez?) Y JEG Z[(s’+vks)2 +22 Ml+ 22)

©)

two kinds of normal surfaces the system of generating
curves is the system of principle curvatures: 1- surfaces
of rotation — directrix is a straight line, generating lines
are circles; 2 — normal surfaces with the system of non-
changed generating curve. This type of surfaces is
related to the Monge's surfaces [5, 7-10].

If z=z(v) — the generating curve doesn’t change
during moving in normal plane of the directrix
(z,=z,,=0), there will be received the Monge’s
surfaces:

v o

I_=(s'+vks)kszv NI w0
\1+122 V14122
k, == Zw (10)

The coordinate system of the Monge’s surfaces
is lines of principle curvatures of the surface.

If the generating curve will be a straight line
Z =Vtgo (0 is an angle of slope of generating strait line

© 2020 Global Journals

WL VI,
(s'+kaMl+zf‘ ’ (1+2V2)3/2

to the plane of base curve), then there will be received
the torus surface of constant slope [10-12]. Then we'll
receive:



1 s"+vk
7, =tg0: z, =0 1+22= Y= s
A g \\"% \" Cosze Cose

Ksz,sin®

E=(s'+vk,); G= 1 L=(s"+Vk Kk, sin®; N=0; k== o
S

_ , k,=0. (11
cos? 0 ?

If the angle of slope of the generating strait line 6=0, z=0, then will be received the trapezium- curved plate:

E=(s'+vk,)’; G=1. L=N=0; k—k,=0. (12)

A1
\
\Ll

Fig. 2: Surface with ellipse directrix and sine generating curve

The geometric characteristics of surfaces with concrete directrix and generating curves will be received on
the base of the common formulas of coefficient of the surfaces on trapezium-curved plans (3-11). On the fig. 2 there
is shown the surface with ellipse as directrix and generating sine with linier change of its amplitude:

ro(u)=X(u)i+Y(u)j; X(u)=acosu; Y(u)=bsinu; z(u,v):czisinn%;
T
Uu=0+2r; v=0+d,

¢ is maximum amplitude of sine curve; d is the width of trapezium curved plan.

Determine parameters of the directrix ellipse and derivatives of generative curve:

s'=VX'2+Y'?2 =a/n; n=sinu+e?cos?u; 829; s":%%;
a n

n = (1+ sz)sin 2u;

k=X,Y j3X’Y _ 2/2; ks=S'k=£: k;:_%n,:_8<1+82)SIn22u;
S an n n n
Z —isinnl- z,=0; z ——COSTcl' Z —iucoml- Z ——C—nusinnl
Y 2n d- " W 2 d 7V 2 I d’

Coefficients of the fundamental forms:
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4r d 4d? d 8rd

2 2 2
= |lafn+vE 1+C—2u2c052n1 +C—25in2n1 -
n 4d d) 4rn d

2 2 2 2
€ ¢, v c v c
Ez(a n+v—j +——sinn— ; G=1+——u’cos’ n—; F:—usm2na
n

1+e?( a VoL v e) eu v
+e— [sin2usint—+|ayn+V—| ——COST—-
d n) dup

n (2sin2u n d
L =(p,m)=c > ;
2%
€ .V le
S a\n+v_ lusinz - ——smn +— a\/_+v cos
S cn n d TN d
= 2d z 22
On the fig. 2 there is shown the Monge’s surface with evolvent of the circle as directrix:

- . . .V
£ X (u)=a(cosu +usinu); Y(u)=a(sinu—ucosu) and generating sine z =bsin—; u = (1+5)n;
2 v=0=+d;
5
<
>
g —
o
V0]
g
V0]

Fig. 3: Evolvent-sine Monge’s surface

b is an amplitude of the sine, d is width of the sine (surface).
Parameters of directrix and generating curve:

Global Journal of Researches in En

Coefficients of the fundamental forms:

© 2020 Global Journals



2 b2 2V b2 2V
E =(au+v)* G:(pvpv):1+d—2cos E;Z=(au+v) 1+FCOS e

b(au +v)cos bsin
L= d . N=- d .
2 2
d\/1+bzcoszv dz\/1+bzcoszv
d d d d
bcos:j/ bsin:j/
ky == )7 Ky =— = 377 (13)
d(au +v) 1+~ cos? ¥ 21,0 2V
( )\/ 42 q d (1+d2cos d]

On fig. 4 there is shown the torus surface of constant slope with Bernoulli’s lemniscate as directrix:

il

Fig. 4: Lemniscate surface of constant slope
X(u)=aR(u)cosu; Y(u)=aR(u)sinu;
R(u)=+2cos2u, u=(-1+1rn/4.

S':Z—a ; k:§—; k. =3.
R(u) 2
The coefficients of fundamental forms and the curvatures of the surface:
2 .
E=| -2 43|, 6=—1 . 1=3-2 ;a]sine. (3 RWsing o
R(u) cos® 6 R(u) 2a+3R(u)v

Let us consider the linier surfaces which aren’t surfaces of constant slope.
On fig. 5 there are shone wavy linear surfaces with different directrix curves.
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Fig. 5: Wavy linear surfaces with different directrix:
a — sine, b — hyperbola, ¢ — parabola, d —cycloid, e - ellipse

The generating straight line at its moving along directrix made a wavy motion at the normal plane of the
. T

directrix: a) z(u,v)=v(c+d costu) or 6) z(u,v):v(c+d smtu), t= pA—, Au =uU, —U, is a diapason of
u

coordinate v=(u,=+ u,); p is a number of half waves of oscillation of the generating straight line; c=tg6, 6 is an angle
of the generating line, around which it made the oscillations:

a) z, =—dtvsintu;z,, =-dt?vcostu; z,=c+dcostu; z, =-dtsintu; z, =0;

6) z,=dtvcostu;z, =—dt?vsintu; z,=c+dsintu; z,, =dtcostu z, =0. (15)
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At the left row of the fig. 5 =0, at the right row 0 # 0.

The coefficients of the fundamental forms and curvatures of these surfaces are determined on common
formulas (4-9) with using formulas (19) and the fact that N=0, k,=0.

If to take cycloid as the directrix (fig. 5,d) X(u)=a(u-sinu), Y(u)=a(l1-cosu), U = (0+ 27t), we'll receive:

s'=2asin(u/2); s"=acos(u/2); k=—"—~; k,==

! 1; ki =0;

dasinu/2) ° 2

2
E= [Zasin(u / 2)+%j +(dtv)?cos®(tu); G=1+(c+dsintu)’; F = —dtv(c+d sintu)sintu ;

Y=

L =| adtvcos®(u/ 2)+ (Za sin(u / 2)+§

M=—

vjz c+d costu

dt v(sintu—costu)—4asin(u/ 2)costu

(Za sin(u/2)+ %jz +(dtv)? cos?(tu) [1+ (c+d sintu)z]— [dtv(c+d sintu)sintu]?

- (Za sin(u/ 2)+ detzv costu |+
2 2 )y

2
[I. CONCLUSION

The surfaces on the trapezium curved plans are
formed by the moving of some generating curve at the
normal plane of directrix curve. The generative curve
may change its form when it is moving along the
directrix, but has the constant wide of the plan. At the
article there is received the vector equation of the
surfaces on trapezium curved plans. On the base of the
vector equation there are received the coefficients of the
fundamental forms and the curvatures of the surfaces. If
the function of vertical coordinates depends on
coordinate parameter of the directrix (the form of
generating curve changes at moving along the directrix),
then the coordinate system of the surface isn’t
orthogonal and isn’t conjugated. If along directrix there
moving unchangeable curve then the coordinate lines of
the surface are lines of principle curvatures and this type
of surfaces is applied to the class of Monge’s surfaces
[5, 7-9]. On the base of common formulas there are
received the formulas of geometric characteristics of the
Monge’s surfaces. If at the normal plane of the directrix
there is moving a straight line with the constant slope to
the directrix plane, then there will be received the torus
surface of constant slope. Those type of surfaces
belong to the class of Monge’s surfaces as well.

On the base of common formulas of
investigated class there are received the formulas of the
surfaces and their geometric characteristics of the
surfaces with concrete directrix and generating curves,
as for surfaces of common type and so for Monge’s
and surfaces of constant slope. The using of common
formulas made more simple the proses for receiving

; N=0. 15
S (15)
formulas for concrete surfaces. For every investigated
surface there are given their figures.

Also there was investigated the type of wavy
surfaces formed by the generating straight line which
make oscillations at the normal plane of directrix. There
are received the formulas of the geometric
characteristics of this type of surfaces and given the
figures of wavy line surfaces with some directrix lines.

The figures of the surfaces were made with
using of vector equations of the surfaces in the
“MathCad” system [5, 13]
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An Experimental Study on the Strength
Properties of Geopolymer Bricks

Sudhikumar G S

Absiract-This paper presents the experimental investigation by
partial replacement of fly ash by GGBS on geopolymer bricks.
The bricks were of a standard size of 190 mm x 90 mm x 90
mm. In this investigation, a geopolymer brick was prepared by
the partial replacement of fly ash by GGBS (50:50), fine
aggregates, and six molar concentrations of sodium hydroxide
and sodium silicate (Na,SiO,) solution were used as an
alkaline solution with a mass ratio of Na,SiO5/NaOH of 2.5.
The geopolymer bricks were kept open to the atmosphere for
24 hours. The geopolymer brick specimen was tested for
water absorption and compressive sirength. The strength of
the masonry depends on the strength of the component of the
masonry such as bricks and cement mortar. Triplet shear
bond and Single shear bond strengths was calculated. The
test results showed that the compressive strength increases
with 100% replacement of GGBS with fly ash. Since the
minimum compressive sirength of brick is limited to 3.5 N
/mm?, a 50% replacement of GGBS with fly ash was studied
for all the tests.

Keywords. alkali solution, fly ash, GGBS, geo-polymer,
sodium hydroxide, sodium silicate.

l. INTRODUCTION

asonry is constructed with bricks and mortar.
M Masonry walls are cheap, and have good sound

and insulation properties. The surface
characteristics of the brick may not influence the bond
between the bricks. Venumadhava Rao et al. 1995 made
a preliminary study on the influence of bond strength on
the compressive strength of masonry. Goodwin and
West (1992) McGinley (1990) suggested that both the
mortar quality and the surface absorption criteria of the
masonry unit are the most significant parameters in
developing good bond strength.

[I.  OBJECTIVES

This experimental study has aimed at following
objectives

e To produce Geopolymer bricks with partial
replacement of Fly ash by GGBS (50:50)

e To determine the percentage of water absorption
and compressive strength of Geopolymer bricks (Fly
ash to GGBS, 50:50) and compared with the locally
available burnt clay bricks.

Author: Professor, Department of Civil
Channabasaveshwara Institute of Technology, Gubb.
e-mail: sudhikumar.gs@citturnkur.org

Engineering,

e To determine Triplet shear and shear bond strength
of Geopolymer bricks (Fly ash to GGBS, 50:50) and
compared with the locally available burnt clay
bricks.

[1I.  METHODOLOGY

e Geopolymer bricks were prepared with partial
replacement of Fly ash by GGBS varying from 0 to
100%.

e (Compressive strength was determined for all
replacement for Fly ash - GGBS (50:50). The
minimum compressive strength of burnt clay bricks
(35 N / mm? was taken as the base for further
tests.

e The water absorption test is carried out for burnt
clay and Geopolymer bricks Fly ash- GGBS (50:50).

e Triplet shear and Shear bond strength is carried out
for burnt clay and Geopolymer bricks, Fly ash by
GGBS (50:50).

IV.  MATERIAL PROPERTIES

Clay bricks and a Geopolymer fly ash brick
partially replaced by GGBS was used to study the
strength  properties of the masonry unit. The
compressive strength  of burnt clay brick and
Geopolymer bricks ( varying percentage of GGBS
replaced to fly ash), are being presented in Table 1 & 2,
The water absorption of burnt clay brick and
Geopolymer bricks (Fly ash: GGBS, 50:50) are shown in
Table 3 & 4. Comparison of water absorption of burnt
clay bricks and Geo-polymer bricks (Fly ash: GGBS,
50:50) are shown in Fig 1, Triplet shear bond strength
with 1.6 cement mortar of burnt clay brick and
Geopolymer bricks (Fly ash: GGBS, 50:50) are tabulated
in Table 5 & 6, Comparison of triplet shear bond
strength of burnt clay bricks are shown in Fig 2 and
Shear bond strength with 1:6 cement mortar of burnt
clay brick and Geopolymer bricks (Fly ash: GGBS,
50:50) are being presented in Table 7 & 8. Comparison
of Shear bond strength of burnt clay bricks and
Geopolymer bricks (Fly ash: GGBS, 50:50) are revealed
in Fig 3.
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TABLES AND FIGURES

Table 1. Compressive strength- Burnt clay bricks

3. No Size of burnt clay Area Load Compressive coﬁ:’s::ss;;ve
. . . 2 2
bricks (mm) (mm?) (KN) strength (N / mm?) Strength (N/mm?)
1 112 5.09
2 126 5.72
3 098 4.45
4 (220 x 100 x 75) 22000 126 573 5.25
5 116 5.27
Table 2: Compressive strength- Geopolymer bricks (Fly ash: GGBS, 50:50)
Sl. No. Fly ash: GGBS Average compressive strength (N / mm?)
1 100 : 00 00.87
2 90:10 01.35
3 80: 20 02.04
4 70:30 02.45
5 60 : 40 03.50
6 50 : 50 03.97
7 40 : 60 04.50
8 30:70 04.93
9 20: 80 06.04
10 10:90 06.60
11 0:100 07.45
Table 3: Water absorption test - Burnt clay bricks
Dry weight Wet weight S Avg. water
SI. No. (Ka) (Ka) Water absorption (%) absorption (%)
1 3.48 3.15 10.47
2 3.43 3.1 10.28
3 3.40 3.12 08.97 9.69
4 3.45 3.15 09.52
5 3.41 3.12 09.23
Table 4. Water absorption test - Geopolymer bricks (Fly ash: GGBS, 50:50)
Sl | Dry weight (Kg) | Wet weight (Kg) | Water absorption (%) Avg. water
No. fy weight (£9 ght ("9 P ° absorption (%)
1 3.01 3.28 8.97
2 3.00 3.24 9.66
3 2.96 3.24 9.66 9.1
4 3.02 3.32 9.93
5 2.97 3.26 8.89
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Fig. 1. Comparison of water absorption of burnt clay bricks and Geo-polymer bricks (Fly ash:GGBS, 50:50)

Table 5: Triplet shear bond strength — Burnt clay bricks

Sl Load Size of brick Area of brick Shear bond Avg. shear bond
No. (KN) (mm) (mm? strength strength  (N/mm?)

1 2.80 0.063

2 3.00 0.068

3 2.90 (220 x 100 x 75) 22000 0.065 0.064

4 2.80 0.063

5 2.79 0.063

Table 6: Triplet shear bond strength of Geopolymer bricks (Fly ash: GGBS, 50:50)

Sl L Size of brick Area of brick Shear Avg. shear bond

No. oad (KN) (mm) (mm?) bond strength  (N/mm?)
strength

1 3.8 0.172

2 3.7 0.168

3 3.6 (220 x 100 x 75) 22000 0.163 0.168

4 3.7 0.168

5 3.8 0.172
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Fig. 2: Comparison of Triplet shear bond strength of Burnt clay bricks and Geo-polymer bricks

(Fly ash: GGBS, 50:50)
Table 7: Shear bond strength — Burnt clay bricks

sl No Load Size of brick Area of brick Shear bond Avg. shear bond
e (KN) (mm) (mm?) strength strength  (N/mm?)
1 0.8 0.106
2 0.8 0.106
3 0.9 (220 x 100 x 75) 22000 0.120 0.114
4 0.9 0.120
5 0.9 0.120
Table 8: Shear bond strength of Geopolymer bricks (Fly ash: GGBS, 50:50)
Sl No Load Size of brick Area of brick Shear bond Avg. shear bond
o (KN) (mm) (mm?) strength strength  (N/mm?)
1 3.8 0.222
2 3.7 0.216
3 36 (220 x 100 x 75) 22000 0.210 0.217
4 3.7 0.216
5 3.8 0.222
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Fig. 3: Comparison of Single shear bond strength of Burnt clay bricks and Geo-polymer bricks
(Fly ash: GGBS, 50:50)

VI.  CONCLUSIONS

e |t was observed that the compressive strength of
Geopolymer bricks with partial replacement of Fly
ash with GGBS increases up to 100%. The
compressive strength of burnt clay brick is 3.5 N/
mm?; the substitute of fly ash to GGBS is (50:50).

e It was observed that the percentage of water
absorption of Geopolymer bricks is 5.90% less than
the ordinary burnt clay bricks.

e |t was observed that the triplet shear bond strength,
with 1:6 cement mortar, strength of Geopolymer
bricks was 62% greater than ordinary burnt clay
bricks.

e |t was observed that the shear bond strength with
1:6 cement mortar, Geopolymer bricks are 48%
greater than ordinary burnt clay bricks.

e Incorporation of GGBS as partial replacement to Fly
ash in the preparation of Geopolymer bricks
resulted in the reaction of pozzolana with calcium
hydrate which produced calcium silicate hydrate,
thus enhancing the compressive strength and shear
bond strength of the brick masonry with the
modification of the microstructure of the mortar —
brick unit interface.
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Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation of an exacting study.
Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O OO

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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