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Abstract: The connection of universities with new knowledge in various sciences leads to en-
trepreneurship and the progress of the economic development of universities. Countries with
higher education institutions, in the shadow of practical research and development, are trying to
strengthen the economic structure and entrepreneurship, and conduct basic research. Besides, higher
education institutions are building science parks and implementing high-tech projects jointly with
industry. New materials such as PVC and concrete have been created through scientific evolution
between innovators and industry workers, which can be used as one of the most useful building
materials. Among the advantages of these materials, we can point out their low cost compared to the
high volume of their use, which has attracted the attention of most engineers, designers, employers,
innovators and entrepreneurs. In this regard, the construction industry is also a huge consumer of
natural resources and at the same time a waste producer, which is solved by this number of graduate
students. In this article, we intend to investigate the engineering properties and environmental effects
of green materials prepared with PVC waste powder using designers, innovators and entrepreneurial
ideas. Many studies have been conducted on the chemical decomposition of PVC to transform PVC
into other products, so investigating the possibility of recycling PVC and reusing it in the production
cycle is an important issue in the discussion of waste. One of the proposed ways is to replace river
sand with PVC waste to prepare concrete, which can be considered one of the environmentally
friendly activities of employers, innovators and entrepreneurs. The obtained results show that there
is a great demand for the production of natural materials as non-renewable materials with better
support for the economy of countries such as China or with high waste.

Keywords: green materials; additive polymers to concrete; sustainable approach; environment

1. Introduction

The expansion of industries and the movement towards industrialization require that
comprehensive research be done on the consumption of construction and industrial waste.
The ever-increasing amount of materials and urban waste, especially the debris resulting
from the demolition of buildings, is such that it is considered a social and environmental
problem in all countries, especially developed countries [1,2]. Among the most important
problems of construction waste, we can mention the environmental problems and health
problems caused by dumping them on the side or bed of rivers. The lack of places to bury
has caused a bad and unnatural landscape [3]. On the other hand, due to the expansion
of construction in the world and since the construction industry is the largest harvester
and consumer of materials from the earth, excessive exploitation of natural resources
for the production of construction materials leads to a shortage of natural materials [4].
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Moreover, the extraction of natural resources that are often found along the rivers has led
to dangerous floods.

In recent years, attention to environmental issues and the approach to the technology
of recycling waste materials and their reuse in developed countries have received a huge
investment. One of the methods of using waste materials is to use them in concrete
and other building materials [3-5]. Using some waste materials in concrete to reduce
environmental pollution can be achieved concrete-positive properties [5]. The use of waste
materials and recycling in many third-world countries is still in its infancy and requires
encouragement and coercion from the government. In some areas, governments accumulate
waste materials in the deserts, which become habitats for insects and animals, or they may
burn the waste materials resulting in smoke pollutes in the environment that is known as
a dangerous phenomenon for global warming [6]. Therefore, the laws of some countries
prohibit the burning of waste materials and make the recycling of some wastes mandatory
in certain industries in which the science of law and management can be effective. Recycling
some waste materials for concrete is a good solution to achieve the two goals of disposing
of waste materials and preserving natural resources [7-9]. Therefore, the importance of
using waste materials in concrete has emerged.

In general, the wastes used in concrete are divided into two groups of wastes such as
havuing pozzolanic properties and replacing part of the cement materials in concrete, and
having a filling role and replacing aggregates in concrete. In order to use the recycling of
PVC materials in the construction of green concrete, therefore, one should have a complete
understanding of these waste materials [7]. It is important to find out how much the use of
green concrete materials is used in the construction industry that can promote our goal of
reducing harmful environmental effects [8]. To achieve green or sustainable construction,
green concrete is the best choice. Using green technology in the production of materials,
energy resources, and natural materials can be saved for future generations. By replacing
waste materials with natural raw materials, environmental problems are reduced and
the emission of greenhouse gases is prevented [9-14]. In fact, sustainable materials are
used instead of non-sustainable materials in the production of green concrete. With the
production of green concrete, the wastes created from the destruction of concrete structures
are reused.

The aluminum cans are converted into fibers and can be effective in increasing concrete
reinforcement. The objective of this transformation is to emphasize the locality, reinforce
normality, foster applicable abilities, and serve the local economic and social growth of both
peoples and industries. Enrich the theoretical research of higher education and make up for
the lack of research on the development of these products in China’s regular universities
is widely observed [10,15-21]. Therefore, further guiding and standardizing the school
running behavior is required. The existing research mainly reviews the school running
concept and characteristics, school positioning, discipline, and professional development,
scientific research and science, technology management, and the relationship that should
be handled well in school management. There are few strategic studies on the development
of new regular colleges, and inaccurate and unsystematic overviews. Combined with the
school running practice of several newly-built colleges in China, which have achieved early
success, and the questionnaire analysis, this study puts forward the sustainable develop-
ment (SD) path and strategy for newly-built regular colleges. To examine, develop, and
modify ordinary colleges, key theoretical issues such as why, where, and how ordinary
colleges are transformed, are considered [6-12]. At the same time, based on the model of
policy coordination, the specific policy tools to provide policy suggestions for the relevant
stakeholders of the transformation and the development of local colleges, especially to
provide a reference for the transformation and development of China’s regular colleges are
needed. Preparing the teacher education policy system, and solving the confusion of the
development of China’s regular colleges have certain research value and practical signifi-
cance [13-27]. UN Sustainable Development Goals (SDGs) adopted the 2030 agenda for
sustainable development, which includes a set of 17 SDGs to end poverty, fight inequality
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and injustice, and tackle climate change by 2030. SDGs are also known as Global Goals
(GGs). SDGs aimed at an array of issues that included slashing poverty, hunger, disease,
gender inequality, and access to water and sanitation [27,28].

Despite these achievements, the indignity of poverty has not been ended for all [29-32].
The researchers pointed to the importance of China’s policy of boosting science, technology,
and education while ensuring SD, as well as the active growth of vocational-technical
education and adult education in various fields. In 1999, the plan to deepen educational
reforms and promote educational capacity was approved by National Assembly. The
decree emphasized the establishment of an education system following the socialist trade
economy, and development of vocational-technical education, especially in secondary level.
The design and implementation of such policies have not led to the creation of a suitable
social environment for the development of vocational training [32-36]. The establishment
of a macro-management system was used to improve the quality of higher education and
create sustainable progress. Therefore, by the implementation of the mentioned plan, the
educational quality of the country may continuously improve and the effectiveness of the
university may increase [37—42]. Assessing education at the undergraduate level is based on
the principle of advancing reform and building a university at the same time as measuring
it [43-48]. The emphasis is on the importance of theoretical research in higher education
and correcting the orientation of theoretical education with scientific education [49-51].
The plan was implemented with an emphasis on providing higher education programs in
Chinese characters and establishing, such an education system. All research teams must
conduct theoretical research on socialist higher education in Chinese characters. The key to
success in today’s highly competitive world is innovation and entrepreneurship [52-58].

2. Research Methodology of Educational Priorities in China

A series of articles by innovative Chinese universities such as Yancheng Teachers
University were reviewed and analyzed. A review of the university’s activities may
support an understanding of innovation and entrepreneurship in academia and prepare
a better understand of the key role of intellectual property in this area. Innovation and
technology for China’s greater prosperity and global development are growing every year.
Among the most important educational priorities of preschool education in China, the
development of foreign investments (especially for children aged 1-6 years) is facing a
bright future. According to statistics, more than 20 preschools have been established in
Beijing. Eastern Child Care Center, which was established in 1998 as the only private
specialized center for child education in Beijing has five branches throughout Beijing, with
four centers for the care and education of children aged 1-6 years, and one center dedicated
to the education of pregnant women. So far, an amount of 10 million Yuan (equivalent to
1.2 million US dollars) was invested in the establishment and operation of these centers.
In 1999, the institute established the first child nutrition and health-counseling center to
expand childcare activities. The institute established two centers for educating parents
on nutrition, intelligence, and child psychology in Beijing. The teachers of these centers
are women with health and child education degrees. Using educational entertainment for
children to enhance their educational workforce forms a large part of the institute’s teaching
method. All the following improvements in these years showed that using innovation
from university new technologies in universities could be improved. Therefore, all these
improvements affect the future of students in universities and industries.

2.1. Domestic Research Status

Many scholars have studied the transformation of local colleges and universities in
contemporary China from the aspects of talent training objectives and the essence of uni-
versity education [10,26-31]. Moreover, some scholars studied the same issue, but from
the perspectives of education management, resource allocation, operation mechanism, and
enrollment system reform. Other scholars have investigated and discussed the internal driv-
ing force and interest game of the transformation and development of local colleges from
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the perspectives of economics and sociology, which provides a new research perspective
for the transformation and development of local colleges [26-36].

A review of successful universities’ performance indicates that the actors of the innova-
tion ecosystem for providing a suitable environment for “education”, “research”, is adding
“entrepreneurship and innovation” to their functions and creating added value from ba-
sic and applied research [45-55]. Meanwhile, the success of academic entrepreneurship
depends on the proper protection of inventions and innovations. Therefore, universities
have became active actors in the innovation system; For instance, green product has been
developed in the university by mechanical, textile, medical civil engineers. The registration
and acquisition of intellectual property rights, particularly in the innovation system, not
only helps in the protection of inventions, but also in the creation of money via the issuing
of licenses, and the patent may be a useful indication for assessment [46-52]. In recent years,
China has developed its universities and adapted them to the world’s top universities,
and improved the higher education process. According to the country’s exports, leading
universities are required to strengthen their research institutions, acquire the latest educa-
tional concepts of the international community, and strengthen their role in the process of
globalization of the economy.

2.2. Research on the Transformation and Development of Regular University

Firstly, this paper studies the transformation of regular colleges and makes a com-
parative study on the transformation of regular colleges in China and western countries.
Secondly, taking a new regular college as the starting point, this paper studies the ideas
and strategies for the transformation and development of a new regular college. Then,
it deals with the transformation of new regular colleges from the aspects of economic
transformation, difficulties of college students employment, and talent needs of employers.
Finally, this paper studies the specialty and curriculum of the transformation of the new
regular university and the reform of talent training mode, and puts forward the specific
strategies and methods of the transformation of the regular university.

In western countries, the industrialization process began earlier, and higher education
development is considerably advanced [29-31]. From the perspective of strategic man-
agement theory and based on the diversified educational needs of society in the late 20th
century, scholars discussed the innovation of the organizational model, the construction of
a diversified funding base, and the integration of innovative culture that has great guiding
significance for the transformation and development of universities. The US and European
countries have more research on the transformation of regular universities, comparing
to Japan and South Korea. Firstly, scholars have studied the history of American regular
education, investigated the problems of the American teacher recruitment system, quali-
fication certification system, teacher feminization, the establishment and transformation
of state regular schools and colleges, and analyzed the main characteristics, development,
and transformation of American regular education in different stages [32-37]. Second,
the structure of British higher education is relatively single. From the overall situation
of the transformation and development of higher education at home and abroad, the
transformation of regular colleges is the objective requirement to realize the connotative
development, high-quality development, and SD of regular colleges. Regular college trans-
formation is a challenge of educational reform with a constrained problem scope. From
expansion to connotation, and from study to application, many domestic academics have
researched the transition and development of new regular colleges. In western countries,
as there are few new regular colleges, the transformation problem is not obvious, and the
research results are relatively few [37-39]. Overall, domestic scholars mostly study the
transformation of regular colleges from the micro-level and practical level. Most scholars
advocate that highlighting school running characteristics, innovating educational ideas,
innovating teaching models, and building brand majors should be taken as the focus of the
school’s transformation and development. Few scholars have studied the transformation
and development of newly-built regular colleges with holistic and systematic thinking, and
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cannot comprehensively analyze and evaluate various factors affecting the transformation
of regular colleges. Questionnaire surveys, field visits, and individual interviews are the
most common research methodologies used by domestic researchers to undertake a specific
study on the transition of a regular university.

2.3. Research Difficulties and Expected Innovations

Since the popularization of higher education was launched, there were many studies
on the development of newly-built application-oriented undergraduate colleges, but there
is a lack of theoretical research on the SD of regular colleges. The present studies mainly
evaluate the school running concept, school positioning, school running characteristics,
discipline and professional development, scientific research or science and technology
management, and academic team construction. There are also few macro strategic studies
on the growth of new regular colleges, and some are simply fragmented, imprecise, and
unsystematic summaries [41—48], in terms of the connection that should be managed
properly in school administration or building [44—49].

This study refers to regular universities and focuses on their connotation develop-
ment. The purpose is to highlight the locality, strengthen the normality, cultivate applied
talents, and serve the local economic and social development via the transformation and
development. In addition, this study analyzes the difficulties encountered in the transfor-
mation and development of regular universities from three aspects of theoretical research,
empirical research, and countermeasure research. The first is to analyze the economic and
social background of the transformation and development of regular colleges at home and
abroad, especially in the popularization of higher education, diversification of teachers’
education, and the situation faced by the transformation of regular colleges, and the inter-
nal and external causes of the transformation. The second is to clarify the school running
concept and its orientation in the process of transformation and development of China’s
regular universities, the characteristics and key problems of regular discipline majors in
talent training, discipline construction, and teacher team construction. Third, refine the
relevant theories on the transformation and development of regular colleges in pedagogy,
management, and economics [59-64].

Based on the grounded theory, first, a preliminary survey is conducted on the trans-
formation and development of regular colleges from 2000 to 2019, and then, a follow-up
survey from 2020 to 2021 is provided. The investigated cases involve transitional univer-
sities of different types and regions. It is planned to select regular colleges in Northeast
(Liaoning), Northwest (Shaanxi), Southwest (Sichuan), and other provinces to carry out
extensive research, and select 10 representative colleges for key analysis. Additionally,
NVIVO qualitative analysis software is used to clarify the main elements of the transforma-
tion and development of regular colleges in China. A questionnaire survey (300 relevant
personnel) is adopted to obtain effective data on the transformation and development
of regular universities, and finally, structural equation model (SEM) is used to mine the
leading factors affecting the transformation and development.

3. Review of Chemical Materials Used in Green Concrete

Civil engineers along with material and metallurgical engineers in the world have
made efforts to create sustainable materials, which has led to the creation of a product
called green concrete, made from concrete waste materials. In its production, less energy
is used and it produces less carbon dioxide than ordinary concrete [1-3]. The production
of cement and concrete creates a large amount of carbon gas and by polluting the air, it
leads to damage to the environment. But in making green concrete, processes are used that
have no harm to the environment [5]. Concrete waste such as slag, recycled concrete, fly
ash, aluminum can strings, power plant waste, waste glass, red mud, burnt clay, sawdust,
combustion ash and foundry sand are ingredients of green concrete. Due to the unique
advantages of this type of material, its use has become popular in recent years and it has
become a popular concrete among builders. Green concrete is a good opportunity to buy
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cheaper concrete that is safe for the environment. Green concrete or eco concrete is the
same as normal concrete, but it is made of environmentally friendly materials, and there is
no difference between its color and normal concrete [6-9]. This type of concrete is made
by adding environmentally friendly materials, so it is known as environmentally friendly
concrete. The production of eco-concrete is very cheap because a partial substitute for
cement and aggregates is used to make it [10]. The use of this type of concrete in the
construction industry is growing at a faster rate, and the development of urban society
increases the demand for this type of concrete. Today, the construction industry is looking
for an alternative material due to the reduction of pollution and lack of construction
materials, therefore green concrete is a new type of concrete in line with SD [11,12].

This concrete is a revolutionary concept in the construction industry that was first
made in Denmark in 1998 [7]. Materials often used in eco-concrete include blast furnace slag,
fly ash, silica fume, recycled glass, and wood ash as a substitute for cement in the production
of green concrete. Some applications of green concrete can be seen in the construction of
bridges, urban buildings, road construction, dam construction, and construction of concrete
platforms [13]. Regarding the types of materials used in green concrete, it can be said that
they are divided into two parts, substitute materials in cement and substitute materials in
aggregates. We can refer to the materials that replace cement with green concrete [14,15].
Granular blast furnace slag, which is a waste material of steel and iron production in
the factory. Replacing zero to 80% of granulated blast furnace slag in different grades of
concrete gives more compressive strength and bending strength [16]. In addition, granular
blast furnace slag in concrete provides about 40% replacement, 9% higher strength at 7 days,
and 6% increase in strength with percent replacement at 28 days [10-16].

Fly ash is another alternative that is obtained from the combustion of pulverized
coal. In other words, the waste material is a coal-based power plant. Concrete with
high compressive strength and fracture resistance is possible by replacing cement with
fly ash by weight, fly ash can be used up to 30% in concrete instead of cement. Silica
fume is one of the side products in the production process of silicon and ferrosilicon and
consists of spherical particles with an average diameter of 150 nm. Researchers have said
that this mixture improves the strength and durability of concrete [12-16]. The use of
silica fume also reduces harmful environmental impacts and leads to a 30% reduction in
cement consumption. Recycled glass also helps to produce this product in concrete blocks,
self-compacting concrete, and architectural mortar [17].

Concrete samples with mortar based on palm leaf ash with 10, 20, and 30% replacement
in cement are used. Now we refer to alternative materials that can be used as a substitute for
aggregates in concrete. Fly ash is a very soft powder that disperses in the air. When coal is
used for heat generation, the residue contains 80% light ash and 20% heavy bottom ash. The
fly ash produced in the power plant is light to medium gray in color and has the appearance
of cement powder [8-10]. Using fly ash in concrete instead of PCC not only saves cement and
energy but is also economical. Theoretically, 100% replacement of Portland cement with fly
ash is possible, but at replacement levels above 80%, a chemical activator is generally required.
In addition, fly ash can improve certain properties of cement such as durability [14].

Because it produces less heat of hydration, this type of concrete is particularly well
suited for mass concrete applications as shown in Table 1. Silica sand is good quality,
clean, and of the uniform size used in casting processes. Sand is used to make molds or
patterns used for casting ferrous (iron and steel) and non-ferrous (copper, aluminum, brass)
metals [18]. Foundry sand is used as a substitute for fine aggregates with different weight
percentages and is made for water absorption and quick chloride permeability. Concrete
made with cast sand will last 30% better. Plastic and rubber wastes are also one of the
most important substitutes for aggregates in concrete. Due to the rapid population growth,
urbanization, and industrialization of cities, a large amount of solid waste is produced
daily in developing countries, and the management of this waste has become a major
concern for environmental activists and city officials [19]. A significant part of this waste
is plastic waste, only a small part of which is recycled. One of the alternative solutions
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for the indirect recycling of these wastes is to use them in concrete production. Plastic
waste leads to a 16% increase in strength and rubber materials lead to a 50% increase
in concrete strength [20]. Agricultural waste is another example of producing better-
performance concrete. Agricultural waste from bamboo, corn, wheat, olives, and seashells
can be used. However, these waste materials must be produced by appropriate treatment
methods [22,23]. Ore dust can be defined as the residue, tailings, or other worthless waste
after the extraction and processing of rocks to form fine particles less than 4.75 mm. Mines’
dust is created during the blasting, crushing, and screening of coarse grains. Mine’s dust is
rough, sharp, and angular particles, and because of these reasons [20-22]. It achieves more
strength due to better interlocking. The use of sand substitute materials in construction
works requires attention or their availability and practicality [24]. The use of mining
dust sometimes increases the amount of cement required to maintain efficiency. Ore
round concrete has better acid and sulfate resistance compared to normal concrete and its
permeability is less. However, the water absorption of round ore concrete is slightly higher
than that of ordinary concrete. Coarse and construction-recycled concrete is considered
as materials produced from cleaned and stored concrete and masonry waste, usually for
road construction applications [25]. These materials may contain a small amount of brick,
gravel, crushed stone, or other forms of stone material as mixed materials. The use of
green concrete also has disadvantages. High water absorption rate by green concrete. The
amount of creep and shrinkage of green concrete is higher than normal concrete. Flexural
strength in green concrete is lower than in normal concrete [20-22]. Structures built with
green concrete usually have a shorter lifespan than structures built with concrete. Among
the advantages of using green concrete, we can mention these things, the strength of green
concrete is 30% higher compared to normal concrete, and the amount of cement used
in its production is less. This type of concrete plays an important role in the life of the
building and its resistance is very high [26]. Green concrete is produced with the aim of
increasing the durability and strength of the building and is a new technology to protect
the environment and avoid harming it [27]. One of the greenhouse gases that play an
important role in global warming is carbon dioxide. Ordinary concrete produces a lot of
this gas. But the process used in the production of green concrete minimizes the production
of this gas. Green concrete has good quality and due to low energy consumption and the
use of affordable methods, its purchase price is also suitable. The reasonable cost of this
product makes its use in construction popular and has many fans as an ideal product. By
using green concrete, the number of environmental pollutants can be minimized [18-25].
This material has a very high resistance to temperature changes and acid substances.
Researchers have found that the compressive strength of this product is twice that of
normal concrete. The use of green concrete in the construction industry is economically
very affordable and due to its significant advantages, this material can be introduced as
a sustainable and environmentally friendly material [10-15]. Green concrete is concrete
with high strength, whose use in structural members reduces the consumption of concrete
and rebar in reinforced concrete buildings. This concrete reduces the consumption of
reinforcement by 20%. Green concrete requires little maintenance.

Table 1. Alternative materials for green concrete.

Common Ingredients Alternative Materials for Green Concrete
. Urban solid light ash
Cement e  Sludge ash
. Recycled glass
e  Silica fume

Recovered aggregates
Mixable concrete waste
Glass waste

Coarse aggregates

. Fine reclaimed aggregates
Fine aggregates . Destroyed brick
e  waste Mining dust Ore powder waste
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Methodology for This Study

In recent years, researchers have witnessed the growing trend of the development of
cities in most smart countries of the world, which is the result of the age of knowledge
and technology. The world’s population has increased sixfold since the beginning of the
industrial revolution. As a result of these developments, the increase in consumption and
population has caused the loss of resources and increase in waste materials, and this has
reduced the index of environmental qualities. In an era where people are facing an energy
crisis and environmental pollution, sustainable development (SD) is one of the main goals
and pillars to reach a world without environmental pollution and without destruction
of natural resources [12-18,65]. Therefore, for instance concrete is the most widely used
material after water in the construction industry. According to the global website of the
phenomenon of greenhouse warming, almost 7% of the total amount of greenhouse gas
emissions was related to the production of concrete cement. The production of cement
in concrete is associated with high energy consumption, the release of a large amount of
carbon dioxide and high-water consumption has harmful effects on the environment. The
solution to these problems is the use of green concrete, which minimizes the environmental
impact of the cement industry. The purpose of this article was to introduce green concrete
as a way to achieve sustainable construction using new science and innovated technology.
The method of this research was based on the purpose of an applied research and based
on the nature of a descriptive-review research [65]. From the findings of the research, it is
possible to understand the production and use of green concrete technology in line with
the macro concepts of environmental protection. Researchers mentioned SD and the results
of the research may be used in civil engineering, architecture, sustainable energy, energy
management, and building green buildings. In order to collect information, the methods of
documentary and library studies and through reliable sites have been used in relation to
similar studies conducted in previous researches [59-66].

4. Result and Discussion

By taking advantage of new science, technologies and human resources for the devel-
opment and innovation of transforming science into industrial infrastructure and service
design in universities, various sciences such as civil engineering and green engineering
can be used and applied. Among the things that can be used is the use of dissolvable and
decaying materials in nature. These materials can be recycled materials that can be prepared
by combining them together or prevent the creation of waste to improve the mechanical
and chemical properties of products for use in green engineering [10-12]. Materials are
classified as miscodifying concrete additives according to their physical activity in concrete
with different five classes. Class A. Water-soluble natural and synthetic inorganic polymers
that increase the viscosity of the mixing water. Class B. Mineral water-soluble substances
that are absorbed on cement particles and increase viscosity with an increase in interpar-
ticle absorption. These materials are copolymer styrene with carboxyl groups, artificial
polyelectrolytes and natural gums. Class C. Emulsions of various mineral materials that
increase interparticle attraction which provide ultrafine grain nanoparticles in cement paste.
These materials consist of acrylic emulsions and dispersed clay particles in the aqueous
phase. Non-mineral materials with high surface area or unusual surface characteristics
increase the water holding capacity of the mixture [28-31]. These materials include very
soft clays (bentonites), exothermic silica, dense silica foam, ground asbestos, and other
fibrous materials. Class E. Inorganic materials that provide additional fine particles in
mortar pastes and therefore shake They increase thixotropy—the tendency of some jellies
and emulsions to become watery due to shaking and harden again due to lack of movement,
translator). These materials are diverse such as fly ash, hydrated lime, kaolin, siliceous soil
and other raw or oxidized pozzolanic materials. Nanoparticles used in self-compacting
concrete industry [32,65].
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4.1. Carbon Nanotubes

Carbon nanotubes (CNTs) and carbon nanofibers (CNFs) are proposed as the main
choice of nanotechnology to reinforce cements. The high elastic modulus and resistance
of these nanomaterials have an excellent tensile strength, unique electrical and chemical
features which show favorable ability to create a new generation of building materials.
The use of these nanomaterials leads to the improve mechanical characteristics, resistance
to the expansion of cracks, protection against electromagnetic waves, and the creation
of self-healing capabilities in cement materials. Unlike nanotubes, carbon nanofibers are
much easier to distribute in the cement mixture [41]. One of the main problems of these
nanomaterials is the impossibility of their uniform distribution in the cement mixture due
to their high hydrophobicity and high internal gravity of these nanomaterials. Another
problem of these nanomaterials is the lack of proper adhesion between them and the
cement paste [42]. In this research, it was found that in order to improve the performance
of self-compacting concrete, the effect of adding industrial additives (steel industry waste,
silica foam, basalt powder, limestone powder, ash, and marble powder) and various
nanoparticles and nano oxides were studied [43—49].

4.2. Iron Oxide Nanoparticles

Researchers conducted a research on the addition of iron oxide nanoparticles on the
properties of self-compacting concrete. They found that an increase in the weight percentage
of iron oxide nanoparticles with 4 wt% can increases the compressive strength, cracking
and twisting of self-compacting concrete [44—48]. They also found that these nanoparticles
can act as fillers and increase the resistance of concrete against water penetration, which
occurs for sample with 4 wt% iron oxide nanoparticles.

4.3. Titanium Nano Oxide

Research has proven that the use of titanium nanoparticles in addition to the self-
cleaning property of concrete, increases the rate of hydration and reduces the setting time
of concrete [44]. Also, the use of these nanoparticles increases the bending strength and
compressive strength of concrete. As it is known, by adding titanium oxide nanoparticles,
the microstructure of concrete is improved and the internal voids of concrete are smaller.
This improves mechanical properties. and durability of concrete. To improve the mechani-
cal properties and increase the durability of concrete, the use of microsilica is increasing in
developed countries [43]. The use of microsilica in concrete has many benefits, including:
reducing cracks caused by cement hydration, better durability against sulfate attack, acid
rain, and achieving high resistance. Another advantage of using microsilica is reducing the
mobility of chlorine ions and thus reducing the depth of chlorine penetration in concrete, es-
pecially in coastal areas. It can be used in concreting related to the construction of sea piers,
piles, columns and prefabricated parts, foundations. Machines and all concrete structures
that are exposed to chemical attacks, especially chlorine ions and sulfates. The addition of
nano silica to concrete increases the compressive, tensile and bending resistances, reduces
the setting time of concrete and reduces the permeability of water inside the concrete and
also increases the resistance of concrete against the attacks of chemical agents [46]. Concrete
reduces its hydration time and increases the peak temperature of hydration. There are
two possible mechanical reactions during the hydration of concrete in the presence of
nanosilica particles. Cement hydration can be accelerated in the presence of nanosilica
particles. When nanosilica is added to cement particles, it forms and starts to react with the
existing Ca®*, which causes the production of additional calcium-silicate-hydrate (C-S-H).
Then these created C-S5-H particles in water are spread between cement particles and play
the role of a source to create C-S-H compact phase. The formation of C-S-H phase helps
to fill the pores of concrete. The formation of a large number of these particles accelerates
the hydration time of concrete [45-47]. By adding 10% of nano silica, the compressive
strength of concrete increases by 26%, but by adding the same amount of micron silica, the
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compressive strength of concrete increases by 30%. Nano silica in a very small amount
equal to 0.25%, the compressive strength increases by 10% and the bending strength by 25%.

4.4. Nano Aluminum Oxide

Addition of aluminum nanoparticles to the concrete mixture significantly increases the
elastic modulus of concrete. Experience has proven that addition of 5 wt% nano aluminum
oxide, increases the elastic modulus of concrete by 143%. However, it does not have a
significant effect on the strength of concrete. Researchers studied the effect of adding
aluminum oxide nanoparticles on concrete hydration and observed that addition of these
particles reduces the released heat and accelerates the time peak of this heat release [62-66].
Therefore, addition of 3 wt% of aluminum nanoparticles to concrete, the amount of released
heat may decrease the most. Researchers studied the effect of workability of concrete
modified with aluminum nanoparticles for 0.5, 1.0, 1.5 and 2 wt% and the results indicated
that increasing the amount of aluminum nanoparticles decreases the workability of the
concrete. As it is clear from the Figures 1 and 2, the use of the minimum standard amount
of water slightly reduces the workability of concrete [42-47,67-69].

45
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Figure 1. Rate of agglomeration versus the efficiency in the PVC-CNT.
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Figure 2. Deformation versus mechanical properties of samples.
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4.5. Nano Clays

The use of nanoclay particles enhances the behavior of concrete such as creating self-
compacting concrete, increasing compressive strength, reducing permeability, resistance to
chloride penetration, and reducing shrinkage in concrete [45].

4.6. Concrete Additives for Special Concretes

To produce colloidal non-dispersible concrete under water, the minimum ratio of
water to cement should be in the range of 0.36 to 0.6, and the amount of cement and fine
grains is usually higher than the corresponding mixtures on the ground. Often the hardness
of the mix proportions is adjusted to achieve the desired design parameters for all concrete
properties. As a result, the underwater properties of colloidal concrete are controlled by the
addition of three chemical additives. For example, silica foam can be used in conjunction
with an AWA and a super-lubricant to reduce separation.

5. Theoretical Analysis

As mentioned before, in this study, three different types of samples have been made.
Then, the prepared samples have been examined to find their specifications related to
their specifications. Some parameters like mechanical properties, the day of destroy,
agglomeration, and their efficiencies have been examined afterward. The results are
shown in Table 2.

Table 2. Alternative materials for green concrete.

Mechanical

Properties (MPa) Day of Destroy CNT in PVC Efficiency
S1-0 20 25 0 »
S1-0 22 26 0 25
$2-20 245 27 15 2
$2-20 275 2% 18 %
$3-40 285 % > "
55-40 24 28 24 19.5

In this table, it is seen that, for instance, by increasing the mechanical properties, the
efficiency is not increased necessarily; or there is not a clear relation between agglomeration
and efficiencies. Therefore, to find an optimum sample, containing the best properties
of what has been considered in this study, the well-known technique of global criterion
methods has been used. This method, which is known as GCM, tries to minimize the
difference between the objective function value of each parameter, and its optimum value,
in total [48-50]. Equation (1) shows the GCM formula.

1
£ @) = i) [ "
fif (%)

There are some parameters in Equation (1) such as x, i, f/(x), f;(g), and a that are
related to the input value, objective function number, the value of the objective function, the
value of the equation that should be minimized, and an integer, which increasing it from
one to a higher number, increases the difference between the obtained objective function
values and their optimal amounts. In the literature, the a is considered a number among 2
to 4, which is considered equal to three in this study [51-54].

The main and key point about non-collapsed concrete with self-leveling characteristics
is the successful optimization of AWA with concrete additives such as superplasticizer used
to increase slump. Support agents react with the polymer in AWA to increase the apparent
molecular weight of the polymer, thereby improving the cohesive properties of the polymer

filg) = [Z
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can increase the scour resistance of cement with AWA. These factors also make possible a
0.8% reduction in weight, without having an adverse effect on resistance (Table 3).

Table 3. Test results for concrete containing polymer and glutaraldehyde reducing agent.

Polymer Percentage of .
Percentage Glutaraldehyde Transfer Slump mm Resistance
- 92 130 34.5
0.6 0.5 95 125 34.8
: 1 97 125 35
0.8 - 95 180 33.5
0.5 98 170 34
15 1 100 160 34.2
- 99 225 33.3
2 0.2 100 220 33.8
3 - 100 220 32
0.1 100 215 325
- 100 145 29
0.1 100 140 29.2

All of the single objective functions, one function for each parameter, make a multi-
objective function problem in total. Using Equation (1), the multi-objective problem is
converted to a single-objective function again. This function is coded in the CPLEX ap-
plication and the optimal answer is found by the branch and bound method [55-58]. It is
mentioned that using average of the data, each sample will be an input for the problem. Af-
ter solving the provided problem, in the first step, the following functions, Equations (2)-(5)
are found for each parameter, respectively.

Y7 = —0.0026x% + 0.3013x + 21 )
Yo = —0.0006x> + 0.0625x + 25.5 ©)
Y; = —0.0125x% 4 1.075x (4)

Y, = —0.0347x% + 1.2688x + 23.5 (5)

In Equations (2)—(5), x is the percentage of the sample, such as 0, 20 and 40 percent, and
Y7 to Yy are the objective functions for each parameter, respectively. Figure 3a—d depicts
the plotted function, given by Equations (2)-(4), respectively. It is mentioned that the value
of the squared error for each of the function is equal to one, which shows the complete
conformity. The least value obtained for Equation (1) is 0.135 for the sample with 28.5%.
For such a sample, the mechanical properties, the day of destroy, agglomeration, and the
efficiency will be 27.5, 26.8, 20.5, and 31.5, respectively.

Figure 3a—c, similarly present fast increases in the outputs, by increasing the input at
first, and afterward, the increment will be continued but with lower increments. Opposite
to the other graphs, shown in Figure 3, Figure 3d illustrates an increment at first and a
drop immediately thereafter. First, the efficiency starts with 23.5% and increases to 35%.
However, after increasing the weight percentage of the sample, in drops to 18.75%, which
is less than the value of the starting point.
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Figure 3. The curves of the (a) mechanical properties, (b) day of destroy, (c) agglomeration, and
(d) efficiency, based on the weigh percentage variations of the samples.

6. Conclusions

In recent years, attention to environmental issues, the approach to the technology of
recycling waste materials, and their reuse in developed countries have received a huge
investment. One of the methods of using waste materials is to use them in concrete and
other building materials. In this research, after reviewing the effect of PVC and PVC-CNT,
it was found that these materials might increase the strength of mechanical properties
of green concrete. In this regard, green concrete technology is one of the basic steps
that the construction industry can provide to achieve sustainable construction with the
aforementioned various resources. Green concrete technology can save natural materials
for the use of future generations to preserve and deliver them for a good time. The raw
materials can end and therefore the price of the materials may increase. The countries with
higher education institutions have conducted practical research and development in the
shadow of the country’s economy to use new technology combined with conventional
industries. Meanwhile, major efforts were made to strengthen the economic structure
and basic research. Besides, higher education institutions are building science parks and
implementing high-tech projects jointly with industry. The number of students in colleges
and universities has sharply decreased, and many new regular universities are facing
the problem of enrollment. As most of the newly-built regular colleges are ordinary
colleges with short running times, insufficient teachers, low popularity, and poor education
quality. Establishing an information service system consisting of the World Wide Web,
databases, and digital libraries in the country’s universities were emphasized. With waste
materials as an alternative approach, one can help to reduce environmental problems and
preserve naturally occurring materials for future generations. Green concrete has a reduced
environmental impact with a 30% reduction in CO, emissions from the concrete industry.
Concrete waste such as slag, recycled concrete, fly ash, aluminum can string, power plant
waste, waste glass, red mud, burnt clay, sawdust, combustion ash, and foundry sand
are ingredients of green concrete. However, concrete as a green product produced today
reduces environmental damage and solves the problem of lack of aggregate.
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