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Atmospheric Storage Cylindrical Tanks: Project Optimization
Considering Environmental Criteria

By Monica Beatriz Kolicheski
Abstract- Atmospheric tank projects cover a wide range of technical characteristics, ranging from
their purpose, according to the regulatory framework, the type of product stored, the technical
characteristics of the tank to serve this storage with structural safety and finally the devices and
technical resources to make the equipment financially and economically viable and sustainable.
As a basis for criteria for this assessment, the correct regulatory framework for each type of tank,
based on its application, as well as the correct selection of material for its performance and life
expectancy, were addressed. Performance improvement criteria were also evaluated, such as
the correct sizing of the tank inlet, outlet and vent nozzles, the use of sensors and devices and
equipment to avoid overpressure or vacuum and the use of internal floating roofs. In addition,
environmental criteria were also presented, such as the correct selection of tank colors and the
assessment of their area of incidence of solar radiation.

Keywords. costs, constructive criteria, economic and financial.
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Atmospheric Storage Cylindrical Tanks: Project
Optimization Considering Environmental Criteria

Monica Beatriz Kolicheski

Absiract- Atmospheric tank projects cover a wide range of
technical characteristics, ranging from their purpose,
according to the regulatory framework, the type of product
stored, the technical characteristics of the tank to serve this
storage with structural safety and finally the devices and
technical resources to make the equipment financially and
economically viable and sustainable. As a basis for criteria for
this assessment, the correct regulatory framework for each
type of tank, based on its application, as well as the correct
selection of material for its performance and life expectancy,
were addressed. Performance improvement criteria were also
evaluated, such as the correct sizing of the tank inlet, outlet
and vent nozzles, the use of sensors and devices and
equipment to avoid overpressure or vacuum and the use of
internal floating roofs. In addition, environmental criteria were
also presented, such as the correct selection of tank colors
and the assessment of their area of incidence of solar
radiation. The list of criteria and technical, performance and
environmental details can be further complemented and
developed with other characteristics of the tanks and the
objective of this article was to evaluate the main parameters of
analysis to guide the developer of the tank project to execute it
seeking to optimize technical data with immediate execution
and operating costs and the environmental impact of project
decisions for welded vertical cylindrical atmospheric storage
tanks.

Keywords: costs, constructive criteria, economic and

financial.
I. INTRODUCTION

=== quipment classified as atmospheric tanks for
=== storing products in general has a long history and
e IMpPOrtance in supplying industrial and urban
centers around the world. Ilts conglomerates (tank
parks) usually have a very specific objective and are
usually directly related to the petrochemical industry
(CASTILHO, 2018). However, the applicability of
atmospheric tanks is very wide, having strong
importance in several industries such as chemistry,
paper, bioenergy, thermoelectric and sugar and alcohol
plants, biofuels, food and even in firefighting, which can
range from industrial to commercial.

The design of atmospheric storage tanks can
be basically divided into: bottom, side, roof, metal
structures and nozzles (GUIZZE, 1989). In addition to
the different design variables, ranging from dimensional,
stored product, temperature and pressure conditions,
construction material and others, there are also
conditions for each component of the tank.

Author: e-mail: monica.beatriz@ufor.br

The bottom can be classified by patterns of
“annular plates” or rectangular plates, depending on the
welding characteristics between the bottom and the
side, as this is the most fragile region of the tank (MAIA
and AURELIO, 2012; CONTEC, 2010). The sidewall has
different methods of calculating sheet thickness: like the
more traditional 1-foot method; the variable point
method, the appendix A and the appendix S methods
(LIMA et al, 2014; COSTA, 2011). The metallic
structures, which are usually selected according to the
customer's standard, must observe the minimum loads
of standards such as NBR 8800 (ABNT, 2007), as well
as safety standards NR 18 (BRASIL, 1978).

With regard to accessories, for example for
nozzles, which are generally directly linked to the
operating standard of the place where the tank is
installed, they may have manholes and cleaning ports
meeting the minimum quantities required or according
to the customer's standard, generally being 180° out of
phase around the tank, to ensure air flow (BARROS,
2003).

The different types of ceilings vary according to
project  definitions, stored product, and local
characteristics. The influence of the choice of roof type
on the composition of the tank has consequences on
the storage efficiency during the useful life of the
equipment (API-650, 2010). The main types of ceilings
(self-supporting conical, supported conical, self-
supporting dome, external floating, internal floating and
aluminum geodesic dome). According to Oliveira
(2017), the proper choice of the roof of storage tanks
reduces the emission of volatile organic compounds
(VOC).

The fugitive emission of VOCs from storage
tanks can lead to different air pollution problems, with
harm to people's health, impacts on flora and fauna,
degradation of materials and climate change. Studies
carried out by Wei et al (2014) at an oil refinery in Beijing
showed that the tank park contributed with 18.3% of the
refinery's VOC emissions. Chen et al (2019) evaluated
the presence of VOCs in a region close to an industrial
complex in central Taiwan and found that 23 to 32% of
the pollutants identified in the region came from an
industrial source — refinery and petrochemicals. In
addition, to the environmental issue, according to
Oliveira (2017) the release of these compounds means
economic loss of volatilized products.

© 2023 Global Journals
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The establishment of environmental criteria, in
addition to economic ones, are important for the
development of hydrocarbon storage tank projects to
minimize the environmental impact of tank parks due to
the fugitive emission of VOCs. In this context, the
objective of this study was to propose a preliminary
analysis that considers financial costs, technical and
structural safety, as well as the environmental impact of
tank sizing. The analysis also included suggestions for
accessories that improve the tank's performance and
promote the reduction of energy losses and fugitive
emissions from the tank throughout its useful life.

In this way, the tank design parameters were
organized to establish a methodology for the project
that considered in its development, the normative
framework, the product characteristics, the construction
materials and boundary conditions (accessories for
performance improvement), without forgetting the
environmental impacts. This analysis will enable the
dimensioning of equipment with adequate costs in its
construction (financial criterion), guarantee of durability
during its period of operation (technical criteria) of
operation and better energy conditions (environmental
criteria), bringing environmental and economic gains
throughout its operation. In this sense, this study
presents some important guidelines in relation to the
framework in technical standards; product features;
material  selection, accessories for performance
improvement; painting; adequate selection of the
irradiation area to contemplate the environmental criteria
in the design of hydrocarbon storage tanks.

[I. ESTABLISHMENT OF DESIGN CRITERIA FOR
STORAGE TANKS

When checking the construction standards for
tanks, the design criteria for the equipment are
predominantly functional and economic, with no
emphasis on issues related to air pollution caused by
emissions related to this equipment. The evaluation of
VOC emissions in different types of hydrocarbon
storage tanks indicates that the application of some
constructive  criteria can represent considerable
environmental advantages, with associated economic
advantages.

a) Criterion in Relation to Compliance with Technical
Standards

Atmospheric tanks have a wide range of
applications, and their designs range from small low-
volume tanks (from 1 to 100 m3) used in small industries
for storing small amounts of oil, chemical products and
even water to large volume tanks (above 60,000 m3)
applied to the petrochemical, oil and gas industry.

Therefore, it is essential to have a correct
normative framework to establish a project optimized.
Among the most widely used and well-known Brazilian
standards for tank design, the NBR-7821 is cited (ABNT,

© 2023 Global Journals

1983) and the complementary standard N-270
(PETROBRAS, 2020), Petrobras' internal standard, which
is most used as a reference. In addition to these, the
standards of the American Petroleum Institute, USA,
API-650 (API, 2010) and API-653 (API, 2009) are
considered, the first being aimed at new projects and
the second for tank renovations. These four standards
deal specifically with tanks for the oil and gas industry.

However, in addition to these four standards,
we can also cite other standards, such as the American
standard NFPA 22 (NFPA, 2013) for tanks of fire-fighting
systems, the European standard EN-1993-4-2 (EN,
1999) and the American standard AWWA D-100-96
(AWWA, 1997) intended for water storage tanks. These
standards apply only to welded tanks, there are also
specific standards for bolted, riveted, helical mounting
and “Australian” type tanks.

In these standards, the methodology and
calculation have the same technical basis. In general,
the hydrostatic pressure of the product to be stored is
related to the mechanical resistance of the thickness of
the cylindrical body of the tank. What differentiates the
standards is the safety factor adopted by the standard,
which normally allows for the determination of minimum
working thicknesses of the tank. With the exception of
the EN-1993-4-2 (EN, 1999) standard, which, in addition
to basic calculations, allows for a more refined
dimensioning since it considers the calculation of
resistance by finite elements that allows a more precise
calculation when performed by experienced designers,
as it does not apply simplifications common in
standards to its design, which, as they always work with
a safety margin, normally end up over-dimensioning the
project.

Therefore, observe it should be noted that, for
each tank application, the standard that best fits its
functionality must be correctly selected, in order not to
oversize the tank thicknesses when applying a more
rigorous standard, incurring in greater consumption of
metal for the construction of the tank and unnecessary
costs. In this way, the use of an adequate standard
makes the project sustainable and of lower cost. The
study of the cited norms provided the elaboration of
Table 1, which allows a comprehensive vision and an
initial reference for the analysis of the designer. In this
analysis, it was considered that small tanks are those
with a capacity of less than 200 m3. This type of tank
can be purchased ready-made, that is, without the need
for assembly at the installation site.



Table 1: Normative framework criteria depending on the usefulness of the tank

Application Product Size Standard
Chemical B
alcohol plants Naphtha (Gasoline) g API-650, API-653, NBR
Biofuels Diesel 7821 and N-270
. - Small
Thermoelectric aviation kerosene
Paper And Cellulose Biodiesel Big
Heavy Chemical Alcohol Small API-650 (Appendix A)
Industry ma
White liquor ) )
Paper And Cellulose Black Liquor Big AP'%%%’ gr?cli ?\1527QBR
Water treatment Assorted chemicals (acids, caustic soda,
solvents, etc.) Small API-650 (Appendix A)
Chemical
alcohol plants Industrial Water Big AWWA D-100-96
Biofuels
Thermoelectric Small EN-1993-4-2
. . . Big AWWA D-100-96
Water for industrial use Industrial Water Smal EN-1993-4-2
o I Big AWWA D-100-96
Drinking water drinking water Small EN-1993-4-2
Food indust Processed and Ultra-processed for Big AWWA D-100-96
v consumption Small EN-1993-4-2
Fire Fighting Firefighting system water S?leill NFPA-22

Source: The authors (2023)

b) Ciriterion in Relation to the Selection of Materials
Similarly, each design has an optimal solution
for tank construction materials, considering the product
stored and the expected service life of the tank. Fuel
storage is done in carbon or stainless-steel tanks to
reduce corrosion problems, but according to Komariah
et al (2023) corrosion is still one of the main problems

Table 2: Criteria for choosing construction mate

found in fuel tanks. In this way, the selection of the
correct material is fundamental in the sizing of the
storage tank. The analysis of the most suitable types of
steel for the construction of storage tanks for different
products in order to avoid corrosion processes led to
the elaboration of Table 2.

rial depending on the application of the tank

Application Product Material Intg ".‘a' Corr93|on over Observation
painting thickness
Oil and Gas Naphtha (Gasoline)
: Diesel Preferably A-36 due to
Chemical aviation kerosene Carbon steel Yes 1to2mm its normative condition
alcohol plants Biodiesel of greater resistance
Biofuels Alcohol
Thermoelectric
Preferably A-36 due to
White liquor Carbon steel Yes above 3mm its normative condition
Paper And Cellulose Black Liquor of greater resistance
Heavy Chemical Miscellaneous The use of stainless
Industry chemicals (acids, 304L stainless No i steel only due to the
caustic soda, solvents) steel corrosivity of the
chemical
Paner And Cellulose Preferably A-36 due to
b Industrial Water Carbon steel Yes 110 2mm its normative condition
Water treatment .
of greater resistance
Water for industrial , Stainless Steel The use of stalnless
Industrial Water No - steel depending on
use 439. .
water quality
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drinking water drinking water Stainless Steel No - The use of stainless
Processed and Ultra- 304 or 316. steel due to the
Food industry processed for potability of the water
consumption
o Firefighting system Preferably A-36 due to
Fire Fighting water Carbon steel Yes 1to2mm its normative condition
of greater resistance

Source: The authors (2023)

Based on Table 2, the designer obtains initial
guidance on the most suitable materials and finishes for
the project. However, it should be noted that the
designer's final decision must consider the
specifications and particularities of the product (if any)
and the minimum requirements of the customer.

c) Criteria  for
Performance
Although the influence of tank accessories, for
example nozzles and internal floating roofs, is low when
considering the total weight of the tank. Consequently,
the direct cost of acquiring the tank is little affected, but
the correct sizing of the accessories and their
application can bring benefits in the operation of the
tank and increase its useful life.
In order to assess the influence and impact of
accessories on the performance of the tank, these

using  Accessories to Improve

A

© 2023 Global Journals

criteria were subdivided into sizing of the inlet and outlet
nozzles and the breather valve, use of accessories and
sensors and use of internal floating roofs.

i. Inlet, Outlet and Tank Breather Nozzles

The filling, outlet and breather nozzles directly
interfere with the exchange of emissions with the
environment and, consequently, must be well
dimensioned to avoid air pollution. Incorrect sizing of
these can deform the structure of the tank (see Figure
1), in addition to increasing emissions into the
environment, with consequent environmental and
economic impact. To guarantee the performance and
safeguard the integrity of the tank against operational
damage such as: corrosiveness in the nozzles due to
abrasion, under pressure or vacuum; proper sizing of
nozzles and vents is essential.




(A) Vaporization of stored liquid due to steam or condensate leakage from heating system in REPAR — Curitiba/PR — BRAZIL. (B)
High temperature variation in RNEST — [pojuca/PE — BRAZIL. (C) Pumping above the pressure admitted by the tank in RLAM — S&o
Francisco do Conde Bahia/BA — BRAZIL. (D) Tank inertization with racket relief valves, preventing its operation in REFAP —
Canoas/RS — BRAZIL. (E) Sudden vaporization of water inside the tank in LUBNOR — Mucuripe/CE — BRAZIL. (F) Start of fire, flow

through the emergency valve in LAMESA TEXAS — USA.

Source: Vector-Mathias (2015)

Figure 1: Examples of overpressure or vacuum situations in tanks

The dimensioning of nozzles and vents for fuel
storage tanks — and other chemical products — is
essential for reducing emissions. And, when associated
with the other criteria evaluated in this study, emissions
losses are minimized. The use of criteria provides
sustainability and economy during the useful life of the
tank, especially in tank farms.

The correct sizing of the inlet and outlet nozzles
and the tank vent is carried out based on the flow rates
of the pumps used for filling and temperature variations.
The sizing of breather valves is done by API-2000(2009).
Table 3 indicates the factors that must be evaluated for
sizing the nozzles and the vent depending on the fluid
that will be stored inside.

Table 3: Optimum fluid velocities, for calculating the pipe size based on the flow of the filling and emptying pumps

Fluid Econ‘zm}’s)s"eed Piping Material
Water for general services 09to25 Steel
Water for industrial network 09to22 Steel
pump suction line 09to 2.2 Steel
Pump discharge line 21t03.0 Steel
Hydrochloric acid 15 rubber coating
Sulfuric acid 88% to 98% 1.2 Cast iron
Ammonia 1.8 Steel
Benzene 1.8 Steel
chlorine 1.5 Steel
Chloroform 1.8 Copper and Steel
Sodium Hydroxide 30% 1.8 Steel
30% to 50% Sodium Hydroxide 15 Steel
Sodium hydroxide from 50% to 73% 1.2 Steel
Lubricant 1.8 Steel
Fuel ol 1.8 Steel
Brine (CaCl2) 1.2 Steel
Carbon tetrachloride 1.8 Steel
ethylene trichlor 1.8 Steel

Source: Adapted from Telles (1999)
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ii. Using Accessories and Sensors

Just as it is good sizing is necessary for the inlet
and vent nozzles of the tanks, it is necessary to use
sensors and devices for redundant guarantees against
overpressure or vacuum, such as: pressure and vacuum
relief valves, emergency pressure valves, high-level,
high-high sensors, level radars, measuring rod and or
pressure sensors, combined to guarantee overpressure
or vacuum and temperature control. In this way all these
iterns must be considered by the designer.

Accessories ensure efficient work of tanks,
balance fluid fluctuations in the tank and regulate its
internal pressure. The use of sensors allows activating

and opening the accessories only, when necessary,
thus reducing losses due to VOC emissions - air
pollution - and, consequently, the environmental impact.

Therefore, care must be taken when calculating
the thickness of the pressure relief valve cover, so that it
does not cause mechanical damage due to non-
opening or environmental damage due to unnecessary
opening. The following example shows the correct sizing
of the thickness of the pressure relief valve cover. Figure
2 shows the actions of pressure on the cover of an
emergency valve, basically counterbalanced with the
cover's own weight.

] b}

Weight

1
v s area of the lid, or

Therefore, we have the intemnal pressure P int = 37mmeca or 37 kgf'm?
Considering the lid of a metal with a density (p) of 7850kg/m® (carbon
steel or stainless steel, for example), we will have its thickness determined

! Thus, the pressure provided by the lid 15 its force weight divided by the

L
T“W A Lid pressure = Ptamp = F/A, with Weight Force F=p V, or p*e*A, with:
1 Pinl V' = lid volume and lid area and . So, Ptamp =P mt = p¥e, from where;

) e=Pint/p (in m)(1)

in our of our example: e =37 / 7850 = 4.71mm

(4.75mm commercial thickness)

i

Figure 2: Examples of emergency relief valve sizing (Oliveira, 2020b)

iii. Internal Floating Ceilings

The internal floating roof has the objective of
eliminating the vapor space between the seal and the
surface of the stored liquid, to avoid the fugitive
emission in the storage of fuels and chemical products
with low vapor pressure. In this way, the use of this type
of accessory reduces the emission of VOCs. According
to Oliveira (2015), the application of internal floating
roofs compared to fixed roofs provides a reduction in
VOC emissions of up to 98% on average, depending on
the application conditions.

The application of internal floating roofs, in
accordance with Appendix H of API-650 (API, 2010), has
become a more practical alternative in terms of design,
manufacture, assembly and costs in sizing tanks (LIMA
et al., 2014). This type of ceiling is a simple construction
device, lightweight and an excellent financial alternative
for reducing emission losses (OLIVEIRA, 2017,

OLIVEIRA, 2020a). Figure 32 illustrates the constructive
details of the internal floating roof.

Source: Vector-Mathias (2015)

Figure 3: Constructive details of internal floating roof
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Studies carried out by Oliveira (2020a; 2015)
show that the more volatile the product stored and the
larger the tank diameter, the efficiency of the internal
floating roof will be better. Figure 4 illustrates the
reduction in losses due to VOC emissions in tanks with
and without floating roofs for alcohol and gasoline
storage tanks.

Floating roofs bring benefits in firefighting in the
NBR 17.505e (ABNT, 2006), because by reducing VOC

Losses in Alcohol tanks
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emissions, it also reduces the area subject to explosion
risks. The use of this type of ceiling can also be applied
to other specific cases, such as the reduction of
contamination of products with water - biodiesel or
demineralized water - however these applications still
need specific studies to prove the efficiency of internal
floating ceilings.

Losses in Gasoline tanks
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Source: Adapted from Oliveira, 2020a

Figure 4: Reduction of emission losses in tanks with and without floating roofs

d) Environmental Criteria

In order to alert the designer to environmental
and not only economic efficiency for the design of
storage tanks, but this study also evaluated the
influence of the external painting of the tanks and the
area of solar irradiation.

i. Appropriate Choice of Exterior Paint

The external painting of the fuel storage tank
can have a big impact on the evaporative loss of stored
products. According to Castilho (2018) losses can be
reduced by up to 25%. According to the author, the
darker the color of the paint adopted for the external
painting, the greater the energy absorbed, and,
consequently, the loss by evaporation of VOCs will
increase.

Other factors must be considered when sizing
the tank, such as the volatility of the stored product and
the area to be painted in the tank, since the larger the
area to be painted, the greater the influence of the
choice of paint to reduce losses due to evaporation. The
use of light colors — white or gray — is the most suitable
for fuel storage (Table 4) and the choice of these colors
for painting tanks with floating roofs is relevant for
reducing VOC emissions during the useful life of the
tanks. It is observed that in the case of fixed roof tanks
the influence is very relevant, especially for gasoline
storage.

For Castilho et al (2023) the use of white color in
storage tanks, instead of gray, relatively common in tank
parks, can represent a reduction of up to 40% in VOC
emissions. However, if there is an interest in the tank
absorbing greater thermal energy to keep the product
warm, such as the storage of biodiesel obtained from
animal tallow, the use of dark colors will reduce the need
for adding heat by through internal coils, with
consequent environmental gain for the tank design.
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Table 4: Influence of tank color to reduce losses from VOC Emissions

Product Roof type Color Relevance
Fixed H
Gasoline External Floating White A
Internal Floating A
Fixed White A
Diesel External Floating White or Gray L
Internal Floating White or Gray L
Fixed A
Crude Ol External Floating White A
Internal Floating A

H — High Relevance /| A — Average Relevance // Low Relevance

Source: Adapted from Castilho (2023)

ii. Evaluation of the Solar Irradiation Area

The solar irradiation area is obtained by
evaluating the diameter/height ratio of the storage tank.
With this analysis, it was concluded that, for the same
volume, tanks with a smaller diameter/height ratio —
smaller area of solar irradiation — provide reductions in
VOC emissions. According to Castilho et al (2023) the
reduction of emissions in gasoline storage tanks was
around 40% for tanks with an external floating roof and
above 50% in tanks with an internal floating roof.

The option for the smallest irradiation area
allows the designer to obtain tank dimensions close to
those that occupy a smaller surface area. And,
therefore, the amount of sheet necessary for the
construction of the tank and maintenance of the external
coating will be smaller, consequently the cost for the
construction of the tank will be lower. According to
Castilho et al (2023) the use of tanks with the smallest
irradiation area and in the appropriate amount can lead
to reductions of up to 80% of VOC emissions in the
storage of gasoline and oil in a tank park, regardless of
the type of ceiling adopted.

[11. CONCLUSIONS

The universe of data and information necessary
for the proper sizing of a storage tank is very wide and
the current tendency of projects is to use the API-650
and API-653 standards, which are complete standards,
but designed for sizing tanks. to be installed in an
industry where operational risks are greater and,
consequently, the rigor required in sizing is also greater.
However, it is observed that, in general, designers do
not observe the other existing normative frameworks,
which are equally competent in their specialties. This
mistaken decision leads to the dimensioning of greater
thicknesses, which increases the cost of the storage
tank, due to the greater amount of metal for
construction, which becomes unnecessary both from an
economic and environmental point of view.

The sizing criteria, even being a preliminary
analysis, will allow tank designers to avoid increasing

© 2023 Global Journals

the construction cost of the tank and minimize the
environmental impact due to reduced emissions and
energy loss. It is worth mentioning that for some
situations of greater risk, such as flammable products,
location of installation with unfavorable weather
conditions and specificities of the industry, the analysis
criteria must be complemented with specific information,
however these do not invalidate the criteria proposed in
this study. The environmental criteria identified in this
study should not override other relevant criteria for the
entrepreneur, such as logistics, maintenance,
operational facilities and construction or installation. It is
recommended that they be evaluated together with
these, that is, that tank designs consider emission
estimates when deciding on the best constructive
alternative.

The list of criteria established in this work can
also be complemented with the evaluation of other
parameters, such as types of sealing, roofs supported
by columns, types and number of accessories, relief
valves with different pressures and tanks with geodesic
fixed roofs according to the designer's assessment
deems relevant for specific cases of tank sizing.
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Wang Mingyuan ®, Tang Dyunyan °, Rudnov Vasily Serrgeevich ° & Xiao Xinyuan ©

Annotation- In order to meet the special requirements (for the
strength and conductivity of concrete structures) that arise
during the transmission of electricity to remote areas of the
Russian Federation, a variant of using self-healing concrete is
proposed. In this material, it is proposed to use microcapsules
obtained by the physical method, consisting of sodium silicate
and bentonite clay coated with ethyl cellulose with graphene.
The mechanism of action of the capsule is as follows: after
external mechanical destruction, access to graphene appears
and it acts as a conductive medium, resulting in the cementing
properties of the capsule core. In the course of the work, the
optimal ratio of graphene and the capsule core was
established, which was determined during a number of
experiments and microstructure studies. The dependences of
the compressive strength and conductivity of the composite
on the graphene content in the capsule, the number of
microcapsules in concrete and the time of strength gain were
also revealed. In the experiments, the average size of
microcapsules was 1.25 mm, the grain shape is predominantly
spherical with a rough surface and dense structure. The
optimal microcapsule content was 2% of the cement binder
weight, which corresponds to 0.1% graphene oxide. With an
increase in the graphene content, the conductivity of the
concrete composite monotonically increases, and the
compressive strength increases to a certain limit, and then
decreases. After partial destruction of the samples
(discontinuity) at the microlevel, the composite material
recovered, while the recovery coefficient was 81%, and the
recovery coefficient of compressive strength was 57%.

Keywords:  graphene;  microcapsules,  self-healing
cementing materials, compressive strength; conductivity.
Allll()lil[ll{llﬂ- C neJIbI Ya0BJI€TBOPECHUA CIeuaJdbHBbIX
TpeOoBaHMii (M0 NPOYHOCTH M MPOBOAMMOCTH OETOHHBIX
KOHCTPYKUHIi), KOTOpPble BO3HMKAKT I@pd  IHepeaade
JJIeKTPOJHEPIUH B OTJaJIeHHbIe paiionbl P® mpensioxen
BAPHAHT NPHMEHEHHsI CAMOBOCCTAHABJIMBalOIIerocsi 6eroHa. B
3TOM marTepuaJjie npeajgaraercs HCIIO0Jb30BATh
MHUKPOKAINCYJIbI, noJry4aemMbie (puznyeckum METO/0M,
cocTofsiue M3 CHJIMKaTa HATpus " 6eHTOHl/lTOBOﬁ I'JIMHbI
MOKPBIThIE 000JIOYKOH W3 ITHILNENI/03BI ¢ rpadeHoM.
MexaHu3M JeHCTBHS KaICyJibl CICAYIOIIUIA: 10C/Ie BHEIIHEro
MEXaHHYeCKOro pa3pyuieHus1 NosBIsAeTCs AOCTYN K rpadeny u
OH BBICTYNAaeT B KayecTBe NMPOBOAsiLIEH cpelbl B pe3yJjbTaTe
4ero NposiBJISIIOTCA EMEHTHPYIOLIME CBOMCTBA siApa KaICYJIbl.
B xome padoThl YCTaHOBJIEHO ONTHMAJIbLHOE COOTHOIIEHHE
rpajgena u sigpa KamcyJ, KOTopoe onpeejsijioch B Xole psiga
JKCIIEPUMEHTOB U MCCJIeI0BAHHEM MHMKPOCTPYKTYpbl. Takixe
BbISIBJICHBI 3aBHUCHUMOCTH MPOYHOCTH Ha cixKaTue Hu
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NPOBOIMMOCTH KOMIIO3UTa OT coAep:kaHus rpadeHa B
Kancyjae, KOJUYeCTBA MHKPOKAmNcyl B 0eToHe W BpeMeHH
Ha0opa mnpouyHocTH. B JKcnepumeHTax cpeaHuii pasmep

MHKpokancya  cocraBuma 1,25  mm, ¢opma  3epen
NPEeuMYyLIECTBEHHO chepuyeckas c HIepOX0BaTOM
NOBEPXHOCTbI0) M IUIOTHOH CTPyKTypoil. OnrumalbHoe
colep:kaHHEe MHUKPOKANCYJ COCTaBWIO 2% 0T Macchl

IIEMEHTHOr0 BSI:KylIero, 4ro coorBercrByer 0,1% okcuaa
rpagena. Ilpu  yBeJMYEHMM  COdEPKAHUSA rpageHa
MPOBOJIUMOCTH GETOHHOr0 KOMIO3UTA MOHOTOHHO BO3PaCTaeT,
a IPOYHOCTH HA C:KATHE 0 HEKOTOPOro Npejeia Bo3pacraer, a
3aTeM cHUKaercs. Ilocie yacTHyHoro paspymeHusi o0pas3ioB
(HapymeHusi CIUIOIIHOCTH) HAa MHUKPOYPOBHE KOMIIO3MTHBI
MaTepuag]  BOCCTAHOBMJICA, NpPH 3TOM K03 PuumneHT
BOCCTAaHOBJICHHS COCTaBHI 81%, a k03 puumeHT
BOCCTAHOBJIEHHSI MPOYHOCTH HA cxKaTne — 57%0.

Knouesvie cnosa: epacghen; MUKPOKANCYIbl,
CaMO080CCMAHABIUBAIOUUECS yemenmupyoujue
Mamepuansl, RPOYHOCb HA CoHCAmMUe; NPOBOOUMOCTb.

|. Bsenenue

HACTOsIIIEE BpeMsl OBICTPBIMHU TeMIaMHU
YBEIMYMBACTCS KOJIMYECTBO OJHEProIoTpeOuTeNneit
mo Bcell Teppuropun PD, uTOo B CBOIO oOuepens

CTUMYJIHMpYEeT aKTHBHBIH pOCT JIMHMH Tepepady u
npeoOpa3oBaHMs  JJIEKTPOIHEPTMM, B TOM 4YHCIE B
OTHAJEHHBIX paiioHax cTpaHbl (puc.l) ¢ CypoBBIMH

KIIMMAaTU4YCCKUMU YCIIOBUAMU.
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Fig. 1: Schematic diagram of transmission and conversion lines of electricity in the Russian Federation

ITpu >ToM Ha ¢yrmamenTs! onop JIDII BiusroT KaK
MOrofHbIE  ycioBHUsA  (OONBIIOE  KOJMHYECTBO  TTOXKJCH,
OKCTpEMaJIbHBIE  TEMIEpaTypbl), TaKk W  CIIOXHBIC
T'e0JIOrMYECKUE YCIOBUS (3aCOIEHHbIE WM ciadble TPYHTHI),
YTO TNPHUBOIUT K pa3pyLICHUIO OETOHHOW KOHCTPYKLIWH,
MOpPO3HOMY  IYYEHHMIO,  HEpPaBHOMEPHBIM  OCaJKaM,
TpelmMHaM W JpYyruM TOBpEXACHUSIM. B To ke Bpems,
(yHIAMEHTBI  SBISIFOTCSL  «CKPBITBIMH ~ paboTamMm», 4TO
3aTpyJHSAET  BBIABICHHE  0Opa3oBaBIIMXCS  OE(EKTOB,
TPEIINH, CHIDKAET JOJTOBEYHOCTh W CPOKM Oe30macHoi
9KCIUTyaTaluy KoHCTpyKuuil. Takke (QyH)KaMeHTHI JOJDKHBI
005afaTh ONpPEIENIeHHONW 3JIEKTPONPOBOJUMOCTBIO IS
obecrieueHns1 0€30MAaCHOCTH JII0/IeH U 000pYIOBaHUS U /IS
TIOBBIIIEHUS HA/ISKHOCTH PabOTHI 3HEPTOCHCTEMBI. PsiioBoi
TSDKENBIA GETOH MMeeT yaenbHoe conporuBienue 10°...10°
OMXM ™ JUIS WCIONB30BAaHHMS €ro B  KOHCTPYKIMSIX
¢yanamentoB JIDII ero HeoOxommmo cHMXaTh. Bce
nepeyrcieHHble  (aKTopsl  ONpEAessiioT  TpeOoBaHus,
npenbsBIsieMble K 0eTOHY (yHIaMEHTOB.

Co3naHHbIN KOJUIEKTHBOM aBTOPOB
MHTEIUIEKTYaJIbHBI  CaMOBOCCTaHaBJIMBAIOMINiicss  OeTOH
pa3paboTaH Ha OCHOBE OMOHHYECKOW TEOpWH. PeMOHTHBIN
MaTepHal MPH M3TOTOBIEHUN CMECH paclionaraercs BHYTpH
MOHOJINTA | KOT'JIa KOHCTPYKIIHMS OBPEX/ICHA, 3aITyCKaIOTCs
TPUITEPHbIE MEXaHU3MBI (TemrepaTtypa, u3MeHenue pH

© 2023 Global Journals

Cpeabl nim TpeHII/IHI)I) 3aIyCKarOT  BOCCTAHOBJICHHUC
MOBPCKJACHHOI'O Y4YaCTKa, 4YTO MOPOIJIEBACT CPOK CJ'Iy)KGI)I

KOHCTPYKIUHN n IIOBAIIIIACT €C JOJITOBCYHOCTD.
MI/IKpOKaHCYHLHaH TCXHOJIOTUA CaMOBOCCTaHOBJICHHA
MAaTepruaJOB Ha OCHOBC MOPTIAHAUCMCECHTA 06J'Ia}_'[a€T

MPEUMYIIECTBAMH, KOTOPHIE 3aKJIIOYAIOTCS B BO3MOXKHOCTH
MaccoBOro TPHMEHEHWs, HHM3KOH cebecronmocTtr (IO
CpPaBHEHHIO C pPEMOHTHBIMH  paboTamMH), TPOCTOTHI
YIIpaBIeHUS MPOLIECCOM u IpeKpacHon
JICHIEPTUIPYEMOCTBIO 10 Teiry OeroHa [1-3]. B Hacrosmiee

BpeMs, AQHAJIOTMYHbIE MaTepuabl COCTOAT u3
KapOamMuI0QopMaIbAEI UAHBIE CMOJIBI/3TIOKCHTHBIE
MUKpOKancyisl  [4-7],  MUKpokancyiasl  (EeHOJIbHOU

cModbl/unuKIoneHTagueHa  [8-10], oOmanaromue Oolee
HU3KOM aAresuel M HE3HAYUTENBHBIM  PACHIMPEHUEM
MaTepuaja fAapa B COBOKYINHOCTBIO C HEIOCTaTOYHOMN
IMPOYHOCTBIO  CTEHKM  KalCyl, 4YTO  CYIIECTBEHHO
OTPaHUYMBAET BO3MOXHOCTh UX IMPUMEHEHHUS B LIEMEHTHBIX
komro3uuax [11]. CriocoObl M3rOTOBJIEHHST TAaKUX KarlCyll
ocHOBaHbl Ha ¢usnueckom [12-14], xummueckom [15],
¢uzuko-xumMuaeckoM [16-21] n apyrux merogax (tabm. 1).
An Tokyns [22], YWxan Mun [23], Ban XKyit [24], Xy
Xyumusas [25], JI. UYxyH [26] u napyrue NpoBOIWIN
9KCIEPUMEHTAIbHBIE HCCIE0OBAHUA U MAaTeMaTHYeCKOoe
MOJIETUPOBaHWE B 00NacTH HEPTEXUMHH, JOPOXKHOI'O



MalIMHOCTPOEHHS, MOCTOCTPOEHHH, MOJTMMEPHBIX
MaTepHaloB, MOKPHITUA M ApYrux obmactsax. OmHaKo, Ay
(yHIaMEHTOB JIMHHWH 3JEKTporepenad, padoTalomuX B
CJIOXKHBIX T€O0JIOTHYECKUX U METEOPOJIOTHUECKUX YCIIOBHAX

YHAJIE€HHBIX  palloHOB Kpaitnero
HCCIICJIOBAaHUH BBIIOJIHEHO He OBLIO,
BBICOKYIO ITOTPEOHOCTD.

CeBepa  Takux
HE CMOTpS Ha

Tabnuya 1: Croco® NpUroTOBICHHS MUKpoKancy [12-21]

Table 1: Preparation method of microcapsule [12-21]

Cnocod Matepuan Marepuan CaoiicTBa
c1ocod Nponu3BoACTBA
NMPUTOTOBJIEHHUS CepAIeBUHBI CTEH MaTepuaja
¢usnka MeTo/1 pacTIbUTUTENHHON CyIIKH CSA PVA Eq (D)
Mukpodonyka/GpoTonoTIMepH3aLHs CS. SS AE ope ()~ C (D)
S XUMHYECKH aKTHBUPOBAHHAS MY/ IbCHOHHAS SE pS C. (1 E Q).
MOTAMEPU3ATTHS pH (1)
Arperauust U3ITy4eHUs BS MA obe (}) + o (])
MeToa 3KCTpy3HH CH‘AZ/LFP‘ EC. MA pH (1) . C (})
s 3o rem BS Si02, M c}b; ((ll)) ; M ((%
uHTe3 QUBUKA 1 .
XHMUH Merop MIaBieHus U AUCIEPTUPOBAHIS SS G Obe (l|)< ‘( Tf)”f M.
PER, SS. .
KOMIUTEKCHBIH METOI OMYJIbCHH DCPD. MMA, U:S“ PFE::‘\ T\;J: X GbICE ((lT)) : {2’ E*))‘
CS
Ilpumeuyanue: ~ AOOpeBMAaTyppl B  TaOIWIlC WMEIOT  MUKPOKAICYJIBI HA OCHOBE CHJIMKATa HATPHS U OCHTOHHTA, a
cnenyrormue 3HadeHus: E: wmomymp  ympyroctr, Ed:  000m0Yky — Ha OCHOBE OTHIIEIUTIONO3BI M KCHIIONA C

JUHAMHYECKAN MOIYNb ynpyrocTH, Cr: CKOpOCTh KOPPO3UH,
K: ckopocts 3axkuBneHust TpemmuH, BS: OaxrepuanbHbIe
criopbl, MA: anerunar, G: xenatuH, PER: snokcugnas
cmoma, AE: akpmmar, CH: rugpokenn xanbmms, CS:
cunukarens, CSA: TwoamomuHat kaneiusa, DCPD:
qunukionenTagued, EC: stuneHnemnono3a,M: MenaMuH,
MF: wenamuananpaerun, MFP:  monodTOpdochar, F:
¢denondopmansaerun, PS: momuctupon, PU: mommyperas,
PVA: nmonuBuaunoseii crmpt, SF: ¢ropdochar Hatpus,
SS: cumukar Hatpus, UF: kapbamunodopManbiaerum.

B T0 Xe BpeMs, cHelUanbHbIE IPOEKTHBIE
TpeboBaHusi K ¢yHmamentam omop JIDII ycnoxHSIIOT
3arpockl K Marepuaiy 6erona. Hanbosee 4acTo B mpakTuke
JUTSL TIOBBIIIIEHHSI TIPOBOISIIIIMX CBOMCTB OETOHA MCIIOIB3YIOT
JIOTIOTHUTENbHBIE KOMIIOHEHTBI CMECH, TaKue Kak Irpadur,
YIJIEPOJHOE BOJIOKHO, CTaJIbHOM IIIIAK, CTAJIbHOE BOJIOKHO U

TexHu4eckud  yriepoa. Hcmomp3oBanuwe Tpadena  (c
BBICOKOW  TPOBOAMMOCTBEIO W OONBIIONW  yICTBHOMN
MMOBEPXHOCTHIO)  TO3BOJSICT ~ 3HAYUTEIBHO  YIYYIIUTH

JJIEKTPOIIPOBOIHOCTh ~ [IEMHTHBIX ~ KOMITO3MLIMH, OIHAKO
CHI)KAaeT TPOYHOCTHBIC XapaKTEPUCTUKU Marepuaja |
YBEJIMYHMBAET €ro ce0EeCTOMMOCTb, YTO OIPAaHHYHMBACT €ro
npumeHenue. IIpu 3TOM, CTOUT OTMETHTH, YTO U JPyrUe
TOKOIIPOBOJISIIIE KOMIIOHEHTHl HETaTUBHO BIUSIOT Ha
TEXHOJIOTUYCCKUE CBOWCTBA OCTOHHBIX cMecei. Iloatomy
NMPUMEHEHWE MMKPOKAICYJ, KaK peIIeHus] JTaHHOrO
TEXHUKO-TEXHOJIOTUYECKOr0 BOMPOCa BEChMA AKTYaJIbHO
IIpU NpoeKTHpoBaHuu U crpoutenscrse JIDII B Poccun u Ha
ceBepo-3anaje Kuras.
B  npeacraBneHHOM

H3TOTaBIMBAIIU (bu3MUECKUMH

HCCIIEIOBAaHUN
METOJaMH

aBTOPBI
SO

nobasienneM rpadeHa. B xome paboTrel  mM3ywanum
3aBUCUMOCTh TIPOYHOCTHBIX XapPaKTEPUCTUK I[EMEHTHBIX
KOMIIO3UTOB OT COJICPXKaHHMS MHKPOKancyal B OeToHe,
rpadeHa B MHUKpOKamcynax W BpeMeHH TBepAcHus. Ha
MHKpPOYPOBHE  TIPOIIECC  BOCCTAHOBIICHHUSI  JC(EKTOB
(TpemuH) OETOHAa WCCICMOBATH METOIAMH ONTHYCCKOM
MHKPOCKOIUH U METOJIaMH PEHTIeHO()A30BOr0 aHAH3A.

Il. WsroroBneHue 06[’)'d3LLOB IHEMCHTHOI'O KOMIIO3MTA,
MUKPOKAIICYJT U MCXaHU3M HUX JIeUCTBUS

Jnst  wsrotoBieHWs ~— 00pasloB  IEMEHTHOTO
KOMIIO3UTa OBLI MPHUHAT COCTaB IEMEHT : IMmecok = 1 : 3 ¢
BogoUeMeHTHbIM cooTHowmieHueM 06. Copepkanue B
KOMITO3ULIMM BapbUpPOBAIA U OHO cocTaBisio 1, 2, 3, 4 u
5%, BBOAMIN (TOpCUIMKAT HATpus B Konmuectse 15 % or
Macchl MUKPOKAIICYl W pacTBOp OKcujga TpadeHa B
xommuectBe 0,025; 0,05; 0,1; 0,25 m 0,5 % or maccel
nemMHTa. VI3 KOHTPOIBHOTO B SKCIIEPUMEHTAIBHBIX COCTABOB
[IEMCHTHBIX KOMITO3UIIMH W3TOTAaBJIUBAIN 00Pa3IbI-KyObl
pasmepom 70x70x70 mMm u uepes 7, 14 u 28 cyrok
TBEpJICHUS] TPOBOJVIIN WX WCIBITAHUS Ha OMNpEHCIICHIE
mpejiesie TPOYHOCTH MPHU CKATHU W ONPEICIISUIH CKOPOCTh
BOCCTAHOBJICHUSI CTPYKTYPHI KaK OTHOIICHHWE IPOYHOCTH
IoCJ€ BOCCTAHOBJICHHS K TIPOYHOCTH KOHTPOIBHBIX
00pas3IoB.

W3HavyansHO M3TOTaBIUBAIOT SAPO MUKPOKATICYJIHI,
JUIA  9ero CWIUKAT HATpUsi, MUKPOKPUCTATUIMICCKYIO
LEIUTI0NI03y, OCHTOHHUT W METHWIIEIUTIoNo3y OepyT B
cootHomennu 25, 30, 10 mw 2 % COOTBEICTBEHHO H
MEePEMEIIUBAIOT O OJHOPOJAHOCTH B CYXOM COCTOSIHUM
(puc.2). 3ateM n00aBIAIOT 29% MUCTUILTUPOBAHHOW BOJBI 1
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4% Tween 80 u nepememmBaroT pu Temuneparype 40°C. 13
MOTYYEHHOM MAacChl METOIOM SKCTPY3HH C MOCIEAYHOIIEN
TpaHyJsIIMel MoTyJaroT JacTuibl. Marepuan o00JI0UYKH U3
STHIILEIUTIONO3bI, 3TWIOBOro cnupra u kcunona (10, 18 u

2% COOTBETCTBEHHO) mnocie THIATENBHOTO

TepeMeIIMBaHnsl HAHOCAT HAa ITOBEPXHOCTH Karcyn. Camu

KarcyJasl — TMOJICYIIMBAIOT B BO3JAYIIHOM  IIOTOKE C
cUnMKaT
HaTpua(100g)

BeHTOoHMT(40g)

OHOBPEMEHHBIM JAMCHEeprupoBaHueM. Jins JanbHEHImx
9KCIIEPUMEHTOB OTOMPAIOT METOAOM CKPHHHHIA YaCTHIIBI
pasmepom 1-1,25 mm. Ilpm 3amMauyuBaHUM CIy4allHOrO
KOJIMYECTBA KaICyJl IUCTUUIMPOBAHHOM BOAOH TOJBKO
HECKOJIBKO KarCyJ pacTBOPWIOCH, a OONbIIasi WX 4YacTb
oCTanach HEMOBPEXKJIEHHOH, YTO TOBOPUT O LEJIOCTHOCTU
COCTaBHOU CTPYKTYpPBI KaICyI.

MukpokpucTannu4yecka
A uennonosa(120g)

MeTunuennwonosa(8g)

AHUMauuA
aswxenus 80(12g)

OUCTUNNUPOBaHHA|
A soaa(16g)

40°C

>  Cymecn }—)‘Cmemaﬁre rlopnmon‘

PaBHOMeDHOGJICMGLLIHBaHMe

Heberaa riauHIHAS
cepIleBHHA

1.MpanynaTop
NpeccyeT LUAPUKM o

| 2 TpoceATs rpaHynsl

‘ YacTHObI BIAAKHOTO gapa

Stunuennwonosa(i2g) .

Cylumnka npu 75°|B TedeHne 2 yacos

h

25°C + 900r/min
Yuctein cnupt0(24g)

BabueaiiTe B

KeaTble BBICYIIEHHBIE
CTep:KHEeBble IPAHYJIbI

Pacraop CTeHOBOIo Matepuana
& PECNBINAESTCA paBHOMEDHOD

Baaxkabie MHRpPORANCcY.JIbHBIE

TPaHy.Ibl

Cywmnka npu|60° B TeweHwe 12 yacoe

BaaskHabIe MH KpPORANCYJIbHEIE

TPaHyIbI

| rpanya MERp oRamCyI

MuKpoHHKANCYTHPOBAHHBIE NPOTYRTHI

Puc. 2: CxeMa U3roToBJIEHUS MUKPOKATICYJI

Fig. 2: Microcapsule production process

kcunon(96g)
TeveHue 20
MUHYT
Mukpokancyinsl — MEPEMENIUBAIOT C  JAPYTUMU
KOMIIOHEHTAMHU IIEMEHTHOM KOMIIO3MI[MH B  OOBIYHBIX

MelIajKaX TPUHYIUTEIBHOTO JEHCTBUS, 3aTBOPSIOT H
(bopMyroT 00OpasIbl, KOTOPBIC MOCIe 3aTBEPCBAHMUS TOTOBBI
K  JampHeiimMm  dkcnepumentam.  Korma — obpasen
MOJIBEpPracTcs BHEIIHEMY BO3JICHCTBUIO, B €ro CTPYKTYpE
BO3HHKAET MHUKPOTPELINHA, KOTOpas paspbiBaeT OOOIOYKY
MUKPOKAICYJ, K SAPY MPOHHUKAET Blara U3 OKPYKAIOIIEro
OCTOHHOTO KaMHSl M 3alyCKaeT XHMUYCCKUEC PEAKIUH C
cuirkaroM Hatpus (popmyna 1). B pesynbrare obpasyercs
rexeoOpasHelii Tuapokcuy kpemHust Si(OH)y, xoTOpBIA B
CBOI0 Ouepelb 3aloiH’IeT CBOOOJHOE IPOCTPAHCTBO,
CBSI3BIBACTCS CO CTCHKAMH TPELIMHBI U HOBOOOPa30BaHHS
HUMEIOT ONPECTICHHYIO IPOYHOCTb.

Na,SiO; + Ca(OH)Z = CaSiO::,i‘i‘ 2NaOH (1)

© 2023 Global Journals

ITo MEpe TIOT IO CHUA BOJBI, OCHTOHHUT
pacmmpsaeTcd B LHEMCHTHOM KOMIIO3UTC W 3allOJIHACT
TPCUINHBI, 4qTo IpesATCTBYCT ﬂaHBHeﬁmeMy

MIPOHUKHOBEHHIO KOPPO3MOHHBIX BEIIECTB M3 OKpY’Karomen
cpensl. IIporcxoanT xumuueckas peaknust (dpopmyna 2) u
TPEMIMHBI CKJIEUBAIOTCS TPOAYKTaMH HOBOOOpa30BaHUS,
KECTKOCTb W HENPOHUIAEMOCTh IIEMEHTHOH MaTpHUIIbI
BoccTaHaBiuBaeTcs (puc. 3).

2Nay-NNa;SiFs+2(n+1)H,0—6NaF+n+1)Si(OH),  (2)
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H,0 H,0
cl'e ® ¢0, clre & o0,

JlokaamzoBaHHBII l
a3pbiB

H,0 pasp

Clrg & 00,
I |
Camozaneq-
- '; HBAHHE

we @l - = Fe—~Fe't +2e”
;:: ’! :::' Fe*t—=Fe't +e~

e Fet +H,O—=FeOH*"+H"

2H; 0+ 0; +4e —40H™

Puc. 3: [IpyHuMNManbHAs cCXeMa MEXaHU3Ma CAMOBOCCTAHOBIIEHUSI MUKPOKAIICYIT
Fig. 3: Schematic diagram of microcapsule self-healing mechanism

I1l.  Meroauka SKCIIEpUMEHTOB M PE3yIbTaThl paboT

Ha nepBom sTarie ornpenensiin NpoYHOCTs 00pa3IoB TOJIBKO C MECKOM (KOHTPOJIBHBIX) M peructpupoBaiu kak K.
3arem o0Opa3ipl Harpyxarorcs 0e3 paspymenus no ycwmmst 60% ot paspymaromero (Kj), mocme dero TBepACHOT U
BOCCTAHABJIMBAIOT CTPYKTYPY B YCIOBHSX TEIUIO-BIaKHOCTHOH 00paboTku. OmpeneneHne CKOCTH BOCCTaHOBIICHUS
CTPYKTYPBI U IIPOYHOCTH (PEMOHTOIPHUTOJHOCTH) TIPOBOIIIIM TIOCIIE ONMpPeeIIeHuUs ocie gononauTenbaoro tepaeHust (K)
B TEYECHHUE PACUETHOI'O KOJMYECTBA BPEMEHH U ONPEIEIISIIH 10 (OopMYysIaMm:

. =K2;E1><100% €)
0~ ™1
K, =%x100% @)

0

Hcronp30Bainyd  YETHIPEXIICKTPOMHYIO  BOJBTAMIIEPOMETPHIO, KOTOpas IMO3BOJSIET YCTPAHUTh KOHTAKTHOE
COIPOTHUBJICHUE MEXK/TY JTUCTOM DJICKTPOJA M [IEMEHTHBIM OCHOBAHUEM, CHU3UTh TOJISIPU3AIMOHHBIHN d3((heKT. DIeKTPOIbI U3
HEpXKABCIOIIEH CTaal PaBHOMEPHO pacriojaraid Ha oOpasiie Ha pacctosHun 20 MM apyr or apyra (puc.4), TOAKITIOYaIH
HCTOYHHUK MocTossHHOTO ToKa, amnepmerp (I) u Bomsrmerp (U).

3nekTpog 13

. BONBTMETP
HepXaeeloLwen cTanu

\f
A\|gB |gC  |/D

npoBoAsLIas
nposonoka

amnepmeTp

OB6pa3Lbl LeMEHTHOrO Necka

MoCTOAHHLIA TOK
Puc. 4: Pabouunit MeXaHU3M METO/Ia CONPOTUBIICHHUS

Fig. 4: Working mechanism of resistance method
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[Inomans MmomepevyHoro CeYeHHs 4Yepe3 CErMEHT
BC cocraBnana S, a paccrosHHE MEXIy 3J1eKTporamu L.
Y enpHOE CONPOTUBIIEHHE P PACCUUTHIBAIY 110 opmyre 5:

p=-- ©)

MHUKpOKATCyabl PaBHOMEPHO paclpeaeeHbl 0
MIOIIEPEYHOMY CEUEHHIO 00pasma (puc. 5), YaCTUIBI OTIIHIHO
BCTPAUBAIOTCSA B  CTPYKTYpY KOMIIO3UTa, 00OJIOYKa
OOJIBIIIMHCTBA MUKPOKAICYJT OCTAETCS HEMOBPEKICHHOU, Y
HEKOTOPBIX YaCTHIl MOJA JSHCTBHEM pa3pylieHHs oOpasia

(2) Monepeunoe ceyenwe ¢ 1% MUKPOKATICYIT

e o '

¢) [IpenBapuTenpHOE CXKATHE CO3ACT TPEIHMHBI

paspymaercs obonouka. [IpucyrcrByrommuii okcun rpadeHa
HE BCTYIAET B PEaKIUU C MUKPOKAIICYJIaMH, YTO HE BIUSICT
Ha CHOCOOHOCTH K CaMOBOCCTaHOBJIEHHIO Komrto3uta. [Ipu
HAOIOACHUY 32 MHUKpoAe(heKTaMU pa3pyIICHHUs] HEKOTOPBIX
00pa3IoB, YCTAaHOBWIM HAJIMYHE B  MPOMEKYTKAX
KPHCTAJUIMYECKUX  BEIIECTB  MOJIOYHO-OEJIoro  ImBeTa
OIIPENICIICHHON TOJIIUHBI, YTO OOBSICHSIIOCH TOBBIIICHAEM
aJre3uu 3a CUCT PaCIIUpPCHHS MaTephalia MUKPOKATICYIBl U
CBUJICTEIECTBOBAIO O CIIOCOOHOCTH MHKPOKAICYJIBl K
BOCCTAHOBJICHHIO BCETrO IEMEHTHOI'O KOMIIO3UTA.

d) BoccraHoBiieHne TpenMHbI IOCIIE HATPYXEHUS

Intensity (a.u.)

1:Quartz
2:Portlandite
3:Calcite
4:Albite
5:Brushite
&:Ettringite
T:Covellite

2 Theta (°)

¢) CocraB 00pa3noB ¢ MUKPOKAIICYJIaMHU

Puc. 5: Makpockonndeckast XapakTepHCTHKa U cOCTaB 00pasIoB

Fig. 5: Macroscopic characterization and composition of specimens
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PentrenogazoBsrit aHAIN3 LIEMEHTHBIX
KOMITO3UTOB C MHKpPOKAICYJIaM{ TOKa3al HaIW4ie B HHUX
CIIeyIONMe MHHEpPANoB: ajabOHuT, axamut, kBapl (19%),
THIPOKCHA KAaNbIHS, KaJblUHA-NEPMEAIUT, aJIOMHHATHL U
KIIMHKepHBIe MuHepasl (73%). B HuX coxeprkanne KBapua,
anpOuTa W amactuta yBenwmdwioch Ha 2, 22 u 23%
COOTBETCTBEHHO MO CPaBHEHHIO C KOHTPOJBHBIM COCTaBOM.
OTO JMOKa3bIBaeT, YTO MaTepHal sapa BBICBOOOXKAAETCS
MoCJIe  «BCKPBITHS» ~ MHUKpOKarcyl W obOpasyer
JIOTIOTHUTENBHOE KOJWYECTBO THIPOCWIMKATOB KaJIbIIWS
(OCHOBHBIX ITPOYKTOB I'HApPATALMH HOPTIAH/IIEMEHTA).

Kpome penrtreHogasoBoro anammza ObUTH Takke
cAenIaHbl Mukpodororpadun MUKPOKAMCyJI u
LEMEHTUPYIONINX TPOAYKTOB peakuuu (puc.6). Popma
MUKPOKAICYIT TIPENMYIIECTBEHHO cepuyeckas,
HEMOBpPEeXKAEHHAass  00O0NOYKAa  MOJHOCTHIO  ITOKPHIBAET
TIIaAKYyI0 TOBEPXHOCTh siapa (puc. 6a). Ilpm Oonpmiem
YBEIMYCHUH TIPOSBIISAETCS, YTO IIOBEPXHOCTH OOOJIOYKH

a) Mopdonorus MUKpOKaIcymn

¢) JApobieHne MUKPOKATICYI IS YCTPaHEHUS 3a30pOB

MUKpOKAIICYJIBI HEPOBHAS, YTO CHOCOOCTBYET IOBBIIICHHIO
aiaresud C IEeMeHTHOW Marpuned (puc. 6b). Ilpm
00pa30BaHUM MHKPOTPEUIMHBl B KOMIIO3UTE 3a CYET
aJIre3MOHHBIX CHJI KallCyja TaKKe BCKPOETCS W OCBOOOIUT
JIOCTYTI K MaTepHaIly siipa, IPOAYKTHI THAPATALlA KOTOPOTO
3aTeM 3alojHAT HPOCTPAHCTBO MHUKpoOTpemuHbl. [locie
MIPE/IBAPUTEILHOTO HATrpY)KeHHs1 o0paslia MHKpOKarcyia
MO/ JIaBJICHUEM BBICBOOOXKIAE€T OCHOBHOW Martepual (pHc.
6¢), KOTOPHIH pearupyer ¢ BOIOW W MPOBOAHUT PabOTy IO
BOCCTaHOBJEHHIO. [[BeT Kommosummu ¢ TpadeHOM |
MHUKpPOKAIICYJIaMH TEMHEE W TIPH 3TOM KOHIJIOMEPALNH
rpadena He oOHapyxmuBaercs (puc. 6d). Ilpm 3TOM
CTPYKTypa Marepuajia CTaHOBUTCS Oosiee IUIOTHOH (pHC.
6d). I'paden wunTEeHCHMUIMPYET peakUWH THIpaTalNH,
00beAMHSIET TPOMYKTHI THApATallMd W  YBEIWYMBAET
MIPOYHOCTb.

b) Mopdoorus cteHKn

8

d) Mopdormorus rpadena
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Intensity (a.u.)

— FEG SRR
1:Quartz

2:Portlandite

3:Calcite

4:Albite

5:Brushite

6:Ettringite

7:Covellite

2-Theta (°)

¢) Komnozunus memenTupyomiero Mmarepuaia rpadeH-MUKpoKaricya

Puc. 6. SEM ¢otorpadmn 1 XRD-aHanu3 caMOBOCCTaHABIIMBAIOIEHCS PACTBOPHON MaTPHIIBI

Fig. 6: SEM photos and XRD analysis of self-healing mortar matrix

OTnuyHas IUCHEPIUPYEeMOCTh B COYETAaHHH C
TUAPOQWIBHOCTBIO  YCKOPSIIOT — BBICBOOOXKICHHE |
THIPOTALMI0 OCHOBHBIX KOMIIOHEHTOB Siipa MUKPOKAIICYJIBL,
YBEJIMYMBAET COAEPKAHNE MOHOB KaJIbLUsl, & MUHEPAJIbHbIE
00pa30BaHus 3aMOIHIIOT MUKPOTpEnHEL. [Ipy HeOGombIIon
JIMAJIEKTpUdeckor  mponunaemoctn  (55%) ®  BBICOKOH
YAETbHON NPOYHOCTH CHIXKAETCS YAEIbHOE CONPOTHUBIICHHE
LIEMEHTHOTO KOMIIO3UTAa M peau3yeTcsi IMOTPeOHOCTh B
HU3KOM YAEIbHOM CONPOTUBIEHUU JUIs CETH Hepenad
SHEPIuu.

[Mpounocts Ha catne 0Opa3OB IIEMEHTHBIX
KOMIO3UIUA TBEpAEeBIIUX 28 CYTOK, HpPHU YyBEIUYECHUU
COJIEpKAHNS MHUKPOKAICYJ MOCTENEHHO CHMXkaercs 10 1%
npu 5% Mukpokarncyn (puc. 7), 4UTO HE MOXET
YIIOBIIETBOPATH MoTpeOHOCTH. [Ipennonaraemblie MPUYMHBI

CHWDKEHHSI: HH3Kash MPOYHOCTh MHUKpochepbl (Ha YpOBHE
Nopsl  OCTOHA) HApyNIaeT MEPBOHAYANBHYIO MPOYHOCTH
KOMIIO3UTA; nobaBleHUE MUKPOKAICYIT CHHDKAeT
coliepkaHHe JAPYTMX KOMIIOHGHTOB (B TOM 4YHCIE U
MopTIaHAIeMeHTa) 1 ocnabdisier OeToH. OnHako HeOOIbIIOE
coJiepkaHne  MHUKpokancyn (mo  2%) [OpuUBOIMT K
HEKOTOPOMY  POCTY IPOYHOCTH IO CPaBHCHHIO C
KOHTPOJIBHBIM COCTaBOM. [IPOMCXOAUT 3TO MO CIACTYIOIIMM
npuYrHaM: (GTOPCUIIMKAT HATPHS J00aBIIsSEMbId B 00pasIibl
3aMeJUIsIeT KMHETHKY TBEPACHHS, MHKPOKPHCTALTHYCCKAs
LEJUTION03a W ATUIEIUIION03a 3aMEIJISIOT KOAryJslH U
MOBBIIAIOT MPOYHOCTh MPU HEOONBIIUX COACPKAHUAK; MPH
NPUTOTOBJICHUM LEMEHTHOTO KOMIIO3MTAa HE3HAYHMTENbHAsS
YacTh KalCyll paspyliaeTcss W MaTepHai sjpa HadWHACT
B3aUMO/ICIICTBOBATH 3aIONHSIS YCaI0YHbIC TPEIIHUHBL
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MuKpoOKancyasl — CHWKAIOT — TeMIbl  Habopa
MIPOYHOCTH KOMITO3MTa, YTO NPOSBISETCS Ha IPOYHOCTH
rocsie 7 CYTOK TBEpAEHUS: C MHUKpOKAICYJIaM{ IPOYHOCTH
cocraBisieT 70% oT KkOHTposnbHOro cocraBa. OpHako, B
JIabHEHIeM POYHOCTh aKTUBHOM BO3pacTaeT W uepe3 28
CYTOK NpEBBIIIACT KOHTPOJbHBIE 00pasipl. [lostomy s
JIABHEHIINX 3KCIIEpUMEHTOB Opany oOpasiibl, TBEpAEBIINe
28 CyTOK, mocie 4ero oOpasel] MOJBEprajd HCIIBITAHHUIO
BOfHOMY TBepAeHHI0 B TeueHue 10, 20 u 30 nHeil, nmocne
Yero ONpeneNsUIM MPOYHOCTh Ha CXKAaTHE W PaCCUHUTHIBAIIN
CKOPOCTB M KO3((HUIMEHT BOCCTAHOBJICHHUSI.

CKOpOCTh BOCCTAHOBJICHHSI ITPOYHOCTH Ha CXKaTHE
K( 1maBHO Bo3pacraeT ¢ YBEIMYECHHEM COJCPKAHMS

MUKpOKaIicyi (puc. 8). YCTaHOBJIEHO, YTO CHJIMKAT HATPUS
B IIEMEHTHOM MATpHULE B3aUMOACHCIBYET C BOJAOU U
(TOpCHIMKATOM HATpUsl ¢ 00pa30BaHUEM IIEMEHTHPYIOIINX
BEIIECTB, KOJIWYECTBO  KOTOPHIX  YBEJIMYMBAETCS  C
TIOBBIIIIEHUEM COZIEPYKaHUSI MHKPOKAICYJI, YTO OOBSICHSET
pOCT TPOYHOCTH (caMOBOCCTaHABIMBArOMMKA 3 dexT).
OpHako cleayeT YYuThIBaTh, 4YTO C  IIOBBIIICHHEM
COJZIepKaHMSI ~ MHKpOKAICyJl  TaKKe  YBEIHMYMBAETCS
KOJIMYECTBO  TOYEK  KOHIEHTPAMH  HANpPSHKEHHH |
BEPOSTHOCTD TMOSIBJIEHUS 1eeKToB — TpemyH. Ho mpu sTom
TAaK)KE€ yBEIMUMBACTCS KOJIMYECTBO BOBJICYEHHBIX B
CaMOBOCCTaHOBJICHHE MUKPOKAIICYJI.
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Fig. 8:  Compressive strength recovery rate
YCTaHOBJ'IeHO, YTO CKOpPOCTb BOCCTAHOBJICHHSA IpoOBOAAIINE CBOMCTBa HeMeHTHOfI KOMITO3HIIUH. HO3TOMy

MIPOYHOCTH Yy OOpa3IOB MOMOIHUTEIBHO TBepaeBmmx 30
HEHW B TEIUIOBJIAXKHOCTHBIX YCIOBUSAX camasl Ooibpmas, a
tBepAeBmnx 10 aueld — Haumenblias. [lpuumHa TaKoro
yBenmuueHus d(Q¢deKTa CaMOBOCCTAHOBIICHHUS MOXET OBITh
00BsICHEHAa  OTPaHUYCHHOCTHIO  CKOPOCTBIO  PEAKIUU
CUJIMKAThl HATpUsl B MaTepUase siipa MUKPOKAICYIIbl U YeEM
MEHBLIE YacCTHIl MOJHOCTbIO THAPATUPOBAHHOIO IIEMEHTA,
TeM OOJBIIIe CKOPOCTh BOCCTAHOBJICHHUS. 3aMEIUICHUE POCTa
Ki oOBscHSICTCS OrpaHUYCHHOCTHIO HE BCTYIHMBIIUX B
PEaKLMI0O MUKPOKAINCYJN, a YBEIWYEHHE JJIUTEIbHOCTU
BOCCTaHOBJICHUS HE JMacT HYXHEIH ¢ ¢ekT. [lapamiensro ¢
STHM pacCIIUpeHe OCHTOHWTA Y)KE BCTYIHUBIIETO B PEAKIIUN
MIPUBOMUT K 3aMOJHCHUIO TPEIIUH HOBOOOPA30BAHUSAMHU U
YMEHBIIECHUIO NMOCTYIUIEHUS BOJbI U3BHE.

Ha npouHocts Ha cxaTMe W CKOPOCTb
BOCCTAHOBJIEHHSI OeTOHAa B OOJBIIEH CTEHNEHA BIHSIOT
MUKPOKATICYITBI, a TpadeH CIYKUT JO0OaBKOU yITydIaromieit

BIIMSHUC rpa(beHa n3ydajand nOpu IMpovYrMX MOCTOAHHBIX

YCIIOBHSAX: COACPIKAHHUE MHUKPOKAICYN COCTaBiswio 2%,
LIEMEHTHBI KOMIIO3UT TBEpEN 28 CYTOK.
I[Ipu yBenmueHwm cojepxkaHus TpadeHa B

KOMITO3HTE, TPOYHOCTh OETOHAa CTaOMIIFHO BO3pPACTaeT o
cocraBa ¢ 0,1% rpadena u mocruraet 3HaueHus 121,6% or
KOHTpOJIbHOTO (puc. 9). JlanmpHellmee yBeIWYCHHE IOIU
rpadeHa MPUBOAWT K YMEHBUIEHUIO NPOYHOCTH H TIPH
conepkannu 0,5% OeToH MMeeT MPOYHOCTh Ha CHKaTHe
Bcero 92%. IlomydeHHble pe3ynabTaThl OOBSICHSIOTCS TEM,
yro rpadeH TpH HEOONBIIOM CONEP!KAHWUH YCKOpSET
IpoliecCchl THUApaTallud LIEMEHTa, 3aloJIHAET IYCTOTHl Ha
MUKPOYPOBHE, a TaKK€ H3MEHSET CTPYKTYpy NpOAYKTOB
THJIpaTalUH.
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Fig. 9:  Compressive strength of a 28-day specimen

Eme onua MexaHu3M Bo3JeHCTBUS Tpad)eHa MOXKET
)] OBITH OOBSICHEH €r0 BBICOKOH YIEIBHOM MOBEPXHOCTHIO, YTO
pacmpenensisi  ee

croco0cTByeT
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CBA3bIBAHUIO BOJIBI,
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PaBHOMEpPHO MO BCEM UEMEHTHOM Matpuue. Ilpu
JaNbHEHIIEM TMOBBIIIEHUU COAEPXKAHUS YaCTHIBI OKCUAA
rpajgeHa arperupyrorcss H 00pa3yloT MHUKPOSYEHKH ¢
HyJEBOM MPOYHOCTBIO, YTO CO3JAET TOYKH C MOBBIIICHHBIM
BHYTPEHHUM COIPOTHUBIICHUEM.

IloBepXHOCTHOE  CONPOTHBIIEHUE  ONPEAEISLIN
TaKke Ha oOpaslax TBEpAEBIINX 28 CyTOK. YCTaHOBWIIH,
YTO MHMHHMAaJbHBIC COAEPXKaHUS rpadeHa CYIIECTBEHHO He
BIUSIOT Ha compoTuBieHne, a coctaB ¢ 0,1% rpadena
uMeer comporuBieHue Bcero 48% OT KOHTPOIBHOrO (pHC.
10). JanbHeiiniee yBenuyeHne J0IU rpadeHa CymecTBEHHO
HE BIUSET HA CONPOTHUBIICHUE M OHO Ja)K€ HE3HAUYUTEIHHO
BO3pAcTaer, 4YTo TaKXKe OOBICHIETCS arperupoBaHHeM
JUCHEPCHBIX YacTULl M OAHOBPEMEHHBIM CHIDKCHHUEM
IUTACTUYHOCTH LEMEHTHOM CMECH, YTO MPHUBOJUT K
CHIDKEHHIO KadecTBa (OpMOBaHMSI U  00pa30BaHHIO
BO3/YIIHBIX IIYCTOT C BEICOKHUM COIPOTUBIICHUEM.
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Puc. 10: PacnpeneneHne NOBEPXHOCTHOTO CONPOTUBIICHHS 00pa3IoB
Fig. 10. Surface resistance distribution of specimens
V. BblBOlel U3 PE3yJIbTAaTOB SKCIICPUMCHTOB CaMOBOCCTAaHOBJICHHA HeMeHTHOﬁ KOMITO3 I

1. PaszpaboraHHBIE MUKPOKAIICYJbI COACPIKAIIUE CHINKAT

HaTpusa U OCHTOHUT U nosrydyacMbIC (I)I/IBI/IIIGCKI/IM

METOOAOM

© 2023 Global Journals

MOTYT

IIOBBICUTH

3¢ eKTHBHOCTH

(CKOPOCTh BOCCTAHOBJICHHMSI TIPOYHOCTH Ha C)KaTHe
BbIle, YeM Yy OObIUHBIX o00pasnoB). Meromamu
MUKpPOCKOIIMM M PEHTreHO(a3oBOro  aHam3a



YCTaHOBIICHO, 4TO MUKPOKAIICYJIIBI HMEIOT
chepuueckyto (opMy ¢ KadeCTBEHHOW OOOJIOUKOM
[IepOXOBaTON IMOBEpXHOCTH. [locime pacTpecKUBaHUS
000JIOYKH MaTepual sijipa Karcyllbl BEICBOOOXKIACTCS H
€ro TMPOAYKTHI PEAKIMU OCAKIAIOTCS B TPEIIMHAX,
3aIIOJTHSAS X ¥ TEM CaMbIM PEMOHTHPYS.

Beenenne mukpokarcyn 1m0 1% MOBEBIIIAET TPOYHOCTD
Ha CKaTHe, OIHAKO TMPH TaIbLHEHIIEM YBEITUYICHUM
JIOJTM MUKPOKATICYJ IMTPOYHOCTH MOCTEIIEHHO CHUYKACTCS
u npu comepxkanun 3,0% oHa OKa3bIBAaeTCS HIKE
KOHTPOJIBHOTO COCTaBa. PekoMeHIyeMoe cojep:KaHue
MUKPOKATICYNT cocTaBisier 2%, 9TO NaeT ONTHMaJbHEIC
MOKa3aTeln MIPOYHOCTH Ha CKaTHE i
CaMOBOCCTaHABJIUBAOIIETO AP PEKTa.

BBeneHre B KOMMO3WITMIO OKCHIa TpadeHa CHadaia
MOBEHIINIACT TIPOYHOCTH OCTOHA, a 3aTeM CHIKACT.
OnTuManpHOE  COICpKaHHME OKcuma rpadeHa B
O6eronnoii kommnosunuu cocrasiseT oT 0,05 mo 0,15%,
YTO MO3BOJISIET HAHOOJIEE MOJHO HMCIOIb30BaTh JAHHOE

MPEUMYILECTBO.
JlobaBienue okcuna rpadeHa yinydmaeT NpoBOANMOCTh
[IEMEHTHOIO  O€TOHa, ONTHMANBHOE  COJCPXKAHUE

cocraisier 0,1%: HmwKe »dTOro TrpadeH MeHbLIe
yIy4qIIaeT IMPOBOAMMOCTb, a MPEBBIIICHNAE HE YITy4IIaeT
JaHHYIO XapaKTepUCTHKY M C YYEeTOM CTOUMOCTH
MaTepuaia SIBIISIETCSI HSKOHOMHYECKH
HeleIeco00pa3HbIM.
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Topology Optimization: Applications of VFLSM
and SESO in the Generation of Three-
Dimensional Strut-and-Tie Models

Hélio Luiz Simonetti ¢, Valério S. Almeida °, Virgil Del Duca Aimeida °, Luttgardes de Oliveira Neto @,
Marlan D. S. Cutrim ¥ & Vitor Manuel A. Leitao ®

Abstract- This article presents the analysis of Strut-and-Tie
Model (STM) in reinforced concrete 3D structures based on
the study of topological optimization, so that the problem is
formulated with the Smooth-ESO (SESO) discrete method,
whose removal heuristic is bidirectional with discrete
optimization procedure, and the Velocity Field Level Set
Method (VFLSM), which is an inheritance of the classical
continuum Level Set Method (LSM), but advances the design
limits with a velocity field constructed from the rate of the
design variables and base functions. The proposed approach
is to couple both methods in conjunction with the Method of
Moving Asymptotes (MMA), used to control the various design
constraints that are the minimization of compliance and the
Von Mises stress that has demonstrated more rational STM
results. Additionally, it has been formulated a methodology for
the automatic generation of optimal of 3D STM by using
sensitivity analysis obtaining via derivatives of the Von Mises
stress fields, finding the force paths prevailing compression in
the directions of the strut and the tensile in the directions of the
ties for the reinforcement insertion. All the codes are
implemented with Matlab software and several comparison
examples: Deep beam with opening, a pile cap, a bridge pier,
and a single corbel, are presented to validate the present
formulations and the results are compared with the literature.
Keywords: reinforced concrete, topology optimization,
strut-and-tie model, SESO, VFLSM.

[. INTRODUCTION

n the field of structural engineering, most concrete
linear elements are designed by the classical theory
of Bernoulli hypothesis. For a real physical analysis
about behavior of these bending elements it is common
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to use the Strut-and-Tie Model (STM) that is a
generalization of the classical analogy of the truss beam
model. This analogy is shown by Ritter and Morsch at
the beginning of the twentieth century, associated with
the Reinforced Concrete (RC) beam in an equivalent
truss structure (regions B, Fig. 1). The bar elements
represent the fields of tensile and the compressed struts
emerged inside the structural element as bending
effects. The analogy has been improved and is still used
by the technical standards in the design of reinforced
concrete beams in flexural and shear force and laying
down various criteria for determining safe limits in its
procedures. However, the application of this hypothesis
for any structural element can lead to over or under
sizing of certain parts of the structure.

The Bernoulli hypothesis is valid for parts of the
frame that there is no interference from other regions,
such as sections near the columns, changing in
geometry or other areas where the influence of strain
due to shear efforts is not negligible. In this line, there
are regions where the assumptions of Bernoulli do not
adequately represent the bending structural behavior
and the stress distribution. Structural elements such as
beams, walls and pile caps and special areas such as
beam-column connection, openings in beams and
geometric discontinuities are examples. These regions,
denominated “discontinuity regions D”, are limited to
distances of the dimension order of structural adjacent
elements (Saint Venant's principle), that the shear
stresses are applicable and the distribution of strains in
the cross section is not linear. From the 80's, a Professor
at the University of Stuttgart and other collaborators
presented several researches that evaluated these
regions more adequately, as [1], [2], [3], and other
researchers as [4], [5] and [6]. The pioneering work by
[1] describes the STM more generally, covering the
equivalent truss models and including these regions and
special structural elements. The analogy used in the
STM uses the same idea of the classical theory in order
to define bars representing the flow of stress trying to
create the shortest and more logical path loads. Several
experimental evaluations have been studied to validate
the STM applied to the RC design, as [7], [8], [9] and
[10].
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The STM is recognized as a rational approach
to the design of discontinuity regions and is
incorporated in several current codes, such as ASCE-
ACI 445 on Shear and Torsion [11], [12], [13] and [14].
These code provisions still require improvement due to
uncertainties in the selection of optimal struts-and-ties,
especially in the case of complex geometry or general

load application conditions. Because of its simple model
and needs the experience of the designer to select and
distribute the elements of the model in order to
represent the stresses path in a better way, it becomes
evident the use of more reliable and automatic tools for
defining its geometric and structural configuration.

Fig. 1: D and B regions

To overcome these difficulties and improve the
efficiency in building the optimal STM in RC structures,
the theory of Topology Optimization (TO) has been used
for two decades as an alternative and systematic
approach consolidating itself as a fruitful path of design
related research, once facilitates the shaping of
materials under certain conditions. Many methods have
been proposed for the solution of TO applied to STM,
highlighting the use of the classical SIMP: [15], [16],
[17], or ESO (Evolutionary Structural Optimization): [18],
[19], [20], Liang et al. [21,22,23], Chen et al. [24],
Zhong et al. [25], or variants, like BESO, Shobeiri et al.
[26], RESO (Refined ESO), Leu et al. [27] or SESO
proposed by the present authors, Almeida et al. [28].
SESO is based on the philosophy that if an element is
not really necessary for the structure, its contribution to
the structural stiffness is gradually diminished until it
does not have any influence in the structure; that is, its
removal is done smoothly, not radically as in the ESO
method, that have been showed more efficient and
robust and less sensitive to the discretization than ESO
and faster than BESO, causing a decrease of the
checkerboard formation.

In the last decade, the Level Set Method (LSM)
has been highlighted in the field of TO, different from the
conventional element wise density-based methods. LSM
has clearer and smoother results and are flexible for
complex topological changing, citing the pioneer’s
works of [29], [30] and [31]. The method describes the
topological path by an implicit shape evolutive
sequence by using a higher dimensional function to the
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design space for achieving the minimum energy under
design constraints. Several other schemes have been
included in the standard LSM to improve performance
and achieve better results for general applications, like
[32], [33]. Wang and Kang [34,35] proposed the
Velocity Field Level Set Method (VFLSM) which has
been proved to be more efficient to deal with multiple
constraints and design variables than LSM, but few
works have been applied to STM by using VFLSM.

OT in solving problems in the field of 3D STM is
not much explored for general D-regions, discouraged
by the instabilities (checkerboard problem) inherent to
SIMP, ESO/BESO or the complex formulation and high
processing time of LSM/VFLSM. Thus, for stabilizing and
accelerating the TO solution, several mathematical
optimization methods have been proposed, such as
Optimality Criteria, by Huang et al. [36] with BESO,
Augmented Lagrangian [37] or [38] with Level-Set,
Lagrangian multiplier by [39] and [40] with LSM, or the
Method of Moving Asymptotes (MMA), by [41] with
SIMP.

In the present work, aiming at the solution of 3D
STM in general reinforced concrete problems, the SESO
methods whose advantages are easy implementation
and decrease of the checkerboard effect and the
VFLSM, which deals well with shape and topological
optimizations, are formulated together with the MMA
optimization method to accelerate and stabilize 3D STM.
It is also noteworthy new approach of sensitivity analysis
is incorporated in these formulations for the automatic
generation of struts-and-ties based on partial derivatives



with respect to Von Mises stresses. The volume
constraints are considered in the analyses, as the
implementation of a spatial filter and the conjugate
gradient method with the incomplete Cholesky
preconditioner to speed up the solution of the linear
system of each step of the search.

a) Problem Formulation
Considering the classical topology problem for
the maximum stifiness of statically loaded linear elastic

Minimize:
Subjectto: Ku=F
V(X) =
X ={x1x; x3 ...

with E, being the element's elasticity matrix, ¢, is the
element's strain vector, V, is the volume of an element,
NE is the number of finite elements of the mesh, K is the
stiffness matrix, Ku = F is the equilibrium equation, F is
the vector of loads applied to the structure, x; is the
design variable of the i-th element, X is the vector of
design variables.

b) Smooth Evolutionary Structural Optimization (SESO)
The ESO method, which heuristic is based on
the gradual and systematic removal of elements whose
contribution to the stiffness of the structure are
insignificant, was proposed by Xie and Steven [42]. The
SESO method proposed by Simonetti et al. [43] is
based on the ESO philosophy and applies a weighting
to the constitutive matrix so that the element that would
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i

QT QT & T4

Total of elements

structures, a TO mathematical formulation for continuum
structure can be discussed. Considering the TO
problem as minimizing the deformation energy of a
given structure considering the equilibrium, it follows
that W=2U. The problem can then be defined as:

Uux) ——uTKu = 21 e el'E, (x)e,dV,

XV, -V<0 (1)

Xp}, xi =1lorx; =0

be eliminated is maintained and receives a smoothing
characteristic. This treatment procedure applies a
degradation in the value of its initial stiffness in such,
during the removal process, its influence can contribute
and determine its permanence or its definitive
withdrawal from the design domain. Thus, the elements
located near the limit to the left of this maximum strain
energy are kept in the structure, defining a smoother
heuristic removal. In Fig. 2, D(j) is the constitutive matrix
of element |, I' = I} + Iz is the domain of elements
that can be withdrawn, Isis the domain of elements that
must be effectively removed, I is the domain of
elements that are returned to the structure, 0 < n(I) <
1is a weighted function.
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Fig. 2: Classic procedure in strain energy: (a) SESO and (b) ESO

c) The Level Set Method (LSM)

LSM is a technique for representing moving
interfaces or boundaries using a fixed mesh. The
dynamics of the interfaces can be formulated as the

evolution of the level function defined by ¢(x(t),t),
which is continuous Lipschitz and is usually defined as
follows
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with xeD < {(x,y)eR?} is any point in the design
domain D and dQ is the solid domain boundary as
shown in Fig. 3 for a 2D case.

In classical LSM for TO, such as [30] and [31],
the design evolution is based on the solution of the
Hamilton-Jacobi partial differential Eq. (4). Thus, it
needs an appropriate choice of finite difference
methods on a fixed cartesian mesh. In general, the
design update involves differentiation, resetting and
velocity extension.

plx,t) >0 P(x,t) =0

plet) <0

a9
E—%W@l—o 3)
740
=vV. [-— 4
v, =V. ( IV(DI) (4)

with V@ denotes the gradient of a function, t is the
pseudo time that represents the evolution of the function
¢(x, t) defined, V,(x,t) is the normal velocity vector
(pointing outwards) based on the derivatives of the
shape functions in the TO problem.
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o

Fig. 3: Evolution history of the 2D geometry to a 3D level

Recently, Wang and Kang [34, 35] proposed a
100-line Velocity Field Level Set (VFLS), implemented in
Matlab code. The structural shape and topology are
updated by a velocity field constructed with the base
function and velocity design variables defined
throughout the domain. Then, the velocity field
determines the search direction of the shape and the
topological evolution can be obtained by a generic
mathematical programming algorithm, which makes it
more convenient and efficient to deal with multiple
constraints and types of design variables. For VFLS, we
have:

N
ACEDW N ©
j=1

with ;G = 1,2, ..., N) are the velocity design variables at
N velocity points distributed throughout the main design,
and p; (x) are the basic functions. It is observed that
when p; satisfies the properties of the Kronecker delta it
has p; =V, of Eq.(3).

[I. OPTIMIZATION ALGORITHM - MOVING
ASYMPTOTES METHOD
To accelerate and stabilize the present 3D STM
in this paper, MMA is employed, which is a
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mathematical programming algorithm suitable for TO,
capable of handling optimization of many constraints
and design variables. At each step of the algorithm's
iterative process, a convex approximation subproblem is
generated and solved. The generation of these
subproblems is controlled by the moving asymptotes,
which can both stabilize and accelerate the
convergence of the overall process, [44].

The optimal solution of the subproblem may or
may not be accepted: if so, the outer iteration is
completed; if not, a new inner iteration is performed, in
which a new subproblem is generated and solved. The
iterations are repeated until the values of the
approximations of the objective function and the
constraints become greater than or equal to the values
of the original function when evaluated in the optimal
solution of the subproblem, that is, until the conservative
condition is satisfied for the functions involved. The
approximations that characterize the MMA are rational
functions whose asymptotes are updated at each
iteration. It is noteworthy that the use of rational
approximations is justified by the fact that in several
structural engineering problems where reciprocal
variables arise, that is, interaction and mutual effort,
given the objective function or a constraint C(x), the
approximation functions are given by:



where r; e s; are defined as:
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For the optimization problem in compliance Eq. (8), it is known that it is satisfied beoause% < 0. Then

the MMA provides the current design with an approximation of a linear programming problem of the type:
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with % = {xex|0.9L% +0.1x* < x, < 0.9U® +0.1xM } vi=12,..,n

with L% and U® being lower and upper asymptotes,
respectively, k is the current iteration, n the number of
design variables, x* the design variable and v the
prescribed volume. The following heuristic rule is used
by [44] for updating the asymptotes, for the first two
outer iterations, when k =1 and k = 2 are adopted:

Ul 4+ 1% = 2x® (10)

u® — 1% =1
Fork =3
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k k k
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where the values of ¢,& and ¢ were fitted in the
respective numerical ranges 0.65 < ¢ <0.75, 1.15<
£§<125and09<¢<1.

It can be seen in Eq. (11) that the MMA saves
the signal of three consecutive iterations. Thus, when
the signals alternate, the MMA detects that the values of

the design variables are oscillating, i.e., (xl.(k)—
xED) (D — D) <o, the asymptotes

1
(o) = > [(011 — 022)% + (025 — 033)% + (033 — 011)%] + 3(0fy + 053 + 04)

approximate the design point xi(k). If the values of the
design variables do not oscillate, i.e., (xl.(k) -
xED)(x*V —x*P) > 0, then the MMA moves the
asymptotes away from the design point in order to
accelerate up convergence. There are two approaches
to solving subproblems in MMA, the "dual approach"
and the "primal-dual interior point approach". The dual
approach is based on the dual Lagrangian relaxation
corresponding to the subproblem, which seeks the
maximization of a concave obijective function without
other constraints and the non-negativity condition on the
variables. This dual problem can be solved by a
modified Newton method, and then the dual optimal
solution can be translated into a corresponding optimal
solution of the primal subproblem, which is used in this

paper.
[[I. METHODOLOGY FOR GENERATION 3D
STRUT-AND-TIE MODELS AND THE FINAL
FLOWCHART
To determine the path load of the 3D bars of the
STM from the TO analysis, this paper employs a new
procedure to evaluate the struts and ties by the signs of

the derivatives of the Von Mises stress components. It is
known that for 3D problems they can be written as

(12)
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Taking the local calculation of the derivative of the von Mises stress of the element with respect to the

components of the stress vector described respectively as:
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compressed (green color - strut). The flowchart
presented in Fig. 4 shows the original methodology
presented in this section with the approach of using
element sensitivity for automatic generation of STMs via
stress derivatives, when a target volume is reached, the
stopping criterion is reached. A set of techniques has
not yet been presented in scientific articles on 3D
models, so the results obtained in item 4 are compared
with those proposed by [16], [26] and [45]. Highlights
that the VFLSM method required a neighborhood filter to
define the tensile (blue) and compression (green)
regions. This filter is due to intermediate values that
occur in continuous TO methods such as the
intermediate  densities that occur in the SIMP
methodology.

Considering Eq.(13) and making >0

< 0 are preponderantly

IV. NUMERICAL EXAMPLES

The following examples of  structures
engineering focus on TO base on minimizing
compliance for STMs. The geometry and boundary
conditions for numerical applications are represented for
each case. All numerical examples were processed on a
Core i7-2370, 8th Gen notebook, 2.8 GHz CPU with 20.0
GB (RAM).

a) Example 1-Deep Beam with Opening

The example presents a simply supported deep
beam with an opening at the bottom left corner. The
beam has its span three times its height and it is defined
in [46], where the simple bending structural behavior is
no longer considered. A vertical downward force
F=3000 kN is applied eccentrically at the top edge as
shown in Fig. 5. The structure is discretized with a total
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- vm
20}

of 65,420 hexahedral elements (SESO) and 65,420
tetrahedral elements (LSM) (Fig. 5 shows the design
domain and its boundary conditions). In this
configuration, the force in off-center position and the
opening positioned near the left low end create a
situation that changes the internal stress flow in the
structure, between the load and the supports. The tie
elements, resulting from tensile stresses, are positioned
at the extremities of the strut elements, resulting from
compressive stresses, geometrically defining the final
model.
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Fig. 4: Flowchart of the STM via TO

Fig. 5: Design domain and boundary conditions
(measuring in cm)

Fig. 6 provides the optimal topologies of the
optimization procedures for the SESO (Fig. 6a and Fig.

()
Fig. 6: Topology optimal for deep beam: (a) SESO-MMA,; (b) SESO — OC and (c) VLSM-MMA

6b) and VFSLM (Fig. 6¢) methods, with a final volume
fraction equal to 32%. The optimal configurations have
similarity to the classical STM presented by [1] and later
by [20]. The computational cost presented by SESO
using Optimality Criteria [47] is approximately 40% lower
than the SESO and VFLSM methods using the MMA. It
can be also noticed in Fig. 6 that the optimal settings
obtained by the VFLSM formulation clearly defines
distinct elements (strut or tie) near the lateral faces of
the deep beam, resulting in a more discrete STM,
compared to the optimal settings presented by the
SESO method. The classic model, Fig. 7, denotes three
diagonal struts starting from the region of load
application, one of them external directed to the closest
support, another contouring the opening and directed to
the support, and a third internal one. The ends of the
struts are connected by tie composing the final structure
of the STM.

(©)
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(a)

L

(b)

A

Fig. 7: Topology optimal for deep beam with opening: classical model (a) [28]; (b) [45]

In Fig. 8 it can be seen that the SESO
formulation (Fig. 8a) results in a setting similar to the
classical model, but the VFLSM formulation (Fig. 8b)
presents a model with a discretely simpler setting, with
the internal strut in the vertical direction, unifying at a
lower point the two ties. This setting simplifies the

design procedure and the reinforcement detailing of the
reinforced concrete structure, in the practical and
executive sense, although the classic model makes it
possible to calculate the complementary reinforcement
around the opening.

& &
AN A

Fig. 8: Strut-and-tie models: (

b) Example 2 — Pile Cap

In this example, a building foundation structure
is dimensioned as a pile cap according to the
dimensions shown in Fig. 9, for consideration as a rigid
block and to enable the analysis by the STM concept.
The pile cap is subjected to a vertical force of 4,000 kN
located at the center of the upper face. The material
properties used are the compressive strength of the
concrete cylinder is 32 MPa. The Young's modulus of
the concrete E, = 25,000 MPa and Poisson's coefficient
v = 0.15. The filter radius r;,;,, = 1.5 mm mm and the
volume fraction of 22.5%, a rejection ratio, RR = 1% and
the evolution ratio ER = 2% were specified in the
optimization process.
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a) SESQO; (b) VFLSM
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Fig. 9: Design domain and boundary conditions of pile cap

In the numerical simulations, to discretize the
domain of the structure, a refined mesh of 40x20x40
was used, totaling 32,000 hexahedral elements (SESO)
with 1mm reference side was used and a mesh of
32,000 tetrahedral elements (VFLSM). The results
obtained as final optimal topologies of this problem for
these meshes are represented in Fig. 10 and can be
compared with the results with those presented by [16]
and [26], see Fig. 11.

The optimal topology is basically composed of
discrete elements represented in the principal stress
flows. These optimal settings are adequate to perform
the detailing and dimensioning of the required

reinforcement, as well as strength checks. In this
structure, the vertical load is distributed in four struts
inclined toward the supports represented by vertical
piles. The models highlight elements at the base of the
pile cap, representing the tensile stresses, where a
plane frame of ties balances the strut ends generated by
the 3D structure in both horizontal directions, Fig. 10,
where it can be seen the optimum topologies for the two
methods, SESO and VFLSM. In the automatic
generation of the strut models, it was considered the
main flows of distinct stresses by colors, where the
region of compression struts is green color and the
region of tensile ties is blue.

a)
Fig. 10: Optimal topology: (a) SESO; (b) VLSM (present formulation)

b)
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Fig. 11: Optimal topology: (a) BESO by [26]; (b) SIMP by [16]

Although the models result quite similar, when
approaching this problem, one must consider the
increased computational burden associated with a 3D
structure; a solid mesh usually requires that many
elements be investigated at an adequate level of detalil,
with notable consequences on the number of equations
and variables. Seeking to minimize this aspect of the
processing, the system of equations received the
implementation of a sparse  approximation
preconditioner for the inverse matrix. With this routine
active, the computational cost of SESO-3D for this
problem was decreased from 8,000 sec to 1,854 sec
(4.3 times less) while VFLSM had a decrease from 8,000
sec to 3,851sec (2.1 times less).

The dimensioning of the reinforcement of this
model is performed, as already presented in [28]; in the
A, = YTt 1.4+1,250

sdtie ™ g, T 50/1.15

calculations of the dimensions of the model elements,
namely, inclined compression strut - column-pile and
horizontal tension tie - pile-pile, the geometry of the
problem presented [26] is used:

4,000
. 4
Strut — ¢, = ——==—=2,031kN
force in Stru 1= Sin(295)
f in Ti T, =C cos(29.5) 1,250 kN
orceinTie — T =C,———=1,
NG

Two evaluations need to be performed, the
limits of stresses in the steel bars (CA50) for the tie and
stresses in the concrete (C32) of the struts. According to
the Brazilian technical standard, we have the following
expressions:

= 40.25 cm? (3 layers of 4 No. 22)

adopting steel bar with diameter d = 22 mm with 12 bars (Asffective = 45.60 cm?)

In the inclined strut, the verification of the compressive stresses is performed according to
ConcretoC32 — f,, =32 MPa

E,; = ag * a; *5600 * ,/f, = 1.0 %« 0.88 * 5600 * V32 = 27,877 MPa

and the area of the strut required for the design strength of the concrete not to be exceeded:

vixG o

1.4 %2,031

= 1.555cm?

Acd ,Sstrut

By way of comparison, in [26], the results of this
sizing are Ayq ;e = 41.66 cm? and Ayq gy = 1,659 cm?.
The differences in values (3.5% and 6.3, respectively)
are due to different calculation criteria between the
technical standards used, but values of the same order
of magnitude can be considered. Fig. 12 shows the
reinforcement arrangement for the pile cap.
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Fig. 12: Reinforcement arrangement for the pile cap

c) Example 3 — Bridge pier

The SESO and VFLSM methods using the MMA
as accelerator are applied to a structure representing a
column receiving loading from the bridge
superstructure, represented by four vertical forces, as
shown in Fig. 13. The concrete material properties,
rejection ratio (RR), evolutionary ratio (ER) and filter
radius are the same as in the previous example. For the
numerical simulations, in the SESO method the bridge
support is discretized using a fine mesh of 85x55x20
hexahedral elements of eight nodes, with reference side
of 1 mm, while in the VFLSM method the mesh used has
85x20x55, totaling 93,500 tetrahedral finite elements.

Compliance
e ; : =

Compliance
3 &
=

The compliance history and the performance of the
methods during the optimization procedure are plotted
in Fig. 14. It can be seen in Fig. 14b that the
performance index perfectly captures the changes in
compliance and increases from unity to a maximum
value of 2.3, stabilizing quickly around 2.1, the value at
the optimal iteration.

The history of the optimization procedure via
SESO and VFLSM for the bridge pier are shown in Fig. 1
and Fig. 16. The optimal topologies were achieved at
iterations 82 and 100 with final volumes equal to 20% of
the initial volume and a computational cost of 4,315.8
sec for SESO while VFLSM showed a computational
cost of 5,486.5 sec.

F

Fig. 13: Project domain of the Bridge pier

Performance Index
= T T
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x]
- = -

g

- 0=

Fig. 14: Performance Index: topological history
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(a) Iteration 0

(b) Iteration 25

(c) Iteration 82

(d) Iteration 82

Fig. 15: Optimization history of bridge pier with SESO: (a) initial structure; (b) topology at iteration 25; (c) optimal
topology at iteration 82; (d) optimal topology (hexahedral elements)

(a) Iteration 0

(b) Iteration 25

(c) Iteration 68

(d) Iteration 100

Fig. 16: Optimization history of bridge pier VFLSM: (a) initial structure; (b) topology at iteration 25; (c) optimal
topology at iteration 68 (d) optimal topology (tetrahedral elements)

The optimal settings with highlights of the
distinct regions by colors are presented in Fig. 17 for the
two methods proposed in this paper. In these
representations, a vertical axial force is expected to
balance the symmetric external loads in the region of the
base constraint. The applied vertical forces, in fact, are
transferred to the column axis by means of two inclined
struts and two vertical struts that merge into two in the
proximity of the top region of the vertical element, driving
the load distribution to the lower region where are the
base supports. Note that the SESO method creates a
unified region at the base while the VFLSM method sets

© 2023 Global Journals

up two parallel vertical paths. In addition, a horizontal
tensile tie is arranged at the top of the body receiving
the applied forces, which ensures the "T" geometry of
the structure and configures the struts equilibrium in the
load application zones. From a numerical point of view,
the result obtained is optimal and configures the
symmetry defined by the position of the design load. For
automatic generation of STM models in the VFLSM
method, it was necessary to implement the derivatives
of von Mises stresses in the code proposed by [34]. Fig.
17b exhibits an optimal topology of VFLSM with tensile
stress flows (blue) in the upper part and compression



stress flows (green) similar to those of the SESO
method, Fig. 17a, highlighting the robustness of both
methods for creating strut-and-tie models. With the
objective of investigate the effects of D-regions, three
holes were inserted in the horizontal element of the
bridge pier structure, and the number of finite elements
of the mesh was reduced to 88,700, as shown in Fig. 18.
The optimal topologies of the SESO and VFLSM models
are represented in Fig. 19, where the struts are
represented by green color and the ties by blue color.
The optimum results obtained demonstrate that
the presence of geometric discontinuities produces
changes in the stress flows, that seek to contour the

o

discontinuities, describing practically vertical struts in
the horizontal body of the bridge pier from the points of
load application. These struts bend below the openings
to meet at the top of the vertical element, creating points
of deviation that need to be equilibrated by tensile ties.
In Fig. 19, it can be seen the representations of STM
elements created as described.

This modification with the presence of the
openings affects the STMs models significantly, and the
real load transfer mechanism can change with the
dimensions of the openings. The optimization histories
are shown in Fig. 20 and Fig. 21, by the SESO and
VFLSM formulations, respectively.

Fig. 17: Bridge Pier: Strut-and-tie models (a) SESO and (b) VFLSM

F

F

Fig. 18: Bridge pier with three holes as structural discontinuities in horizontal braces

()

o

Fig. 19: Strut-and-tie model: (a) SESO and (b) VFLSM
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(a) Iteration 0

e

(c¢) Iteration 82

L g

(b) Iteration 25

(d) Iteration 82

Fig. 20: Optimization history of bridge pier with openings SESQO: (a) initial structure ; (b) topology at iteration 25; (c)
optimal topology at iteration 70; (d) final optimal topology

(a) Iteration 0

v

(c) Iteration 70

(b) Iteration 25

T

(d) Iteration 100

Fig. 21: Optimization history of bridge pier with openings VFLSM: (a) initial structure ; (b) topology at iteration 27; (c)
optimal topology at iteration 70; (d) optimal topology

d) Example 4- Single Corbel

The SESO and VFLSM methods were also
experimented with for modeling struts-and-ties in a
single corbel attached to a column. A simple structure
can eventually result in an intricate STM as the
dimensions and load arrangements can be defined. The
geometry and dimensions of the structure are shown in
Fig. 22. This single corbel is subjected to a
concentrated load of 1 kN. The compressive strength of
the concrete used in this example is 32 MPa. Young's
modulus of the concrete E = 28,567 MPa and the
Poisson's ratio v = 0.15 were defined in the analysis. A
prescribed fraction volume V = 022 m® and an
evolution ratio of ER = 2% was specified in the
optimization process.

© 2023 Global Journals

In the SESO method the structure was
discretized with a mesh of 44x12x108 unit hexahedral
finite elements. The performance of the structure was
monitored throughout the optimization procedure and,
despite the breaks in the load transfer mechanisms due
to element removal, the structure did not present failure
modes and the performance index remained higher than
1, stabilizing at 1.6. In the VFLSM method, the same
mesh was used, totaling 57,024 tetrahedral elements.
Figures 233, b, ¢ and d show that the optimal topologies
obtained by the two models are different and
checkerboard patterns were not detected. It is noted in
observation made in the deep beam example that both
formulations, SESO and VFLSM, define settings
differently for elements of strut-and-tie models. Discrete
elements are configured on the side faces of the models



in different regions, while complete planes are shaped in
other regions, with no common convention between the
two formulations. The presented results show that both
SESO-3D and VFLSM-3D are able to provide the

prediction of the load transfer mechanism in reinforced
concrete structures, even considering the structural
domain thickness in the configuration of the component
elements of the models.

Fig. 22: Single Corbel: Project Domain

prad

Fig. 23: Single Corbel, optimal topology: (a)

The STMs are presented in Fig. 24, it can be
seen that these models are different and capable of
clearly representing the location of the struts, ties and
nodal zones. These results can be compared with those
presented by [16] and [26]. It is also highlighted that the
parameters of the MMA optimizer were changed to
{ <098, ¢ <1.25 e ¢ < 0.75 proportion a more feasible
topology for design. Fig. 24b shows the optimal setting
of the VFLSM used for automatic creation of the STM
models; both formulations exhibit distinct tensile (blue)
and compressed (green) regions, even in the width of
the structural domain. Table 1 highlights the
computational cost of SESO and VFSLM in all the
examples presented in this paper evidencing the better
performance for SESO-OC and SESO-MMA compared
to VFLSM-MMA.

e (b) SESO (c) and (d) VFLSM
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dal

Fig. 24: Single Corbel, Strut-and-tie model: (a) SESO; (b) VFSLM
Table 1: Strut-and-tie Models and Computational Cost

Computation c ional | C ional
al Cost omputgtlona omputgtlona .
Structure (minute) Cost (minute) Cost (minute) Strut-and-tie Models
(SESO-OC) (SESO-MMA) (VFLSM)
Deep beam 90.7 100.8 229.81
with opening
Pile Cap 21.4 38.0 64.2
Bridge pier 57.9 95.0 159.3
Bridge pier with 56.5 95.9 158.6
three holes
Single Corbel 45.4 71.9 103.7
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V. CONCLUSIONS

This paper aimed to extend the application of
TO in 3D elasticity to obtain the best solution to STM
problems. It brought some processes as innovation,
such as the use of the SESO method and the VFLSM
employed in conjunction with the OC and MMA
methods to accelerate and stabilize the analyses; so
that, the first method demonstrated to be more efficient
when employed with the SESO, about 2 to 3 times faster
in all the examples evaluated. It is highlighted that in
these processes the incorporation of the linear solution
by the conjugate gradient method with the incomplete
Cholesky  preconditioner  further enhanced the
computational cost. In the automated generation of the
final designs of the STM, the procedure of obtaining
struts and ties computed by the partial derivatives of the
stresses of each element was applied highlighting that
this novelty is easy to implement and the use of a spatial
modal filter in the stress field was enough to completely
eliminate the checkerboard. From the automatic
generations performed, it was possible to design an
example according to the recurring norm in an
expeditious manner, in which the required reinforcement
areas were evaluated and compared, demonstrating a
good similarity. All codes were implemented in the high
level language Matlab, which is easily accessible and
extensible for future incorporation of other more realistic
models, such as a rheological model more suitable for
concrete. The study of STM using optimization applied
to both materials (steel and concrete), leading to
dimensioning and detailing of RC structural elements
under the reliability-based topology optimization (RBTO)
paradigm, taking advantage of the efficiency and
stability of the procedures, are the highlights in the
formulations developed in this paper.
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The use of Qil Shale for Road Coating

Mohamed Amine Alouani ¢, Dennoun Saifaoui °, Abdelkader Alouani ® & Younes Alouani ©

I. GENERAL INTRODUCTION AND
BACKGROUND

he world's strong economic growth and increasing
populations have generated a remarkably growing
demand for resources, especially energy. Current
conventional sources cannot meet the future needs.
Efforts are being focused on renewable energies, deep-
sea oil and the development of new techniques to value
heavy ails, tar sands and oil shale. This could bridge the
gap between energy demand and supply. Several
countries with oil shale deposits have launched projects
to examine the possibility of exploiting these deposits.
Morocco is one of these countries, with significant oil
shale deposits in the Middle Atlas (Timahdit), Tarfaya,
Tangier and Grand Atlas regions (Fig. 1) [1].

Morocco has a reserve of around 53 billion
barrels of oil shale, in addition to a rich capacity for
shale gas and oil. The exploration works for these
unconventional hydrocarbons, which began several
years ago, has proved highly encouraging. The first
research into the development of oil shale in Morocco
began in Tangier, with the creation of the oil shale
company of Tangier. The company built a pilot plant
with a daily capacity of 80 tons of oil shale. The Timahdit
and Tarfaya deposits were discovered in the 1960’s.
These last two deposits have been the subject of
several geological and mining studies, laboratory
studies, as well as pyrolysis and direct combustion
tests. Their oil shales have been tested by several
pyrolysis processes throughout the world mainly in the
United States, Europe, the former USSR, Canada and
Japan. They have been the subject of numerous
technical and economic feasibility studies.

This geological, mining and laboratory work,
which began in 1975 and continues to this day, has
enabled us to identify the characteristics of these
reserves in the deposits of Timahdit and Tarfaya oil
shales. These studies showed that Moroccan shales
could be upgraded by pyrolysis to produce
hydrocarbons. This led Morocco to launch its own
experiment and develop the T3 process (Acronym of the
three deposits of Tangier, Tarfaya and Timahdit) [2].

Morocco has significant oil shale resources,
ranking 6" worldwide after the USA, Russia, the
Democratic Republic of Congo, Brazil and ltaly, with a
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potential of 53 billion barrels of oil in field. This includes
over 37 billion barrels in the two main deposits of
Timahdit and Tarfaya.

Oil shale is used for a number of purposes,
including conversion into hydrocarbons through the
chemical process of pyrolysis and low-grade
combustion for power generation. It is equally used as a
raw material  (chemical industries, agriculture,
construction) for heavy oils particularly suited to diesel
engines, lubricating oils and tar used in the manufacture
of sealants and asphaltites.

At the international level, oil shale is exploited at
a limited scale despite how important the reserves are.
This is related to a double-fold problematic. The first one
concems economic challenges; the production of
petroleum from oil shale does not become economically
viable unless the price of a barrel is at a profitability
threshold. The second issue is related to environmental
challenges: the combustion and thermal processing of
oil shale generate waste and emit carbon dioxide into
the atmosphere.

In our studies and research program, we have
developed solutions to exploit oil shale deposits within
the framework of sustainable development, using
renewable energy sources, unconventional waters and
carbon dioxide collection techniques. In addition, we
integrate other uses, to make the overall exploitation of
oil shale deposits profitable, by reducing the impact on
the global environment in a remarkable manner.

To make the exploitation of oil shale deposits
profitable, our research has been directed towards the
development of other possible uses, such as road and
runway coating, cement production and the
manufacture of carbon plates. In this article, we develop
the use of shale for road coating.
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[I. DEFINITION AND CHARACTERIZATION OF
BiTuMINOUS SHALE

The distribution of oil shale deposits in Morocco
is shown in the figure (Fig. 1) below:
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Fig. 1. Distribution of oil shale deposits in Morocco [1]

a) General Definition of Bituminous Shale

Bituminous shales are rocks capable of
producing oil in commercial quantities when subjected
to pyrolysis. A sedimentary rock containing an insoluble
organic substance is referred to as pyro schist,
pyrobitumen shale, kerogen rock or, more commonly,

For organic matter

bituminous shale. It releases an oil with a general
appearance similar to crude oil by non-oxidizing heat
treatment at a temperature of between 400 and 500°C
[3].

b) Nature and Composition of Biturninous Shale

— Organic and mineral matter. Despite certain
similarities, the composition of the organic matter
contained in oil shale varies from one deposit to
another.

— Kerogen is a mixture of high-molecular-weight
compounds containing mainly carbon, hydrogen,
nitrogen, oxygen and sulfur. The oxygen and
nitrogen content are generally higher than crude
oils.

The organic matter in oil shale is richer in
aromatic sulfur compounds (benzothiophene
derivatives) and above all in resins and asphaltenes.
They are normally heavy but constitute minority
constituents in conventional oils (0 to 2% by weight),
and a majority in shale.

c) Chemical Reactions
Combustion
The chemical reactions that occur during shale

combustion can be presented as follows [1]:

Produced during  Shale

C nH n+ [5n/4 0] 2—nCO 2+n/2H 2 O+Q (Exothermic)

For terrigenous matter:

SI0_2-Si+0 2

For carbonate matter:

CaCO_3—-Ca0+C0O _2-Q (Endothermic)

For other elements:

2FeS 2+11/20 2—4S0 2+ [Fe 20] 3+Q (Exothermic)

I1I. GLOBAL EXPERIENCE AND GENERAL
PROPERTIES OF BITUMINOUS SHALE

a) Oil Shale Experience Worldwide

Oil shales are fine-grained sedimentary rocks
containing sufficient organic matter. They can be used
to produce oil and fuel gas. Qil shale can be converted
into liquid hydrocarbons by pyrolysis. It may be burned
directly as a low-grade fuel for power and heat
generation, or used as a base material in the chemical
industries.

© 2023 Global Journals



Figure 2: Example of an oil shale operation in Estonia (Eesti Energia)

Bituminous shale (also oil shales, pyro schists,
Kero bituminous) are fine-grained sedimentary rocks
containing enough organic matter, kerogen, to provide
oil and gas fuel. Qil shales vary considerably from one
another, in terms of their chemical composition, mineral
content, age, type of kerogen and manner of deposition.
The existing kerogen in oil shale can be converted into
oil through the chemical process of pyrolysis; the
decomposition of organic matter under the effect of
heat. In fact, the kerogen in oil shale is a kind of
"unfinished oil' that has not been exposed to the
sufficient temperature and pressure conditions to be
transformed into petroleum.

Oil shale can also be burned directly as a low-
grade fuel for the supply of electricity and heating. It can
be used as a raw material in the chemical industries for
subsequent extractions (Sulfur, Ammonia, Sealants,
Road Bitumen, Cement or Bricks). Qil shale contains
kerogen, which must be processed before oil can be
obtained, whereas tar sands and shale gas are directly
exploitable, containing trapped bitumen and gas
respectively. The following products can be obtained
from oil shale oil:

= Conversion to hydrocarbons through the chemical
process of pyrolysis

= Low-grade combustion for electricity generation

= Use as raw materials (chemical industries,
agriculture, construction).

QOil shale is still minimally exploited despite the
size of its reserves. This is due to a double fold issue.
Oil production from oil shale becomes economically
viable once the price per barrel reaches the profitability
threshold.

As for the environmental challenge, the
combustion and thermal processing of oil shale
generate waste and emit carbon dioxide into the
atmosphere. Despite these constraints, industrial
processing has already been launched, such as:

— Liquid hydrocarbon production in Estonia, Brazil
and China

— Electricity production in Estonia, China, Israel and
Germany

— Cement production in Estonia, Germany and China.
— Chemical industry in China, Estonia and Russia.

b) The Timahdit Oil Shale Case in Morocco

The oil shales of Timahdit (Morocco) may
constitute significant hydrocarbon resources, amounting
to more than nineteen billion tons of raw rock. This is
equivalent to around 8.9 billion barrels [1]. These argilo-
carbonate sedimentary rocks were formed at the end of
the secondary period.) They are essentially made up of
[3]:

- 30 to 75% terrigenous (clayey) material:
aluminosilicates predominate

— 25-50% carbonate matter: calcite is the main
constituent

— Organic matter from 12 to 24%. One part is soluble
in organic solvents, the other is insoluble in the
same solvents and constitutes kerogen.

The mineral composition of an average sample
of Timahdit oil shale [1] is shown in Table 1 below:

Table 1: Mineral composition of the Timahdit shale

Mineral Pourc(:;?tage
Dolomite (CaMg (CO,),) 15,9
Calcite (CaCOy,) 41,5
Quartz (SiO,) 19,5
Iite ((OH)4K; (SigAl,) AlOs) 13,4
Pyrite (FeS,) 1,8
FeCO, + FeO, 1,8
TiO, + Phosphate 2,4
Other elements 3,7

The concentration of dolomite is low when
compared with that generally found in the Colorado
shale in the USA. Thermal decomposition of dolomite
and calcite is a highly endothermic reaction. Maximum
temperatures in the combustion zone are, therefore,
higher for Timahdit shales than for Colorado shales
when the applied process is direct heating. Similarly, the
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kerogen composition of a sample of Timahdit shale [1]
is shown in Table 2.

Table 2: Elemental composition of Timahdit and
Colorado kerogen

% for Timahdit % for Colorado
Elements
kerogen kerogen

Carbon 69,2 80,5
Hydrogen 6,5 10,3
Azote 29 2,4
Sulfur 8,4 1,0
Oxygen 12,9 5,8

[V. SYNTHESIS OF THE SIMULATION OF THE
UsSE OF O1IL SHALE AS A RoAD COATING
TO REPLACE ROAD BITUMEN

a) Application Techniques for Bituminous Shale
The sub-base course must be produced in
strips, in accordance with the following procedure:

— Scraping soil in order to decompactify it and detect
any mining waste, afforestation or scrap metal.

— A tractor-mounted stone crusher is used to size the
largest schist blocks to 60 mm.

— Adjustment of water content by sprinkler and paver

— Binder spreading by spreader.

b) Summary of the Study on the Application of Oil Shale
for Road and Runway Coating
On the basis of various reserve evaluation
studies, geophysical, geological, mining, geochemical
and chemical work studies, we have characterized the
deposits according to the zones with profitable
exploitation. In addition to the use of bituminous layers
as a source of energy, we have identified their use in
road coating by replacing road bitumen which is a
residue of crude oil processing in an oil refinery.
Drawing on similar experience [5] and
simulation results, the results obtained are encouraging,
with very competitive repair costs.

c) Results Obtained from Studies, Simulations and Pilot
Tests carried out on the Application of Bituminous
Shale for Road and Runway Coating

Parameter optimization was based on
experimental design techniques applied in a similar
optimization case [4]. In addition to the economic
advantages and local availability, the results obtained
lead to the following conclusions:

— The products studied show reduced dry densities
compared with other types of coating.

— Swelling is virtually non-existent

— The products show very good resistance to direct
shearing, particularly in terms of very high angles of
internal friction.

© 2023 Global Journals

— Impact and wear
reference materials

— Qil shale-based materials have low degradability
and fragmentability under hydric and mechanical
stress.

resistance comparable to

A third phase was devoted to studying the
technical feasibility and economic viability of industrial
applications over long stretches of runways or roads to
be coated. The study showed that surfaces covered with
oil shale have comparable characteristics to those of
asphalt roads usually covered with petroleum bitumen.
The physico-chemical characteristics obtained were in
line with required standards. Economic profitability was
confirmed as well.
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Stabilization of a Sub-Saharan Laterite Soil using
Calcium Silicate

Babacar LY % Makhaly BA ° & Adama Dione *

Absiract- The main objective of the research being conducted
is, not only to achieve the required sail engineering properties
by mixing this product but also to consider the effect of this
product of soils stabilization on fine particles contained in
lateritic and typically clayey soils. This research work presents
the efficiency of calcium Silicate as an additive in improving
the engineering characteristics of laterite aggregate soil and
clayey soils. Investigations will be done to evaluate the
effectiveness of this soil stabilizer which involved the use of
calcium Silicate (CaSiO3) formula fixed by (Ndiaye et al, 2022).
As a chemical additive the percentage of the binder will be
respectively 4 and 6%.

These two types of soils are expected to be stabilized
and their effectiveness will be observed from the expected
results only in terms of strength and consolidation by constant
rate of strain parameters like recompression index (Cr) and
compression index (Cc).

The results of the tests conducted in Oregon State
University on laterite aggregate soil showed that the
compression strength (UCS) gives a value of 1,4 MPa for
SH85 treated samples against 1,5 MPa for Portland cement
ones but with a minimum of strain, under alternating
temperature conditions. However, this evolution is even more
important on clay samples, reaching 1.01 MPa of stress for
“dry black clay” against 0.44 MPa for the "dried black clay” as
peaks. The alternating wet and dried conditions were crucial
as well as the specimens sizes.

Keywords: soil stabilization, chemical additive, calcium
silicate, — unconfined  compressive  strength  and
consolidation by constant rate of strain.

[. AiM & OBJECTIVE OF THE WORK

he present work is aimed at assessing the effects

Tof Calcium Silicate (CaSiO3) in soil stabilization.

- We will be conducting an unconfined
compressive strength test (UCS) on the laterite
aggregate treated either by CaSiO3 or by cement.

-  We will also be conducting a Consolidation by
constant rate of strain (CRS) test on the black clay
treated samples, untreated red clay and untreated
black clay. The strengths of soils and their
compression parameters will be observed and
compared.

Author o o: University of Thies-Laboratory of Mechanics and Modeling
(L2M). e-mail: lyxbabs@yahoo.fr
Author p: National School of Mines and Geology (ENMG).

To fulfill the aim of this study, the following
objectives have been framed.

1. To procure the 6% treated black clay soil with
CaSiO3.

2. To procure the 4% treated laterite with CasiO3 and
the 4% treated laterite with cement samples.

3. To procure the untreated black clay and the
untreated red clay samples.

4. To study the results in term of UCS for laterite
samples or in term of consolidation by CRS for the
procured clayey samples.

5. To compare the performance of these soils when
stabilized with Calcium silicate with the same soils
when stabilized with Portland-cement.

[I. LITTERATURE

The Ngoundiane lateritic gravel borrow is
located in the western part of the Senegal-Mauritania
basin. The latter is the largest basin (340,000 km2) on
the passive margin of Africa's Atlantic coast. It covers
3/4 of the surface area of Senegal.

The western domain extends west from the 16°
30' W meridian to the slope of the continental slope, as
the basement has not yet been reached by drilling. The
Meso-Cenozoic sedimentary cover is estimated to be
8,000 m thick in Dakar and 10,000 m thick in Basse
Casamance. The oldest known borehole deposits in
southern Cape Verde date from the Bathonian to
Callovian periods. On the Thies plateau, the sedimentary
series is masked by the fini-Neogene ferruginous
cuirass, which extends northwards beneath Quaternary
eolian deposits. This cuirass developed on the soils of
the Thiés plateau after chemical alteration of the Eocene
sediments (Flicoteaux, 1982; Ducasse et al, 1978).

(Latifi et al., 2015) have conducted a study on a
treated tropical laterite soil with calcium-based powder
stabilizer (commercial name Sh85 we studied as
CaSiO3). A series of compressive strength tests was
performed to determine the strength performance of the
treated soil. The strength test results showed that the
Sh85 stabilized laterite soil was roughly five times
stronger than the untreated soil at the seven days of
curing period.

[II. METHODOLOGY ADOPTED

- Firstly, aggregate soil samples have been collected
from Senegal 02 sites (Bambey and Thiadiaye) in
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— Once the mixture and compaction

order to examine the elemental composition and the
morphological images (see appendix). From where
the Bambey laterite was chosen specifically from
Ngoundiane pit.

— Secondly, sieve analysis test has been performed to

determine each type of soil that we brought at the
Oregon state university, Civil and Construction
engineering facility.

test were
performed on the laterite sieved at 0/20 to find out
the optimum moisture content (OMC) at 10.2% and
Maximum dry density (MDD) at 2.06 g/cm3, and with
obtained OMC and MDD:

* A certain concentration of calcium silicate (CaSiO3)
has been fixed, mixed and compacted with each
soil sample using standard molders 100/150 mm or
3.75'/ 4.375".

* The percentile of Calcium silicate is fixed to 4%
added in the laterite specimen and 6% added in the

black clay specimen soil, as which the studies have
shown earlier.

* The unconfined compressive strength has been
performed to find the unconfined compressive
strength (UCS) of the laterite soil and the black clay
treated soil.

* The consolidation part of test has been performed
to evaluate the rate of compression for the
untreated or treated black clay specimens and the
untreated finest particles of clay found in the laterite
specimen.

— Finally, the results are compared for each type with
cement additives at the same percentiles.

IV. ExXPECTED OUTCOMES

It is expected that these soils specimens are
stabilized, and their engineering properties are
enhanced using that chemical additive at the
appropriate content.

V. RESULTS IN UCS OF LATERITE SPECIMENS
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Figure 1: Particle size distribution curve of laterite
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Figure 2: Evolution of the UCS of two (02) black clay specimens under different conditions

The analysis of the curve shows us a
progressive evolution of the UCS of two (02) black clay
specimens.

The “dried black clay” represents the specimen
treated by 6% of CaSiO3 and after 14 days normal
curing to which we added 2 days (24H in wet at 25*C
and 24H in dry at 110*C).

The “dry black clay” curve represents the
specimen treated by 6% of CaSiO3 and keeped in a dry
conditions at 25*C during the same timing.

0.45
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However, this evolution is even more important
reaching 1.01 MPa of stress for "dry black clay” against
0.44 MPa for the “dried black clay” as peaks.

The black clay is a swelling material,
consequently, its expansion in the presence of water
weakens it and makes it unfit for construction (figure 2).
The original swelling mechanisms of soils have been
widely studied, but it is still difficult to establish a
relationship between the progression of the issue and
the time (Cisse and al., 2017).

1 Cycling = 24H wet-24H dry (at 60 to 110* C)

M |at Sh-%wc

H lat cem-%wc

Black clay %wc

Figure 3: Water content per type of specimen (laterite 4% CaSiO3, laterite 4% cement and black clay 6% CaSiO3)

Alternating temperature between the wet
environment at 25*C and the dried one at 110*C oven ,
during 2 cycles, showed the tendency of Ilaterite

samples treated with cement to absorb more water than
those treated by calcium silicate (figure 3).
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The black clay samples have showed much more absorbance even though they were treated at 6% with
CaSiO3 and curing in that same process of alterning temperature.
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Figure 4: UCS of treated laterite samples after 28 days curing in dry and room conditions

Under room temperature (~25*C) and dry
storage conditions, the laterite samples were crushed at
28 days, under these conditions (figure 4), the laterite
treated with 4% cement (lat-cem4%-dry28days) reached
a peak of 1.11 MPa with an elongation level of about 6%
before collapsing to 18% elongation.

However, the calcium silicate-treated laterite
(lat-sh4%-dry28days) in the same conditions, despite

reaching 1.10 MPa with 8% elongation, only collapses to
about 13% (figure 4).

But, this does not tell us much about the
behavior in the natural environment with 3-4 months of
rainfall out of 12.

1.6
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1.2
1.0
0.8
0.6
0.4
0.2
0.0

Vertical Stress (MPa)

lat-sh4%-wet74-
dried21d
lat-cem4%-wet.Vd-
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4% Axial®frain (%)8%
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Figure 5: UCS of treated laterite samples after 28 days curing alterning a 24H storage in wet or a dried conditions

It was found that the CaSiO3-treated laterite
reached its peak faster with a minimum elongation of
about 6% against 8.5% for the cement-treated laterite, it
collapsed well before the cement-treated laterite at
about 10% against 11%.

Some complementary results in terms of
consolidation rate for the untreated and the treated
black clay samples once saturated can be used to
support this thesis further.
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Table 1: Classification of Ngoundiane laterite

- Latérite of Foundation Base Layer
Characteristics . I N
Ngoundiane Specifications Specifications
% QD <
0,008 17,33 - -
Sieve analysis mm
%O =2 5515 : :
mm
. W, (%) 43 < 40 <35
Limits of Atterberg %) > =20 15
GTR Classification B6
USCS
Classification GC
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Curve (a): untreated black Cc=0.14 and Cr=0.005

Figure 6: Consolidation curves by oedometer of treated and untreated clays

RESULTS WITH A CRS OF CONSOLIDATION FOR TREATED AND UNTREATED CLAY SPECIMENS

Curve (b): treated black Cc=0.0875 and Cr=0.0025
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Curve (c): untreated fine laterite Cr=0.0025 and Cc=0.100

Figure 6 shows the strain, versus log stress, and the curve obtained from the oedometer test for both untreated and
treated clay specimens of 6% CaSiO3 treated sample cured for 28 days.

a) The values for untreated black clay of compression
index, Cc and recompression index, Cr are 0.14 and
0.005, respectively.

b) While the Cc and Cr values for treated samples are
0.0875 and 0.0025, respectively.

c) Finally, the Cc and Cr values for untreated brown
fine laterite specimen are 0.100 and 0.0025,
respectively.

VII. CONCLUSION

Firstly, it was important to run the same UCS
test carried out on samples treated with either cement or
calcium silicate had to be carried out under alternating
conditions of extreme temperature (heat transferred by a
bituminous coating of about 110*C for 24H) and relative
humidity absorbance by capillary lift at 25*C.

It's shown that the specimen treated by cement
absorbed much more water than the one treated by
silicate.

Secondly, running the consolidation process,
has shown that the compression index, Cc value of the
treated black clay compared to the untreated black clay
decreases by 0.0525, has indicated a significant
improvement of the resistance to compressibility due to
CaSiO8 treatment. Also, the water content percentile

© 2023 Global Journals

decreased from 47% to 44% after the consolidation
process of the 02 specimens of black clay.

However, black clay has always been rejected
in Senegal as a soil material that can support any
construction. This study of its behavior in an
environment of alternating heat and water makes it
fragile and confirms its unsuitability for any use as a
support soil or subgrade without other specific
treatment.

Finally, the cement-treated sample was found to
absorb much more water than the calcium silicate-
treated sample. This would make it less resistant over
time.
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APPENDICE IN TERMS OF ELEMENTAL
COMPOSITION FOR LATERITES

Calcium Silicate as a chemical additive is found
that it will act as a good compaction aid between the
soil particles, and it is very soluble in water. The images
obtained by scanning electron microscopy (SEM) show
the elemental composition of the most representative
samples based on the percentile of atoms:

sample 1_sitel_laterite(1)

Figure 7: Image of the sample 1 as raw laterite from the Thiadiaye site
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Full scale counts: 4902 sample 1_sitel_laterite(1)_ptl Cursor:
Integral Counts: 250897
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Figure 8: Elemental composition of the raw laterite from Thiadiaye site 1

sample 3_site? laterite mix compack(1)

Figure 9: Image of the sample 3 compacted mix laterite from the Thiadiaye
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Full scale counts: 5823 sample 3_site2_laterite mix compact(1)_ptl Cursor:  3.781 keV
Integral Counts: 385158 293 Counts

kim - 80 - Hg keV
Figure 10: Elemental composition of the sample 3 compacted mix laterite from Thiadiaye
sample 5_sitel_laterite mix3 (5)

sample 5_sitel_laterite mix3 (1)

Figure 11: 2 images of the sample 5 of compacted mix laterite from bambey site

Full scale counts: 3555 sample 5_sitel_laterite mix3 (3)_ptl Cursor:  4.500 keV
Integral Counts: 314531 20 Counts
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Figure 12: Elemental composition of the sample 5 compacted mix laterite from Bambey
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sample 7_sitel_binder (2)

Figure 13: Image of the pure binder in powder as sample 7

scale counts: 9885 sample 7_sitel_binder (2)_pt1 Cursor: 4.500 keV
gral Counts: 1333845 423 Counts
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Figure 14: Elemental composition of the pure binder as sample 7
Tableau 1: Percentile of atoms in the pure binder as sample 7

cC O Na Mg A & S ¢ K Cca Ti Fe Cu
sample 7 Site1 4.0 a040 011 024 137 571 046 040 5440 037 280

_binder (2) pt!

sample 7 sitel

_binder (2) pt2 223 39.19 026 229 376 038 021 013 46.78 034 416 0.29
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Understanding the Factors Influencing Pedestrian Crossing
Behavior and its Effect on Road Performance in Port Harcourt
City

By Captain Gospel Otto, Chinonyerem B. Onyekaba & Peace Ifesinachi Okafor

Abstract- In Port Harcourt city, the design of roads do not adequately accommodate pedestrians,
leading to ongoing conflicts as motorists and pedestrians try to share the limited spaces on
roads. However response time to control vehicles in Port Harcourt is minimal making pedestrian
crossing behavior at intersections and midblock crossings significantly more complicated. These
problems created the need for additional research into pedestrian crossing behavior at crucial
roads in Port Harcourt. This study's primary goal is to discover the factors influencing pedestrian
crossing behavior at signalized intersections and midblock crossings and its effect regarding
road performance. Considering this reason, 520 questionnaires were developed and shared
among road users (drivers and pedestrians) to determine the factors influencing pedestrian
crossing behavior. Again, traffic survey was conducted using a camcorder, questionnaires were
analyzed using the Likert scale to identify elements that may be critical. In addition, the level of
service (LOS) was used to assess the effect on congestion.
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Understanding the Factors Influencing
Pedestrian Crossing Behavior and its Effect on
Road Performance in Port Harcourt City

Captain Gospel Otto ¢, Chinonyerem B. Onyekaba ° & Peace Ifesinachi Okafor °

Abstract- In Port Harcourt city, the design of roads do not
adequately accommodate pedestrians, leading to ongoing
conflicts as motorists and pedestrians try to share the limited
spaces on roads. However response time to control vehicles in
Port Harcourt is minimal making pedestrian crossing behavior
at intersections and midblock crossings significantly more
complicated. These problems created the need for additional
research into pedestrian crossing behavior at crucial roads in
Port Harcourt. This study's primary goal is to discover the
factors influencing pedestrian crossing behavior at signalized
intersections and midblock crossings and its effect regarding
road performance. Considering this reason, 520
questionnaires were developed and shared among road users
(drivers and pedestrians) to determine the factors influencing
pedestrian crossing behavior. Again, traffic survey was
conducted using a camcorder, questionnaires were analyzed
using the Likert scale to identify elements that may be critical.
In addition, the level of service (LOS) was used to assess the
effect on congestion. This study revealed that age, lack of
crossing facilities, location of crossing facility, lack of
educational awareness which had a mean value between 3.5-
5.0 are considered critical factors influencing pedestrian
crossing attitude. Gender with a mean value at 2.304 is not a
critical factor, while the use of mobile phone which had a
2.626 mean value is a neutral factor. The volume to capacity
ratio (V/C) value of the road segments ranging from 0.72 to
0.97 is shown by the LOS which means smooth to low traffic
flow with an affected speed and high vehicular density. It is a
true reflection of the roads in Port Harcourt. It was observed
that at major roads with signalized intersection that 73.19% of
pedestrians conform to signal indications at peak hours.
Keywords: pedestrian crossing behavior, congestion,
signalized intersection, midblock crossing.

[. INTRODUCTION

ehicles have traditionally been the focus of traffic
\/research on roads in developing countries. In

constructing roads, considerations for pedestrian
comfort, convenience, and safety are usually not given
priority in Nigeria. Some difficulties experienced are
modeling of pedestrian behavior in Nigeria. So many
complications are involved in trying to identify the
characteristics that influence pedestrian behavior. For
densely populated cities like Port Harcourt, pedestrian
traffic at unsignalized crossroads, signalized crossroads
and midblock crossings are very common with little or

Author a o p: Department of Civil Engineering, Rivers State University,
Port Harcourt. e-mail: captain.ottos@ust.edu.ng

no provision for safe pedestrian crossing. For some
intersections crosswalks where people and cars share
the same road area, signal phases have been provided
to regulate this interaction in Port Harcourt, collisions
between pedestrians and vehicles still happen as a
result of pedestrian disobedience with traffic signals.
However, pedestrian non-conformance with traffic
signals causes pedestrian-vehicle interactions. Poor-
quality traffic management, high traffic volume, and
extended cycle times (waiting time) are some of the
causes of pedestrian non-conformance with traffic
signals. There are numerous other variables that
influence how pedestrians’ respond to signals and
interactions not included in previous research.

Analyses of pedestrian behaviour have
significant consequences for transportation systems, as
well as for urban planning principles and methods of
design (Laxman et al. 2010). Many research studies
according to Laxman et al. (2010) have focused on the
characteristics of pedestrians and the features of
pedestrian movement in sidewalks and walkways only. A
hand full of the studies have looked at the pedestrian
flow characteristics at signalized crossings in order to
develop pedestrian models for evaluating walking
facilities. There have been few studies that looked at
pedestrian disobedience at signalized crossings in order
to develop pedestrian speed flow relationships (Zhou et
al. (2011) and delay models (Li et al. (2013);
Marisamynathan & Vedagiri (2013)). For the purpose of
increasing pedestrian safety at signalized crossings,
pedestrian crossing habits were investigated, and
factors affecting those behaviors were found (Ren et al.
2011).

Numerous characteristics have been
overlooked in previous studies on pedestrian crossing
behavior which is being found in the aforementioned
investigations. A study that considers effective elements
like pedestrian features, behavior, and traffic
characteristics has not yet been done to analyze
pedestrian crossing speed variation and pedestrian-
vehicle interaction in crosswalks of signalized crossings.
Here in Nigeria, studies of this kind are lacking. Thus,
this study seeks to identify the factors influencing
pedestrian crossing behaviors in Port Harcourt through
a structured questionnaire method.
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According to the WHO (2013), 22% of all
fatalities which results from traffic accidents involve
pedestrians, with more than 270,000 fatalities annually.
According to Naci et al. (2009) and ACI-ISTAT (2013),
pedestrians hit by motor vehicles account for the most
significant percentage of road user fatalities, while the
majority of injuries take place in urban areas (Bella &
Ferrante 2021). For a variety of reasons, a pedestrian
might cross the street; some might be hurried and
disobey the rules, which occasionally lead to traffic jams
and accidents on the road. Drivers must moderate their
speed to prevent accidents due to pedestrians' frequent
road crossing behavior. It is well known that the driver's
inability to yield to the pedestrian cause collision
between pedestrians and vehicles. Lowering the
vehicle's speed improves pedestrian safety. Random
pedestrian crossings of the road force drivers to halt
often, which congests the traffic. The effects of
unrestrained pedestrian movement on road accidents
have been discussed by several scholars [Bichicchi et
al. (2017); Gitelman et al. (2017); Killi & Vedagiri,
(2014)].

Traffic congestion has had significant negative
social, economic, and environmental effects of recent.
The economic effects of traffic congestion in developing
nations have been the subject of numerous academic
studies. Otto and Awarri (2022), Otto and Ogboda
(2022), and Otto and Simon (2022) all discussed on
achieving sustainability in the transportation and traffic
engineering industry when discussing road traffic
congestion in Port Harcourt city. A thorough analysis of
the factors contributing to traffic congestion in Port
Harcourt City is still lacking from the body of knowledge.
This study is the first of its kind to address pedestrian
crossing behavior in the city of Port Harcourt, in-order to
better and more thoroughly formulate policies for a
sustainable urban transportation system, this study filled
a research gap by identifying the variables influencing
pedestrian crossing behavior and road user safety along
Port Harcourt's major roads. It also evaluated the impact
of pedestrian behavior on traffic congestion along East-
West Road, Port Harcourt-Aba Expressway, Ikwerri road,
Ada George Road and Rumuokwuta-Choba Road since
these roads are the most busiest in the city.

[I. MATERIALS AND METHOD

a) Materials

Recording sheets, a pencil, a measuring tape,
camcorder, and tripods were the materials utilized in this
study.

b) Method

In order to ascertain the pedestrian crossing
behavior along these major routes, a thorough field
survey was conducted. The statistics were gathered
utilizing camcorder in various traffic intersections and
midblock crossings over various time intervals on
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weekdays (7am to 9am as the morning peak hour and
5pm to 7pm as the evening peak hour). The camcorder
included data on pedestrian crossing frequency,
pedestrian appearance (gender and age group),
pedestrian crossing behavior (walking or running),
pedestrian crossing locations (using the crosswalk or
not), pedestrian crossing phase time (whether
pedestrians cross during green phase or not), and
pedestrian-vehicle interactions in crosswalks. Also, a
well-developed questionnaire was distributed to 500
road users (pedestrians) along these major roads (East-
West Road, Port Harcourt-Aba Expressway, lkwerri road,
Ada George Road and Rumuokwuta-Choba Road) to
ascertain the factors influencing pedestrian crossing
behavior. The responses were then analyzed statistically
to determine the factors that are critical using the Likert
Scale.

Rensis Likert, an American psychologist,
developed the Likert scale in 1932. Likert saw that there
was a need to measure people’s opinions concerning
diverse subjects, whereas scholars in the 1930s used
closed ended questions and aims to make their
research valid. In order to quantify people’s thoughts
and attitudes, Likert created the Likert scale, a
psychometric scale (Sack, 2021). The Likert scale
makes the notion that attitudes or views can be
measured. The five-point Likert scale, which ranges from
strongly disagree to strongly agree, is the one that is
most frequently used. Each response receives a score,
sometimes known as a number, ranging from 1 to 5
(McLeod, 2019). For example, "Strongly Disagree" may
receive a score of 1, "Disagree" could receive a 2,
"Neutral/Undecided" could receive a 3, "Agree" could
receive a 4, and "Strongly Agree" could receive a 5.

In this study, the Likert scale as stated above
was adopted. Respondents responded to the
statements/questions by indicating their opinion based
on the 5-point Likert scale of strongly disagree to
strongly agree. Using the logic that a mean score of 3
on the Likert scale reflects a neutral, a mean score of
less than 3 represents a non-critical effect, and a mean
score of greater than 3 represents a critical effect was
then calculated. The Likert scale mean score has the
following interpretation ranges in this study: 1.0-2.4 (not
critical), 2.5-3.4 (neutral), and 3.5-5.0 (critical). The
mean score was determined using Equation 1.

Mean Score =}, f; x +~ Number of Respondants 1

Also, the level of service (LOS) of these roads
was determined to assess the effect of pedestrian
crossing behavior at midblock locations. When
evaluating a transportation facility from the perspective
of a traveler, LOS method is adopted. Due to its
simplicity, LOS has become fairly common in practice.
The volume to capacity (V/C) ratio, maximum service
flow rate, vehicle speed, and other traffic parameters
can all be used to determine LOS (Wang et al 2018).



The ratio of vehicles passing a point in an hour (V) to the
maximum number of vehicles that can pass through that
place, has been used in this study. LOS performance is
assessed using the V/C ratio. The road segments where
traffic mitigation measures are required can be identified
by this indicator and made known to transportation
operators. There are six service levels listed, and each is
assigned a letter designation from A to F (Table 1)
(Bhuyan & Nayak 2013). The best operational conditions

are indicated by LOS A, and the worst operational
conditions are indicated by LOS F. Utilizing information
from the traffic volume survey, the average LOS of the
road segments have been determined. The LOS of each
chosen traffic segment was determined using equation
2 in order to evaluate the effects of pedestrian crossing
behavior on traffic flow.

Volume
LOS = —— 2
Capacity

Table 1: Level of Service Description (Zhou et al 1997)

v/C LOS Class Traffic State
0-06 A Free flow
0.61-0.70 B Stable traffic flow, speed is unaffected
0.71-0.80 C Stable traffic flow, speed is affected
0.81-0.90 D Stable flow with high vehicle density
091-1.0 E Low speed
>1.0 F Breakdown flow

I1I. RESULTS AND DISCUSSIONS

a) Pedestrian Crossing Statistics at Midblock Crossing

The average pedestrian crossing statistics at midblock crossing observed along the major roads considered

in this study are presented in Table 2.

Table 2: Pedestrian Crossing Statistics at Midblock Crossing

Observed Parameters ~ 1\: Of Observed PerCEntage
Pedestrians (%)
Male 422 67
Gender
Female 208 33
Children 92 14.6
Age group Adult 452 7175
Elderly 86 13.65
Crossing Running 432 68.57
type Walking 198 3143

According to the statistics a total of 630
pedestrians were observed crossing at midblock
crossings as shown in Table 2. More men (67%) than
women (33%) walk during peak hours, and adult
pedestrians make up the largest part (71.75%) as
compared to children (14.6%) and the elderly (13.65%).
This is in line with a study carried out by Olawole &
Olayiwola (2018) and Marisamynathan & Perumal
(2014). Also, 68.57% of pedestrians crossing at
midblock prefer to run when crossing rather than walk
(81.43%). This is because of the lack of crossing
faciliies which prompts the pedestrians to use the
observed vehicle gaps as the safest time to cross. In a
study carried out by Marisamynathan & Perumal (2014),
80.26% of pedestrian crossings walk because
pedestrian crossing facilities are provided. From
observation factors that make pedestrians to run while

crossing include lack of crossing facilities, lack of road
signs, improper educational awareness of road usage
by drivers/pedestrians and behavior of drivers who do
not consider pedestrians and other road users while
driving. Also, most drivers in Nigeria are inexperienced,
unqualified, and do not obey traffic/road rules. This has
led to a lot of pedestrian vehicle accident which in most
cases are not properly recorded in this part of the world.

b) Pedestrian
Intersections
The average pedestrian crossing statistics of
526 pedestrians at signalized intersection observed
along the major roads considered in this study are
presented in Table 3.

Crossing  Statistics at  Signalized
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Table 3: Pedestrian Crossing Behavior at Signalized Intersections

No. of Percentage
Observed Parameters Observed o 9
, (%)
Pedestrians
Crosswa|k Yes 334 635
Utilization No 192 36.5
Conformance with 385 7319
signal phase

Compliance

Non-Conformance 141 26.81

with signal phase

The crosswalk is only used by 63.5% of
pedestrians, according to the research. The 73.19%
conformance rate for pedestrians with traffic signals
shows that conformance is more common at peak hours
in signalized intersections here in Port Harcourt. It is
clearly seen that the conformance at signalized
intersection is higher in Port Harcourt as compared to
Mumbai in India according to Marisamynathan &
Perumal (2014).

c) Factors Influencing Pedestrian Crossing Behavior
along Major Roads in Port Harcourt

The factors influencing pedestrian crossing
behavior in Port Harcourt were identified from a
questionnaire survey of road users including drivers and
pedestrians. This is shown in Table 4. From the survey
results, age, gender, lack of crossing facilities, use of
mobile phones, location of crossing facility, educational
awareness are the major factors responsible for
pedestrian crossing behavior. Using the Likert scale to
analyze the responses of 500 respondence, age, lack of
crossing facilities, location of crossing facility,
educational awareness are critical factors while gender
is not critical and the use of mobile phone is neutral.
This result gives a true reflection of Port Harcourt roads.
Major roads in Port Harcourt do not have pedestrian
crossing facilities. In some cases where pedestrian
crossing facilities are available, they are located at
places where crossing is highly minimal. Example of
such road is the Port Harcourt-Aba Expressway. In
terms of age, older people have a better crossing
behavior than young people.
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Table 4: Factors Influencing Pedestrian Crossing Behavior Along Major Roads in Port Harcourt

Strongly .
. Disagree  Neutral Agree Strongly
Statement Disagree Total Mean
(1) @ 3) 4) Agree (5) Score  Score Remarks

f % f % f % F % f %

Do you agree that

age Influences 4, 6 42 84 11 22 166 332 251 502 2066 4132  Critical
Pedestrian  crossing

behaviour?

Do you agree that

gender influences . 5 59 473 346 99 198 51 102 32 64 1152 2304 NO
pedestrian  crossing Critical
behaviour?

Do you agree that

Lack of crossing

facilities influences 21 4.2 13 26 31 6.2 153 306 282 564 2162 4324 Critical
pedestrians crossing

behaviour?

Do you agree that the

use of mobile phones 451 545 405 212 161 322 63 126 49 98 1313 2626  Neutral
influences pedestrian

crossing behaviour?

Do you agree that the

location of crossing

faciliies  influences 9 1.8 31 62 61 122 78 1566 321 642 2171 4342 Critical
pedestrian  crossing

behaviour?

Do you agree that

education/awareness 4, 55 44 go 7 14 150 30 288 576 2157 4314  Critical
influences pedestrian

crossing behaviour?

d) Level of Service (LOS) of Road Segments along the Selected Roads
The results of the level of service of the road segments are presented in Table 5.

Table 5: Level of Service of Road Segments

Road Segment V/C LOS
Rumuodara 0.90 D
East-West Road Rumuos 0% -
Alakahia 0.85 D
Choba 0.95 E
Leventis 0.88 D
Government Craft Centre 0.72 C
Poré)'jpffg‘;ﬁéba St Johns 091 E
Pleasure Park 0.74 C
Air Force 0.92 E
Mile 3 Market 0.97 E
Nkpolu- Oruwurokwo 0.91 E
Ikwerre Road Rumueperikom/Kala 0.82 D
Rumueme 0.81 D
Rumuigbo 0.77 C
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Agip 0.91 E
Chinda 0.86 D
Ada George Road Open Door 0.84 D
Gateway 0.88 D
Okilton 0.90 D
GGSS Rumuokwuta 0.96 E
Rumuokwuta-Choba NTA 0.91 E
Road Ozuoba 0.93 E
Choba 0.96 E
This study has utilized the LOS for the iii. Data regarding road accident and pedestrian
assessment of the impact of pedestrian crossing behavior are lacking in this part of the world. Hence,
behavior. The LOS in Table 5 shows the V/C value of the government should help in making such information
road segments ranging from 0.72 to 0.97 which means available.
smooth to low traffic flow with an affected speed and o
high vehicular density. This is a true reflection of the REFERENCES REFERENCES REFERENCIAS
roads in Port Harcourt. However, at Rumuigbo, Pleasure
Park and Government Craft Centre segments along 1 AC'. — ISTAT, (2013) Annual Report on Road
Ikwerre road and Port Harcourt-Aba Expressway Road Accidents, ACI - ISTAT, Rome, ltaly. . N
respectively, the speed are observed to be higher. 2. Bell, _F & I_:errant_e, C. (2021), Dr_|vers Y|eld!ng
behaviour in different pedestrian  crossing
IV. CONCLUSION configurations: a field survey, J. Adv. Transp. 2021,
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Associates receive discounts on the future publications with Global Journals up to 60%. Through our
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w

o

Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLiCY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e  Writings

e Diagrams

e Graphs

e lllustrations

e |lectures
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e  Printed material

e  Graphic representations
e Computer programs

e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

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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