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Abstract

The child who moves to an environment outside his family environment, such
as orphanage institutions because of the loss of one or all of his family members, it
is obvious that he feels a kind of alienation and isolation from his peers and a loss of
a sense of interaction and communication with society, so it is possible to mitigate
this feeling by promoting diversity in interactive activities within the internal spaces
of the orphanage institutions and at the neighborhood level, the research problem
was represented by "the lack of clarity in the nature of knowledge about
the role of of interactive spaces in enhancing social interaction for
children within orphan care institutions." In order to solve the research
problem, the research adopted a hypothesis stating that " interactive spaces,
it enhances the achievement of social interaction for children within
orphanage institutions".

In order to achieve the goal of the research, the approach consisting of several
stages was identified, first: building a comprehensive conceptual framework for
social interaction first, and for the concept of diversity in interactive activities and
its most important vocabulary and indicators second, and then reviewing an applied
example, so that the research concludes in conclusion with a set of conclusions and
recommendations.

Keywords: Interactive spaces, Social interaction, Orphanage institutions.
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Abstract

Fragmentation is a fundamental term in the history of critical urban thought,
yet the product of fragmentation is manifested in fragments. Urban fragmentation
is used to describe the phenomenon that occurs when the urban environment is
broken up into smaller units or dispersed areas. This means that cities become
fragmented rather than cohesive and integrated. This disintegration can be the result
of various factors such as poor planning, lack of infrastructure, different land uses,
and social dispersion. This research addresses the problem of urban fragmentation
as one of the challenges facing the urban structure of cities, and clarifies the most
important factors affecting the city structure during the process of continuous
growth. Through studying and analyzing related proposals, the research
problem identified the spread of fragmentation in the urban structure of cities,
which causes the disintegration of urban communities and increases challenges. In
the areas of urban planning and service provision.

In light of this problem, the goal of the research was determined to reach
an integrated theoretical framework for the fragmentation of the urban structure that
includes the causes and policies adopted to deal with it. The research put forward its
hypothesis that the fragmentation of the urban structure is a natural phenomenon
that must occur as a result of demographic and economic changes and urban policies,
and it cannot be overcome except through a study. Studying the causes and treating
them. To achieve this, the research relied in its methodology on defining fragmentation
and the concepts associated with it, and then studying the causes that contribute to
fragmentation in the urban structure, and the research proposes adding policies to
deal with it. Therefore, the research contributes to clarifying a comprehensive view of
the concept in general and the changes occurring in the urban structure.

Keywords: Fragmentation, Concepts, Urban structure, Causes
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11. Making deals with the property ownership in the city, as it causes
environmental problems, able to be considered to be one of the
thresholds for urban development in the city. It is essential to take
the public interest into account, Above all, in the creation of towns
appropriate for maintainable living, and to move towards mixed

utilize at the buildings level.
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The city should increase its capacity to stabilize its EF, as well as the
population's purchasing habits and lifestyle, to lessen its
environmental impact. All news reporters should have access to
the EF results. The work of significant tot methods in the estimating
process of EFM, making the city sustainable, should be covered in
an introduction guide.

Reducing foreignimports and promoting domestic goods financially
and in the media will boost farming and industrial production,
create more jobs, protect fertile land, and stop it from being put to
use in a manner that is incompatible with other nearby uses.
Reducing reliance on fossil-fuel private automobiles and the C
emissions they produce that are bad for the city's environment
and people's health will be made possible by using public
transportation, separating pedestrians from autos, and building
rail and subway infrastructure.

Increase the clean energy use using wind power, the sun, and the
ground. The roof of the buildings able to be utilized to put solar
panels, the desert lands in the city able to be utilized to construct
high wind turbines, and the exploitation of the heat of the ground.
It should be considered that the Najaf city is hot and dry most of
the year and this contribute to the use of technologies to extract
energy stored in the ground. All these trends will reduce the
process of electricity consumption and therefore preserve NR.
Modern approaches able to eliminate many environmental and

urban problems.
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Built-up area, EF, and CF are the mostly noteworthy factors which increase
the EF because of our NR excessive use. The EF of the NG, measured using the
operational framework, is 1,58 hs per person, which implies that there has
been a significant tot loss of NR that has outpaced the land's biological carrying
capacity. The presence of the highest EFs was observed in the research year,
2019, and it was evident from the land use scheme that there are numerous
planning issues. This was accomplished through applying the extracted EF value

to the image of the Najaf city within 3 timeframes, 2009, 2019, and 2030.

9. Suggestions

Considering the statistics included in this study, the researcher suggests

few points as follows:

1. Rethinking the 2030 main plan for Najaf since it doesn't address
the city's present issues.

2. Re-evaluating the legal authority for carrying out plans for urban
development in the city that have an environmental component.

3. Tosolve the city's environmental and urban concerns, government
institutions must implement the future possibilities that have been
proposed throughout the research.

4. ltis essential to use a collaborative method (group) when creating
urban improvement plans, and then to offer them to academic
institutes for feedback on the developed solutions.

5. Itis good to encourage civil society organisations to host meetings
or make use of social media to gather people's issues and
viewpoints in order to gain from them. These groups, on the other

hand, are built around promoting consumer culture toward NR.
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The transportation issue was not addressed in the future master
plan, and conventional approaches to road planning and design continued
to resemble the existing old domestic neighbourhood’s hierarchy. Besides,
the absence of a sustainable design for the street basin, they neglected to
account for the rise in the number of cars in the neighbourhood. The plan

takes all of this into consideration.

8. Conclusion

Most government organisations employ the planning process, along with
recurring reports and research, to address strategic issues. In the discipline of
planning, whether urban, environmental, or regional, there is specialisation
environmental dimension and a vision dearth. Utilizing contemporary technology
to acquire descriptive, digital, and particularly geographical data (geographic
data systems) that aids in improving the environmental issues monitoring and
performance is one of the instruments for environmental planning.

Besides, the numerous components existence utilized in the EFM
calculationi.e., C, agricultural land, pastures, forests, etc., there are numerous
methods to gain the EFM for each stage (individual, city, or region).

The EFM analysis, which is entirely distinct from the environmental
influence evaluation now utilised in the environmental evaluation of
strategies, is involved with the identifying process of the human activities
environmental effects on NR. A variety of other planning issues exist in
the city of Irag as a whole, including environmental degradation, resource
decline, desertification, climate change, and other urban issues. These
factors—the agricultural sector, urbanisation, rapid population expansion,

and migration—all skew the city's El.
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Following the process of displaying all of the city's land use proportions
during three phases and the EF generated by each of them, a comparing
between the land use proportions will be made to understand changes in the
environmental city reputation.

What were the causes of these changes, which in turn produced
several urban and environmental issues that altered Najaf's perception of its
environment?

Following making a compare between 3 elementary charts, in 2009,
2019, and 2023, significant tot points were observed.

These designs have the potential to significant totly alter residential,
commercial, and green space use. Additionally, it was discovered that there
are no locations specifically for house shopping and that commercial utilize
of tape and large-scale utilize overlap in whole residential neighbourhoods
and the areas around every neighbourhood. Additionally, it appears that few
green spaces don't meet the needs for planting design, while others are soil
spaces utilized for other things like playgrounds for kids or generator yards.

By 2030, the implementation of the future master plan, which
was created in 2010, will have been complete. However, we discovered a
signifiable tot number of violations in the land use plan in 2019—nine years
after the intended plan was put into effect. In the Al-Barakya neighbourhood
and in the vicinity of the Najaf International Airport, for instance, agricultural
areas have been transformed into residential plots.

We also observe that, except for one section that was located directly in
the southern part of the city, close to the current Najaf International Airport,
further development has not been considered. They have also repeatedly

failed for including the industrial zone in the plan's periphery.
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Table (3), The relative distribution of the area of land use in the Najaf city in 2019

Type of area Existing value Ratio value for each use | Footmark for each use
Residential 2012.12 31.98 44.19
Commercial 342.71 4.98 7.65
Green areas 543.69 8.84 12.46
Educational 259.64 4.101 4.98.32
Health 31.95 0.69 0.86
Religious 16.32 0.53 0.42
Industry 132.23 1.89 2.99
Roads 1269.12 19.89 27.85
Services 385.32 5.89 7.89.22
Special use 1689.79 26.96 37.49

The main plan for the Holy Najaf city was made by the Lewin Diver
(British company) in cooperation with the Engineering Consultants of
Architectural Design Office for 2008-2023. Although the design was finished
in the last 9 years, a big part of it has not been implemented due to many
reasons. The estimated proposed land usage percentages for the Najaf city

for the year 2030 are mentioned in the following Table (4):

Table (4), The relative land area use distribution in the Najaf city for 2030

Land type Plan for 2030 Ratio value for each use | Footmark for every utilize use
Residential 4743.23 27.46 41.36
Commercial 678.36 4.89 6.32
Green areas 2784.36 17.12 22.89
Educational 259.76 1.83 3.01
Health 31.95 0.69 0.86
Religious 164.13 1.01 1.26
Industry 1628.11 8.99 12.98
Roads 2469.12 16.01 23.09
Services 1241.23 6.88 11.06
Special use 2589.26 14.97 22.36
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e Lewin Dever (British company), in architectural design office cooperation

with the engineering consultancy, has also prepared a plan for 2030.

It will discuss 3 city Els that are from 2009 and 2019 and the future image
for 2030, after identifying the fundamental plans created for the Najaf city. We
apply the amount of the EFM to the amount of usage for every period to reach
a deeper understanding of environmental picture and its impacts.

In 2009, the Najaf city population is 521864 (Central Bureau of Statistics).
The area city is 5891 h, whereas the density of population is 455.2 people / h.

Table (2) below displays the land use areas in h within the city in 2009.

Table (2), The relative land use area distribution in the Najaf city in 2009

Type of area Plan 1 Percentage for each | Fingerprint per use
use

Housing 1856.72 41.00 52.86
Commercial 42.64 1.82 1.22
Green areas 329.59 5.81 8.97
Educational 239.64 5.32 6.56
Health 23.89 0.62 1.23
Religious 6.41 0.29 0.49
Industrial 141.20 2.99 3.99
Public services 465.31 8.99 12.95
Special uses 1056.23 21.63 31.84

The Najaf EF value is 1.58. By applying the land use percentage, the
EFM of the city's master plan will be attained in 2009. Considering such, the
El will be analysed and the positive and negative influences will be assessed.
Statistical estimation mention that the Najaf city populationas 7, 71279
in 2019 (Information published by the Central Statistics Bureau, 2019). Table

(3) shows area of land use in Hs:
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The CF, which accounts for 15.9% of the high environmental impact, is the
final important factor. Because of the heavy reliance on fossil fuels, companies,
residences, and car exhaust all contribute to the emission of emissions of C
and gases to the surrounding atmosphere, which results in a wide range of
environmental and health issues for both individuals and towns. The mostly
detrimental fingerprints in the Najaf province are the footmark built-area, EF,
and CF. They cause the city's environmental reputation to be distorted, whilst
the other footmark had a smaller influence but produced numerous, unresolved
issues. Such issues must be dealt with through sustainable environmental

management on both a short-term and long-term basis.

7. Fundamental plans for the Najaf city

At the current section, the Najaf city EF amount (1.58) will be utilized
and applied to all land utilizes in the city for 10 years (2009-2019) to analyse
the environmental city picture and indicate the -ve and +ve the city’s image
effects over that period.

The main plan outlines how the city will develop and evolve throughout
time. The fundamental plan relies on the spatial and temporal dimensions,
and it establishes how the land is utilized and distributed in space. There are
few basic plans considered for the Najaf city:

e In 1958 AD, the first main plan has been made through a Greek

company of planning named Doxiades.

e The plan was set up by the Commission of Urban Planning in

Planning Ministry, following the creation of the NG, and making
the city the centre of administration, was suggested for extending

the city until 2000.
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Thus, the city footmark f = 0.69*%1462706=1009267.14 Considering
the EFM indicators, the total EF = 2080 951.064 h/s. Dividing such by the
total governorate population (2882400), we gain the EF of Najaf city which is
mentioned in Table (1) below:

Built-up footmark =479%
Table (1), The EF of NG in 2019

Element Area (Hs) Percentage %
Farming footmark 142584.62 5.9
Footmark as pastoral land 18.99 0.002
H20 footmark 158576347 0,732
Footmark as waste 120,59 0,007
Footmark as power of energy 656,968.176 28.9
CF 336385. 22 15.9
Built-up footmark 1239268,12 47.9
Print set 2163854.125 100
The footmark of individual in 1,58 (per Person) _
province of Najaf

According to the conclusion, the value of the extracted EF for NG is
1.58 hs, as it is 1.82 hs for Iraq. It indicates that this percentage will increase
over the future years and beyond the permitted international limit. "The
built-up area" accounts for 47.9% of NG's EF, making it one of the most
significant tot factors. It denotes the land resource overuse in terms of the
fundamental design city's excesses and the disadvantages of its regular
and uniform distribution of land use. The EFM increases by 28.9% after the
(energy) footmark, which is what comes following. There are various causes
for this, including the absolute reliance on one energy source for everyday

needs and the absence of an electric energy consumer culture.

E182



Environmental Footmark and Its Effects on the Sustainability of Towns '

1ton=1.8 hsandthus0.075/1.8=0.041 footmark per a family Therefore,
the footmark of the city:
0.041 h *292541 family =11994.18 h

6.1.8 Oil footmark

The family’s annual share of oil = 100 L/year.

The constants needed are as follows:

(Billion BTU/ tons of C) = 19.35

(BTU/gallon) =138700

The conversion from liter to gallon is = 200 / 4.5 = 44.4 gallon

The converting from gallon to BTU is 44.4 gallon*(BTU/gallon) 138700=
6158280, that is = 0.0061 billion BTU.

Thus, Area (hs) of emissions = (billion BTU/tones C) *¥19.95*0.0061
billion BTU=1.21-ton C.

1 ton = 1.8 hs and thus 1.21/1.8=0.67 footmark for each family.
Therefore, the footmark of the city:

0.67 h *292541 family = 196002.47 h

The final CF is equal to = gasoline footmark + fuel footmark + oil footmark

=96538.53+11994.18+196002.47 = 304535.18 5 hs.
Whole CF =15.9%

6.2 Area as built-up

The footmark of the area as built-up in a city comprises the space
occupied by businesses, buildings, and industrial facilities. Built-up area In
NG is 20031.25 H/s. Individual footmark of average h = area as built up/
Governorate land area = 20031.25/2882400= 0.69 the individual footmark.
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4.5 liters = 1 gallon, so from litter o gallon 1120, 56/4.5= 249. From
gallon to BTU as follows:

249 gallons *125000 (BTU/GALLON) = 31125000 BTU =0.031125 billion BTU.

0031125*billion BTU* (billion BTU/tubes C=19.35) = 0.698 tons C.

1 tons = 1.8 hs thus: (0.698/1.8) =0.34 (City footmark)

City footmark = 0.33 hs * 292541 households =96538.89 hs footmark

for each family.

6.1.7 Gasoline footmark

The average daily Gasoline consumption is 100 m3 =100 thousand L

Population served number = Population of governorate / household
number as average: 2882400/5 = 292541 households.

Average car ownership is one car per a family. When the family daily
share is 100000/292541 = 0.34 L/ day.

Annual gasoline share for every family = 0.34 L x 365 days = 124 L per a year.

For extraction a C emissions h from the annual consumption index
gasoline, we will depend on few constants as following:

(Billion BTU/ tons of C) = 19.35, it is the constant utilized in conversion
for obtaining the CO2 quantities.

(BTU/gallon) =138700, it is stable and is considered a unit of heat
utilized to heat 1 gallon

124 /4.5 = 27.5 gallon

The converting from gallon to BTU is 27.5 gallon*(BTU/gallon) 138700=
3814250=0.0038 billion BTU.

Area (hs) of emissions = (billion BTU/tones C) *19.95*0.0038 billion
BTU=0.075-ton C.
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It is common to estimate the annual tonnes of CO2 produced which
able to be paired with tonnes of emissions from other fossil gases like nitrous
oxide and methane. When calculating a CF, many factors are considered. For
instance, transporting gasoline to a store uses up a lot of fossil fuels and
emits greenhouse gases. Such store is powered by electricity and probably
has its own C emissions. Likewise, the commaodities in the shop have all been
carried there so it is necessary to consider the whole C emissions.

Additionally, all of the berries, veggies, and meats that the store sells
are grown and processed on farms using a procedure that releases 25 times
as much CO2 greenhouse gas. Both of these elements must be included in

order to fully account for the CF of a certain activity.

The consumption of gasoline: 900000 L

Population served number = population of governorate / household
average number.

Number of populations served = 2882496/5 = 292539.

The average car ownership is one car per a family.

A family's daily ration: 900000/292541 = 3.48 liters per day

the family's annual share of gasoline: 3.48 liters x 365 days = 1120,65
liters/ year.

For extraction a C emissions h from the index annual consumption of
gasoline, we need few constants:

The utilized constant in the conversion for obtaining the C CO2
quantitiesis BILLION BTU/TONES CARBP=19.35.

The constant to be utilized as a standard unit when heating 1 gallon is
BTU/gallon= 125000
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specifically CO2, to draw attention to the issue and open the door for remedial
action. Environmental problems such heavy urbanisation, agricultural
activities, changes in land usage, or global or local farming practises have
drastically reduced the ability of soil to absorb CO2 in several locations.

In 1999, the whole volume of the EF was about 6, 72 billion hs. The field
comprises of 11, 4 billion hs (including land employed, plus future crops).
The whole EFM was 13, 65 billion hs.

Along with the use of environmentally friendly technologies like solar and
wind, increased growth of plant (sequestration) is one primary way that the EF
is expanding. Similar to the oil footmark, the EF is a degree of change which is
applied to organize collective intervention. This term has been quickly grasped
by developing the meaning to the individual's perspective. Additionally, it
supports collaboration and coalitions between various stakeholders in an effort
to find novel, workable, and less trouble few solutions.

Total load for power in NG = (3555616) MB = 35555616000 Kilowatt hours.

To convert the electrical load into area (hs), it must be multiplied by
conversion constant (0.000174), so 35555616000 x 0.000174 = 618679.286
hs (governorate).

The EF per capita footmark = 618679.286/ 1462706 = 0.42 hs per capita.

Energy power footmark =28.9%

6.1.6 C footmark (CF)

A CF is a measurement of the amount of greenhouse gases, primarily
CO2 that one human action releases into the environment. A person, a
family, an event, an institution, or even an entire behaviour of nation able to

allis included in a CF measurement.
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The following equation able to calculate the EF:

e the amount of daily water use and all uses x the total population of the
study area x 365 days X 350 L X 1,462,726 Population =19686069169.

e For every million litters, 0.08 hs of space is needed 19686069169
/1000000 = 186860,9

e 186860,9 x 0.08=149480856 hs county EF for individuals =
149480856/14627.8 =0.12

e Water footmark =0,732 %

6.1.4 Waste footmark produced

The daily waste production is 1 kg. Every 1 cubic meters of waste equals
450 kg. To obtain the waste fingerprint, we need the dependence on levels of
consumption, annual waste production, and then it able to be measured in
worldwide scale. The waste Footmark able to be measured as follow:

The daily waste amount production (kg per capita) x the total study
area population = 1x365x1462709= 533887690 kg

Waste Footmark measured according to each cubic meter:

533887690/ 450= 1186417

every one h is equal to 100000 cubic meters. So:

the governorate of Najaf waste Footmark: 1186417/ 100000= 11869

Waste Footmark for individuals: 11869/1462709= 0.0000832

Waste footmark =0,007%

6.1.5 Energy Land footmark
The land measurement required for absorbing CO2 emissions is the

energy footmark (EF). Such strategy focuses on the energy use effects,
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The utilized equation for that is as follows:
e Average h = cereal crops production quantity / total governorate
area = 22992898/2882419 =7.9

The following step is calculating the farming land footmark which is
according to the proportion and ratio method, and such is done according to
the following method:

e 2882422 hs (governorate area) * 22992898 tons (crop production)
7.896945059* X tons (consumption per capita per year) 0.08997
h=0.0876

e Then such result multiplied by the population number in the city
which is 1482708 = 139287,56

e The farming land footmark = 5,9%

6.1.2 Foraging land

Extensive pasture lands are there in the Badia, Najaf that had received no
care, nonetheless are managed by the Nomads population of an area of 66,266 hs.

The EF is measured by the equation as follow: Average h = pastoral
area / decertified land area

= 66266/3320= 16, 99.

Pastoral Land footmark =0.002%

6.1.3 The area of water space
The study will focus on the surface water of 18163075 hs needed to
produce fish for human consumption in (Shatt al-Kufa and Bahr al-Najaf),

mentioning that the daily consumption of water is 350 litters.
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e NG population: 1462708 inhabitants
e The population of study area: 781386
e The population as urban: 71%

e The rural population: 29%

6.1 The EF in the Najaf holy city

At the current part, the whole governorate of Najaf area and the whole
population of governerate is utilized to extract as indicators quantitative for
obtaining the governorate’s EFM. After applying these indicators scientifically,
a proposal will be drawn up for the Najaf city fundamental plans to crystallise
the El for every city.

Elements of the EFM are exemplified in terms of farming land, rural
land, H20 footmark, waste production footmark, C footmark, alternative

footmark of energy, and built-up area.

6.1.1 The crop land analysis

The three main agricultural crops (rice, wheat, and barley) are widely
grown in the province of Najaf, with annual production numbers measured
in tonnes. The community of Najaf will determine the ecological agricultural
yields impact according to knowledge of consumption.

The EF able to be measured with information as follow:

e Agricultural crop production: 22982898 tons

e Agricultural grains production exploited area: 98386.9 h

e Daily consumption rate per capita from the food group = 1989g /

person / day, annually = 736589 g / person / year, i.e. 0.683726

tons per person in a year.
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according to the national footmark utilizing the proportion between
the locally set information and the similar nationally set information.
This approach does not rely heavily on local information collecting,
making it one of the easiest approaches for determining towns’
EFMs. The following equation explains the combined approach for
estimating the EFM as the ultimate footmark is generated from the
estimate of the national footmark. (Vackar, 2012).

e Direct Method: This approach is frequently utilized to estimate a
company's, a household's, or an individual’'s EFM. The strategy
makes use of information gathered from various consumer activity
groups, and direct information collecting is not always possible.
Therefore, it is unknown whether the direct method is employed
to calculate towns’ EFMs. However, a research firm in the UK
known for its environmental effects and specialising in the

measuring of the EF exists (Teixidé-Figueras & Duro, 2014).

6. Najaf city EF

NG is responsible in extracting the EF value as the essential information
is available. The investigator made the use of few general indicators for
boundaries explanation. The study information includes: The present NG
administrative division comprises 3 districts: Al Manathira, Kufa and Najaf
district centre. It also comprises of 9 sub-districts: Shabaka, Al-Haidariyah,
Al-Qadisiyah, Al-Abbasiya, Al-Hurriya, Al-Mashkhab. In the following some
information information about the city .

e area of Najaf province: 2882419 hs

e The study area: 6584 hs
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5. How to estimate the EF?

The calculating methods of EF are Component method, Compound

method, and direct method. They basically vary according to diverse

information sources. Few towns in the EF research benefit from the mixture

technique that mixes elements from few or all of the three methods (Wang,

etal., 2013)

Component method: The Components Method, which uses a
bottom-up methodology, is the best way to assess a city's or
region's EF. It also covers any actions that are carried out in close
proximity to and contact with the populace. Rather of adopting
the economic model's commodity dynamics (Albarracin, 2017).
Because of the connection between citizens' consumption
behaviours and the availability of citywide consumption
information, it is signifiable tot to note that the element technique
is utilized in many towns. Depending on the circumstances in each
city, each consumption component is described in greater detail.
Numerous studies have employed particular sets of consuming
components to simplify various products for calculation reasons
(zakari, et al., 2012).

Compound method: This method comes after the approach of
Wackernagel and Rees, in which information is utilized for all
produced commodities or exchanged. For instance, we gather
information on the pine wood amount in USA, if it is imported or
exported, and after that compute it’s EF. The same is true for whole

other goods (Jiao, et al., 2013). The footmark able to be predicted
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Therefore, The EF basically determines supply and demand. It
also determines the assets of ecology (assimilation biological volume or
biologically fertile seas and land) which is essential for individuals to make
services and the NR they rely on basis as regular, like vegetables, livestock,
marine animals and wood) (Hoekstra, 2009).

The genetic footmark assesses the impact of trash in addition to
the regions allotted for infrastructure (CO2 as a result from the process of
incineration). Biological absorption capacity is utilised in the display process
to keep track of the ecological resources that are available both locally and

globally (Kratena, 2008).

4.3 The EF function

The EF able to also contribute to resources conservation and waste
management as it able to be utilized to assess towns by comparing the
ecological provided services with the demand intensity on the earth
(Wackernagel, 2009). It as well aims to persuade officials and the public as
general for incorporating accounting of environmente into their routine work
so that the area able to continue to have a healthy, sustainable environment
and a competitive, viable economy for a very long period (Solarin, et al.,
2019).

The EF is a global strategy which aims to keep the environmental
resources that are accessible to people from excessive use, and it has the
capacity to turn sustainability from an imprecise idea into a quantifiable goal.
Applying these ideas is what EF aims to do to make towns environmentally

sustainable. (Lustigova & Kuskova, 2012).
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decisiononregional orlocal planning approachesthatis additionally noteworthy

compared to that only making instructive comparisons (Fiala, 2008).

4.2 EF components
A comprehensive EF Index key elements informationbase, as it comes
in the following part, should be available for calculating the EF (Hopton &
Berland, 2015).
e lLand of energy: Woodland would be needed for removing CO2
emissions from energy of every person usage.
e Harvest land: the farmland required to grow the food that is
consumed.
e Land of pasture: the area requisite for producing essential products
for animals.
e Woodland: the area of forest requisite for producing paper and wood.
e Sea area: the sea area utilized for the production seafood.
e Built area: the area utilized as housing accommodation and infrastructure

The Ecological Footprinf

MEASURES
i =

T

T

Figure 1: the EF component
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3. What does this research focus on?
This study targets the following goals:

A. Developing a methodology to measure the EFM in towns, the Najaf
city in particular.

B. Increasing the quality of modern life by the use of the EFM.

C. Suggesting feasible and cutting-edge approaches for enhancing
the environment and the well-being of life in Najaf, with the help
of one of the environmental planning techniques as a result of the
abilities offered for producing the environmental town’s image in

Iraq.

4. Background
The purpose of employing the EFM, its elements, and the ways where
the EFM able to be computed will all be covered in this part, which will also

introduce the concept's key dimensions.

4.1 EF Definition

The EF is an indication of the how a specific people affect the earth
and its systems as typical (Ismael, et al., 2019). It demonstrates the point to
which a nation's population's lifestyle is sustainable as well as the severity
of its effects and harm to the environment (Wood & Garnett, 2009). The EF
is a technique mathematically unique as it able to calculate the effects of
humans on the ecosystem at whichever magnitude (Santoso & Aulia, 2018).

Fingerprints are able to be measured for people, firms, towns and states,
and then compare the findings across these metrics and places (Ding & Peng,

2018). The EF able to also be utilized as a tool for assisting local makers of
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2016). Having that said, politicians will be able to assess a community's
environmental impact using EF information and compare it to the
environment's capacity to recover (Scotti, et al., 2009) .

With the help of these studies we able to work on ecological
effectiveness, identify the impediments to ecological load decline and see the
progress attained in sustainable approaches (Scotti, et al., 2009). Therefore,
the EF is able to be utilized to assess the practicality of theoretically useful
proposals and lead to creating applicable methods and scenarios (Siche, et
al., 2008).

Due to a variety of factors, such as the world's rapid population
growth, we are currently experiencing several environmental repercussions
in metropolitan areas (Hopton & Berland, 2015)., as reported by the United
Nations Population Division, 54% of the population of the world resided in
areas being urban in 2016. By 2020, Ministry of Planning projects that there
will be 40 million people living in Iraq (Ding & Peng, 2018).

According to the survey, 30% of Iraq's people live in rural areas,
compared to 70% in metropolitan areas (Lee & Peng, 2014). Because of
this, towns produce several indications of natural resource high levels use,
and decisions made by urban should be ready to deal with and detect such

repercussions of the environment (Wiedmann & Barrett, 2010).

2. Barriers

The failure to embrace indicators of the environment (such as the EF)
throughout the urban growth procedure of towns resulting in a loss in the
offered urban services functional effectiveness and, as a result, distorts the

city's environmental reputation.
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1. Introduction

The (EF) is an accounting as a biomass-based approach designed
for tracking human demand for fundamental services of nature and their
availability as a critical service for the environment (Petric, 2004). The main
goal of such accounting approach is to provide a standard for evaluating the
strain that humans place on the environment and their applicability to a
range of goods globally (Xie, et a/., 2014).

Basically, it enables consumers to comprehend the regional resource
market and investigate how it affects the worldwide sustainability issue.
Finding a style of living that works for everyone while preserving the
resources of the world is what is meant by sustainability (Wang, et a/., 2007).

When it comes to urban environments, it is essential to create a
healthful relationship between towns and the planet (Santoso & Aulia,
2018). Although all towns have been prospering so far, they have been
deteriorating the survival climate too. This is only feasible because of the
historical EF expansion, the surrounding area where towns produce the
energy and gather the contaminants and garbage of their own (Syrovatka,
2020).

Since the NR is limited, there is a need to expand the environmental
development consideration through speeches on environmental preservation
and cover the entire field which is presently around areas being urban (Fiala,
2008).

With the current climate warming, the concept of EF becomes
increasingly crucial. By explaining the components in a transparent and

ecologically sound manner, sustainability able to be achieved (Yao, et al,,
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Abstract

TheEcological Footmark (EF) is one of the utmost recent and important
criteria for assessing the capacity of the population to uphold a life sustainable
way. It tests the extent which the indicators have an influence on the natural
resources (NR) of the ecosystem such as forestry, water bodies, agricultural
lands, pastures, CO2, and properties for construction purposes. This
footmark was utilized to evaluate the use of NR to the capacity of the land
for regeneration. This research paper discusses the theoretical conceptual
component of the EF framework and plans regarding issues related to the
environment. The environmental image (El) crystallizing process is also
highlighted in this study. The scientific assessment of the environmental
footmark (EFM) of the Najaf Governorate (NG) serves as a representation of
the practical aspect.

The application of the research led to the finding that each person in
the NG had an environmental impact of 1.58 hs. Such value of application to
the Najaf perception in 2006 and the current situation in 2019 is the following
step. The main plan for Najaf city has been evaluated for its potential effects
on the environment up to 2030. The goal is to lessen Najaf's environmental
imprint in the following years and to enhance its environmental reputation
in addition to researching potential future situations.

Keywords: Environment, Footmark, Effect and Sustainable .
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intervention, and improved outcomes. When these models are implemented

into clinical practice, there is potential for more individualized treatment and

ultimately lessened the burden of gestational diabetes on the mother and

the child.
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6. Conclusions
Artificial Neural Networks (ANNs) for the diagnosis of gestational diabetes

in early pregnancy are a useful technique for accurately assessing the risk of
prenatal diabetes mellitus (GDM). Different clinical, demographic, and laboratory
data may be used with ANNs to generate prediction models that might be used
to identify women who have a high chance of developing GDM.

The studies covered here demonstrate how effectively ANN models
complement our method for determining GDM risk. These models'
exceptional accuracy has allowed for early therapies, customized care,
and improved monitoring of expecting moms. Artificial neural networks
(ANNs) hold great potential for enhancing GDM therapy in general and early
intervention strategies in particular.

Artificial neural networks (ANNs) have various advantages when it
comes to early pregnancy gestational diabetes risk assessment. Because
these models can handle complex and non-linear interactions between
risk factors and outcomes, better prediction accuracy may be achievable.
Because they can incorporate a range of features and adapt to changing
input patterns, ANNs are robust and adaptive.

However, there are still several problems in this study that need to
be fixed. Large and varied datasets are necessary for the generalizability
and reliability of the ANN models, as is external validation. Additional hyper
parameter tweaking and feature finding for additional optimization and
refinement are also necessary to improve the models' performance.

Finally, employing ANN to identify gestational diabetes risk early in
pregnancy shows great potential. With further research and refinement,

ANN models may help women at risk of GDM with early identification,
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Overall, this approach combines training, evaluation, validation, and
performance assessment to develop an ANN-based system for risk detection
of gestational diabetes, providing a better understanding of the disease and
its predictive capabilities.

However, when compared to the results found in the other academic
articles evaluated in Table (3) below, the first instance's results from the

suggested approach demonstrated a greater caliber of excellence.
Table (3) Comparison between Proposed Methods and Previous Researches.

Study Methodology Accuracy

Watanabe, et al., (2023) SVM 97.4%

Proposed accurate methods for GDM prediction in
Wu, et al., (2021) 96.1%
first trimester

Developed an ANN model using factors such as
Malhotra, et al., (2020) 98.6%
age, BMI, etc.

Developed an ANN model based on maternal
Li, et al., (2019) 97.9%
features, etc.

Used an ANN model with demographic, clinical,
Wang, et al., (2018) 95.6%
and biochemical variables

Utilized an ANN model based on clinical and
Yildirim, et al., (2017) 98.4%
demographic characteristics

Our method* Using ANN 100%
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visualizing important features or variables contributing to the risk detection.
This can provide insights into underlying factors associated with gestational

diabetes. Table (2) illustrated the initializing input data normalization.
Table (2) Represent Initializing Input Data Normalization.

| Epoch | Iteration | Time Elapsed | Mini-batch | Validation | Mini-batch |
Validation | Base Learning |

| | | (hh:mm:ss) | Accuracy | Accuracy | Loss | Loss | Rate
I
I
| 1] 1| 00:00:09| 11.00% | 21.00% | 3.2582|  2.5465 |
0.0010 |
| 20| 20| 00:00:44| 98.00%| 100.00%| 0.0540| 0.0011 |
0.0010 |

Where:

Epoch: During the training phase, each epoch denotes a full run of the whole dataset. Epoch 1 and
Epoch 20.

Iteration: The quantity of mini-batches processed in a given epoch is referred to as an iteration.
Iteration 1 and iteration 20 .

Time Elapsed (hh:mm:ss): This column shows the time needed to complete the related epoch or
iteration.

Mini-batch Accuracy: It is a measure of how well the ANN predicted the mini-batch of data during
training.

Validation Accuracy: On a different validation dataset, it shows how accurate the ANN's
predictions were. This aids in assessing the model's generalization performance.

Mini-batch Loss: It shows the mistake or loss that was determined when training on the mini-batch
of data. Usually, backpropagation is employed to update the ANN's weights after this loss.
Validation Loss: It displays the error or loss that was determined using the validation dataset. In
order to avoid overfitting and to keep an eye on the model's performance during training, this loss
is employed.

Base Learning Rate: It stands for the training process's applied learning rate. The step size at which
the weights are changed during backpropagation is determined by the learning rate. While a lower
learning rate might result in longer convergence but greater accuracy, a higher learning rate can
lead to faster convergence but run the risk of overshooting the ideal answer.
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Overall, this figure 2 provides useful information about the training
progress of our proposed classification model. It shows that the
model is converging to a good solution with low training and
validation losses and high accuracy. It also shows that the learning

rate is decreasing over epochs.

Training Progress (26-Jan-2024 06:57:28)

60~

Accuracy (%)

4o

Training Progress (26-Jan-2024 06:57:28)

100.00%

Max epochs completed

26-Jan-2024 06:57:28
44 sec

200120
200120
1

20

Validation
Frequency: 30 terations

Other Information
Hardware resource: Single CPU
Learning rate schedule:  Constant
Learning rate: 0.001

10 20
L L L L L .
2 4 6 8 10 12 14 16 18 20
lteration

Figure 2: Training Progress Plot

B. Validation and Improvement:

The trained model is validated using techniques like cross-validation to

assess generalizability and identify overfitting or under fitting issues. Hyper

parameter tuning can be performed to enhance model performance. The

performance of the ANN model is compared with other existing models or

standards, considering metrics like accuracy, sensitivity, specificity, and AUC-

ROC curve, to determine its effectiveness in detecting gestational diabetes

risk. The final step involves interpreting the results of the ANN model and
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because of the low rate of learning, but it finally converges. A faster pace
of learning encourages learning even though it might not converge. Usually,
it is suggested to take your time studying. The number of periods indicates
how many times the entire training set is transmitted to the network during
training. The accuracy of the micro-batch reported during training has a
positive correlation with the accuracy of the micro-batch stated at the given
iteration. Iteratively generated averages do not represent running averages.
The method splits the entire data set into several small groups while using
momentum training and random gradient descent (SGDM). For each small
batch, network gradients are computed during iteration. Every imaginable
little impulse that might be felt has a time component. Even if the error is
estimated for each image in the training dataset, the model is not changed

until all training images have been examined.

A. Training Progress Plot

1. Training and Validation Losses: This subplot shows the training
and validation losses over epochs. The training loss is the error
between the predicted class and the actual class for the training
data. The validation loss is the error between the predicted class
and the actual class for the validation data. The goal is to reduce
both the training and validation losses as much as possible while
avoiding overfitting.

2. Training and Validation Accuracy: This subplot shows the
training and validation accuracy over epochs. With respect to the
learning rate shown in this figure, the learning rate is typically

decreased over time to help the model converge to a good solution.
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1 Gestation in previous Pregnancy

Valid m 3525 100%

Mismatched 0 0%

Missing B 0 0%
Mean 0.96
Std. Deviation 072

Quantiles 0 Min

0 25%

1 50%

1 75%

2 Max

Valid 2444 69%

Mismatched 0 0%

Missing B 1081 31%
Mean 279
Std. Deviation 571

Quantiles 13.3 Min

24.4 25%

275 50%

31 75%

133 45 45 Max

Valid m 2524 72%

Mismatched 0 0%

Missing 1001 28%
Mean 46.5
Std. Deviation 10.8

Quantiles 15 Min

42 25%

49 50%

55 75%

15 70 70 Max

Figure (4) The Frequency Distribution of the Characteristics in the GMD Dataset.

3- Evaluating the Results of the Model

Use standard metrics to determine an item's performance value.
The factors known as hyper-parameters have an impact on the network's
architecture and training process. The learning rate affects how quickly

network parameters may be modified. The learning process slows down
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Table (1) Data Set Description

Description Value
Number of instances 3525
Number of features 15
Number of classes 2
Number of sample 0 2153
Number of sample 1 1372

1 Case Number

1763.00 - 2115.40 Valid m 3525 100%
Count: 353 Mismatched 0 0%
Missing 0 0%
Mean 1.76k
Std. Deviation 1.02k
Quantiles 1 Min
882 25%
176k 50%
264k 75%
3.52k  Max
Valid m 3525 100%
Mismatched 0 0%
Missing B 0 0%
Mean 326
Std. Deviation 617
Quantiles 20 Min
28 25%
32 50%
37 75%
45 Max
1 No of Pregnancy
Valid W 3525  100%
Mismatched 0 0%
Missing B 0 0%
Mean 2.08
Std. Deviation 0.84
Quantiles 1 Min
1 25%
2 50%
3 75%
1 4 4 Max

\E156 /



Risk Detection of G ional Diabetes in Early Pregnancy Depend on Artificial Neural Network '

B I T
convolution2dLayer(5,32)
batchNormalizationLayer

relulLayer

maxPooling2dLayer(2, 'Stride’,2)
convolution2dLayer(5,64)
batchNormalizationLayer

relulLayer

fullyConnectedlLayer(128)

relulLayer

dropoutLayer(@.5)
fullyConnectedLayer(length(activities))
softmaxLayer

classificationLayer];

options = trainingOptions('sgdm', ...
‘MaxEpochs*,2@, ...
"InitiallearnRate',0.001, ...
‘Shuffle’, ‘every-epoch’, ...
'ValidationData',{data, categorical(labels)}, ...
'ValidationFrequency',3@, ...
"Verbose',true, ...
'Plots’', 'training-progress');

net = trainNetwork(data, categorical(labels), layers, options);

% Step 3: Extracting Features and Building an ANN Model
featureLaver = net.lavers(end-2).Name:
Command Window

Iraining on single CPU.
izing input data normalizati

Time Elapsed | Mini-batch Validation | Base Learnin
(hh:mm:ss) | Accuracy Accuracy |

00:00:09 | . . 3.2582 | 2.5465 ||
00:00:44 | .00% .08% 8.0548 | 0.0011 |

Figure (8) Displays the MATLAB Program Screen.

2. Stander Dataset: The GDM dataset that the researchers created
was used to experimentally validate the ANN model that was
presented. There are 15 characteristics present in a total of 3525
occurrences. The collection also includes a pair of class labels. In
particular, class 0 comprises 2153 occurrences, whereas class 1
comprises 1372 instances. The dataset's relevant information is
displayedinTabel 1. The frequencydistribution of the characteristics

in the GMD dataset is displayed in Figure (9).
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E. Model Training: An ANN model is trained using pre-processed data selected
by features. This involves feeding input data through the network and adjusting the neurons'
weights and biases using optimization techniques such as backpropagation. The training pro-
cess aims to reduce the error of the model or the loss function to make the correct decision
whether the pregnant woman has gestational diabetes or not. In this model, about 70 % of

Dataset was trained and 30% of the system was tested.

5. Experimental Results

The effectiveness of the proposed approach was verified through
extensive experiments using datasets collected from a group of pregnant
women in Iraqgi Kurdistan.

Evaluation metrics such as accuracy, false positive rates, and detection
rates are used to evaluate the performance of a system. The results show
the superiority of the artificial intelligence-based approach to detecting
gestational diabetes, whether it is present or not, as shown below:

1. Computing platforms: In our experiments, we implemented the
entire gestational diabetes risk detection in early pregnancy based
on artificial neural network using Huawei PC, which has a 1st
generation Intel(R) Core (TM) i7-1165G7 @ 2.80G processor. 2.80
GHz and 16 GB RAM. For training and testing learning models, we
use a MATLAB system implementation. Figure (3) displays the
MATLAB program screen.
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tics are most helpful in forecasting the risk of gestational diabetes may be through statistical

analysis, domain expertise, or unique engineering approaches.

D. Model Architecture Design: An ANN model is designed, specifying the
number and type of layers, the number of neurons in each layer, and the activation functions
to be used. The structure can vary according to the specific requirements and the complexity
of the problem facing us in detecting whether a pregnant woman is infected or not as shown

in Figure (7) represent of diagram aarchitecture of ANN in this project.

Input

4 T Hidden 1 %

[~ ]

. LWy
4 T Hidden 2 %

4 output

3

Figure (7) Diagram Architecture of ANN in this Project
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A. Data Collection: Relevant data are collected from pregnant
women, includingdemographicinformation, clinical characteristics,
and laboratory test results. This data serves as a basis for training
and testing the ANN model. In this research, the dataset was
obtained from laboratories in Iraq and the Kurdistan Region, which
collected information from pregnant women with and without
diabetes, and training data for the models was collected from
public and private laboratories in the Kurdistan Region of Iraq. The
dataset included 3525 conditions and seven attributes. It can be
accessed at https.//ieee-dataport.org/documents/gestational-

diabetes. A sample of gestational-diabetes dataset is shown in

Figure (6).

Case Number ~ Age  of Pregnam previous BMI HDL imily Histoiined prenild or Birtt  PCOS ~ SysBP  DiaBP  OGTT {emoglobientary Life?rediabeteel(GDM /Non GDM)
1 22 2 1 55 0 0 0 0 102 69 12 0 0 0
2 26 2 1 53 0 0 0 0 101 63 12.4 0 0 0
3 29 1 0 50 0 0 0 0 118 79 14.3 0 0 0
4 28 2 1 51 0 0 0 0 99 70 15 0 0 0
5 21 2 1 52 0 0 0 0 116 65 15 0 0 0
6 29 2 1 51 0 0 0 0 98 63 15.2 0 0 0
7 26 2 1 51 0 0 0 0 94 68 15 0 0 0
8 27 1 0 52 0 0 0 0 116 63 12 0 0 0
9 26 1 0 57 0 0 0 0 108 62 14 0 0 0

10 21 2 1 52 0 0 0 0 98 78 13 0 0 0
11 21 2 1 56 0 0 0 0 100 76 14 0 0 0
12 26 2 1 50 0 0 0 0 110 68 13 0 0 0
13 27 2 1 55 0 0 0 0 105 61 13.6 0 0 0
14 25 2 1 58 0 0 0 0 106 80 15 0 0 0
15 22 1 0 53 0 0 0 0 109 61 15.9 0 0 0

Figure (6) Sample of Gestational-diabetes Dataset

B. Data Pre-processing: To make sure the data is high-quality and appropriate
for ANN modelling, it is pre-processed. In this stage, missing values are handled, the data are

normalized or $tandardized, and categorical variables are coded if needed.

C. Feature selection/extraction: Relevant characteristics are chosen or ex-

tracted from the pre-processed data in this stage. The best way to ascertain which characteris-
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The group of transfer functions that are employed to produce the
intended result is referred to as the activation function. Although the activation
function can take on various forms, it mostly refers to sets of linear or non-linear
functions. Tan hyperbolic sigmoidal activation functions, Binary, and linear

activation functions are a few of the often utilized sets of activation functions.

4.Methodology

The methodology for detecting gestational diabetes risk in early
pregnancy based on artificial neural networks (ANNs) typically involves several
steps, including data collection, preprocessing, model training, and evaluation.

The following is an outline of the methodology as shown below in Figure (5):

Data collection

Data Preprocessing

Feature Selection

Dataset Split

Invalid

Figure (5) Structure of Proposed Model of Gestational Diabetes Risk in Early Pregnancy
on ANN
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An ANN's operation is explained in simpler terms by the previously
described equations (1) and (2). In actual use, artificial neural networks
(ANNs) may contain more complicated equations, several layers, elaborate
structures, and a range of activation functions. But the underlying ideas of
input, processing, and output do not change. Figure (4) display the artificial

neural networks architecture of ANN.

Hidden layer
Input Output
layer layer

.

Figure (4) Artificial Neural Networks Architecture

Each input is then multiplied by the appropriate weights after that (
these weights are the details utilized by the artificial neural networks to solve
a specific problem ). Generally speaking, these weights typically indicate
how strongly the neurons inside the artificial neural network are connected
to one another. Within the computing unit, each weighted input is compiled.

Bias is introduced to the output to make it non-zero or to anything else to
scale up to the system's reaction if the weighted sum equals zero. Weight is equal
to 1, and bias has the same input. In this case, the total weighted inputs may
fall between 0 and positive infinity. Here, the sum of the weighted inputs is fed
through the activation function, and a certain maximum value is benchmarked

to maintain the response within the bounds of the intended value.
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2.Processing: All during the processing stage, the input values are
changed and sent throughout the network using a combination of weighted
connections and activation functions..

a. Weighted Connections: Every neural connection, regardless of
degree, has a certain mass. These weights determine the strength of the link
and indicate the importance of the input. The following layer calculates the
weighted sum of inputs for each neuron.. Mathematically a neuron j in layer

L's weighted sum (z) may be computed as I:
z_jAL = S(w_ijAL * a_if(L-1)) + b_jAL (1)

Here, w_ijAL represents the weight between neuron i in layer L-1 and
neuron j in layer L, a_i*(L-1) is the activation value of neuron i in layer L-1,
and b_jAL is the bias of neuron j in layer L.

b. Activation Functions: The weighted sum is then passed through an
activation function, which introduces non-linearity to the network. Common
activation functions include sigmoid, ReLU, and tanh. The activation function

(a) for a neuron j in layer L is calculated as:
a_jrL = f(z_jnL) ..(2)
Here, f represents the activation function.

3.0utput: The output layer of the ANN produces the final result based
on the data that has been processed from the previous layers. The activation
levels of the neurons in the output layer indicate the expected values or
classifications.

Throughout the training phase, the ANN adjusts the weights and biases
to minimize the difference between its intended and predicted outputs. This
adjustment is accomplished using optimization techniques like gradient descent,

which compute gradients and change the weights and biases accordingly.
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Input1 X >

wi

X w2

|nput 2 Y 0utput

]
;
Input3  Xn

Figure (2) Artificial Neural Network Diagram.

Three layers make up an artificial neural network in its entirety. Figure

(3) represents the layers of ANN:

Input Layer
Hidden Layer 1
Hidden Layer 2

Output Layer

Figure (3) The Layers of ANN

1.Input: The input data, which can be either a vector or a matrix, is sent
into the input layer of the neural network. Each input is given a numerical

value, which is subsequently sent to the layer below.
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models in clinical practice, as well as to test and optimize them on larger and

more varied datasets.

3. Artificial Neural Networks (ANNs)

A branch of artificial intelligence that draws inspiration from biology
and is based on brain modeling is known as artificial neural networks.
Generally speaking, an artificial neural network is a computer network that
is modeled after the biological neural networks that give the human brain
its structure. Artificial neural networks have neurons that are connected to
one another at different layers of the network, just as neurons in a real brain.
We refer to these neurons as nodes. Figure (1) display the biological neural

network.

Figure (1) Display the Biological Neural Network.
In artificial neural networks, dendrites from biological neural networks
stand in for inputs, cell nuclei for nodes, synapses for weights, and axes for

outputs. Figure (2) shows the Artificial Neural Network Diagram.
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Ithas been claimed that artificialintelligence (Al) can predict gestational
diabetes mellitus (GDM) using medical information have been proposed
(Watanabe, et a/,2023). In (Wu., et a/.,, 2021) suggested Accurate methods
for early gestational diabetes mellitus (GDM) (during the first trimester of
pregnancy) prediction in Chinese and other populations are lacking.

Constructed by the authors (Malhotra, et a/., 2020) to predict GDM
risk using factors such as age, BMI, family history of diabetes, and glucose
tolerance test results. The methodology shown encouraging results in
identifying women at risk of developing GDM, allowing early treatments,
and improving monitoring. Based on maternal features, clinical data, and
laboratory test results, an ANN model was developed to predict GDM risk.
The approach identified women at high risk of developing GDM with excellent
accuracy, allowing for prompt interventions and improved care as proposed
by (Li, et al., 2019). Another study used an ANN model to predict GDM risk
using a mix of demographic, clinical, and biochemical variables (Wang, et
al.,, 2018). The approach performed well in identifying high-risk patients,
allowing for early interventions to prevent or treat GDM. An ANN model
was. Furthermore, an ANN model was used in a study by (Yildirim, et al,,
2017) to predict GDM risk based on clinical and demographic characteristics.
The approach identified women at high risk of GDM with excellent accuracy,
allowing for prompt interventions and individualized care.

Overall, these results demonstrate the ability of artificial neural
networks to forecast the risk of gestational diabetes throughout the first
trimester of pregnancy. ANNs improve prediction accuracy and allow
customized therapy by integrating many risk factors and biomarkers. Further

research is needed to ascertain the feasibility and effectiveness of the ANN
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pregnant women. As input factors, maternal age, body mass index (BMI),
diabetes family history, and glucose tolerance test results will be examined.

The model can estimate the risk of acquiring GDM by learning
complicated patterns and correlations among the input variables using the
power of ANNs. This can help healthcare practitioners identify high-risk
patients and undertake early treatments such as lifestyle changes, dietary
adjustments, and blood glucose monitoring.

Early identification of gestational diabetes has the potential to enhance
maternal and fetal outcomes, minimize problems during pregnancy and
childbirth, and improve long-term health for both mother and child. Early
identification of at-risk patients can also result in more effective healthcare
resource allocation and focused treatments.

The use of artificial neural networks in the early identification of
gestational diabetes offers enormous promise for improving mother and
fetal health outcomes. The ANN model can give early detection of patients at
high risk of developing GDM by utilizing data from numerous risk factors and
biomarkers, allowing for prompt interventions and individualized therapy. To
confirm the model's dependability and usefulness in clinical practice, more
study and validation of its performance on vast and diverse datasets are

required.

2- Related Work

Several researches have looked at the uses of artificial neural networks
(ANNs) for early pregnancy risk detection of gestational diabetes. This
research has shown that ANNs have the ability to predict the possibility of

developing GDM and help in early intervention:
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1- Introduction

Gestational diabetes mellitus (GDM) is a frequent pregnancy condition
characterized by high blood glucose levels. It is harmful to both the mother
and the developing fetus (Chiefari, et al, 2017). Early identification and
management of GDM are critical for avoiding negative effects. Depending
on the intended usage and mix of Al algorithms, diagnostic technology
employing artificial intelligence (Al) for iliness assessments has demonstrated
performance comparable to that of physicians (Weinert, 2010). These
outcomes are the consequence of the use of various distinct types of Al
algorithms. Deep learning, for example, is excellent for unstructured data
(such as photos or sound data) (Ding, et al., 2012). Deep learning provides
a wide range of training models for picture, natural language, and audio
data. Grinstein et a/, on the other hand, revealed that they are inferior to
decision tree-based models for tabular data (Sletner, et a/., 2017). This study
examined other methodologies due to issues with the model's and results'
interpretability. Artificial neural networks (ANNs) have gained popularity
in recent years as a possible tool for risk identification and prediction in a
variety of medical applications.

The purpose of this research is to investigate the usage of an artificial
neural network model for early identification of gestational diabetes in early
pregnancy. The algorithm tries to forecast the chance of acquiring GDM and
give early treatments to at-risk patients by assessing numerous risk variables
and biomarkers.

The proposed ANN model will be trained using a dataset that includes

clinical and demographic data, as well as laboratory test results from
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Abstract
Early prediction of gestational diabetes mellitus (GDM) risk is particularly
important because it may enable more effective interventions and reduce
cumulative maternal and fetal injury. The aim of this study is to develop
machine learning (ML) models for early prediction of GDM using widely
available variables, facilitating early intervention, and enabling the application
of prediction models in settings where more complex tests are not accessible.
In this paper, an artificial neural network (ANN) was used to detect
the risk of gestational diabetes. A global data set was used to collect clinical
and experimental data from pregnant women and people with diabetes
in Iraqgi Kurdistan. The data set used in this study includes records from
3,525 pregnancies. Twelve different deep learning models and their hyper-
parameters are optimized to achieve early and high prediction performance
for GDM. The data augmentation method was used in training to improve
the prediction results, as 70% of the data was trained and 30% was tested.
Preliminary processing of this data was performed and missing values were
removed. | identified the relevant features, then used the ANN model and
trained it with a suitable AP structure and trained it using the training set. The
model was evaluated using a healthy validation set to evaluate its performance
in detecting pregnancy risk. Over-control was conducted to improve the model
performance. Finally, the improved ANN model using the test set to evaluate
its ability to predict the risk of gestational diabetes in early pregnancy. The
results of this study provide insight into the effectiveness of using ANN for
risk detection and contribute to the development of early pregnancy-specific
strategies for diabetes, with the system's accuracy reaching 100%.
Keywords: Gestational Diabetes, Pregnancy; Artificial Neural Network

(ANN) and Deep Learning.
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However, since it's possible that there might be noise during
transmission, we reduce this uncertainty by overlooking the possibility that
this data would be needed to pre-process the image. Images were improved
using a number of methods before deep learning. Eight levels were chosen
to achieve the best results when the image was once again fed into the
system from the CNN layers to retrieve the attributes. After that, CNN levels
were used to classify the data with high accuracy by category. The system
has undergone 70% training and 30% testing, and the results show that it
has a 95.4762% accuracy rate with little room for error and misclassification

error is 0.0452%.
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Table 3: Comparison with Related Work

Ref. Method Dataset Accuracy
Ebell, M. H. Decision trees, logistic regression, Open Access Series | 88.88%
etal., random forests, support vector of Imaging Studies
machines (OASIS) dataset
Karnik, S. et | Sequential model, conv2D, Kaggle dataset 87.59%
al., maxPooling2D, dense layers
Perluigi, M. Support vector regression, 331 people's Mean balanced test
etal., tree regression, bagging-based resting-state accuracy: 85.27%
ensemble regression, 3D functional magnetic
convolutional neural network resonance imaging
(CNN), and linear least square (rs-fMRI) scans
regression (LLSR)
Our method | Using CNN and VGG16 RMI alzahimer 95.4762%
dataset

6- Conclusion

Al is being utilized more and more in image-based diagnostics, risk
management, and illness detection. It still need a few technological and practical
solutions to realize its full potential. We used CNN deep learning methods to
construct a more accurate model, which has a little improvement in accuracy
while addressing photo recognition challenges, considering the severity of the
disease's spread in this study. It will, however, increase the difficulty of the
model. Training will take longer, and there will be a higher chance of overfitting.

To simplify the model, more organizational elements need to be
included. Here, we simply label the CNN as half if the patient has a mild
nodule rather than mild, moderate, extremely mild, or non-in Demented in
order to extract a feature from the CNN layer. There are other formulations

and extraction techniques to research.
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unnecessary when the dataset is class-balanced. In our case, as shown in the
Figure (11) the F1-score is exactly matching the accuracy rate value which is

normal for our balanced dataset.

Evaluation parameters

Mistake rate
Accurcy
Class 3

Class 2

Class 1

Class 0
0% 20% 40% 60% 80% 100%

M Precision M 1-Precision mRecall 1-Recall WF1-Score

Figurell. Evaluation Parameters

3- Comparison with Related Work
In this paragraph, previous studies are compared with our work in

terms of algorithms, data set, and accuracy ratio (Table 3).
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Training Set
" TARGET
g Class0 Class1 Class2 Class3 sum
OUTPUT
2007 66 13 18 2104
Clessy 23.8929% 0.7857% 0.1548% 0.2143% 95.3897%
4.6103%
51 2004 53 033 2141
ElasS 0.6071% 23.8571% 0.6310% 0.3929% 93.6011%
6.3989%
24 17 2003 43 2087
Class2 0.2857% 0.2024% 23.8452% 0.5119% 95.9751%
4.0249%
18 13 31 2006 2068
ElassS 0.2143% 0.1548% 0.3690% 23.8810% 97.0019%
2.9981%
2100 2100 2100 2100 8020 f 8400
&L 95.5714% 95.4286% 95.3810% 95.5238% 95.4762%
4.4286% 4.5714% 4.6190% 4.4762% 4.5238%

Figure 10: Confusion Matrix

C. Confusion Matrix

As mentioned in the Figure (10), the images are distributed equally
between the four classes and these classes are numbered from class 0 to class
3. Python also can include some simulations to visualize the performance of
our model. One simulation is a confusion matrix that shows the number of
correctly and incorrectly classified disease. Figure (10) shows the result of
our simulation applied to validation images of each class, this matrix can
help to identify which class are most easily confused and can be used to

improve the performance of the model.

D. Other evaluation metrics
other evaluation metrics could be important to evaluate our

classification model, here, we will compute them to demonstrate that are
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B. Training Progress Plot

1. Training and Validation Losses: The subplot displays training
and validation losses over epochs, aiming to minimize training and
validation losses while avoiding overfitting, based on the error
between predicted and actual classes.

2. Training and Validation Accuracy: The subplot displays training
and validation accuracy over epochs, with a typically decreased
learning rate to ensure a good solution convergence.

Figure (9) shows our proposed classification model is convergent,

accurate, and decreasing in learning rate over epochs, indicating low training

and validation losses.

— training
Model Loss =0 validation Model Accuracy
1.6 4 1.0
1.4 - \
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Figure 9: Training Progress Plot
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because of the low rate of learning, but it finally converges. A faster pace
of learning encourages learning even though it might not converge. Usually,
it is suggested to take your time studying. The number of periods indicates
how many times the entire training set is transmitted to the network during
training. The accuracy of the micro-batch reported during training has a
positive correlation with the accuracy of the micro-batch stated at the given
iteration. Iteratively generated averages do not represent running averages.
The method splits the entire data set into several small groups while using
momentum training and random gradient descent (SGDM). For each small
batch, network gradients are computed during iteration. Every imaginable
little impulse that might be felt has a time component. Even if the error is
estimated for each image in the training dataset, the model is not changed

until all training images have been examined.

A. Accuracy and Loss Metrics

Depending on the conditions at the time we train the model, the
accuracy and loss in the validation data model may change. In general,
accuracy should increase with age and loss should decrease. Validation loss
keeps going down as validation accuracy starts to go up. Additionally, this is
wonderful since it demonstrates how the model is evolving and performing
as expected. Table (2) shows that 95.4% of Demented illnesses can be

correctly identified.
Table 2: Accuracy of Demented diseases

Epoch 10 (final iteration of epoch) /10 (max of epoch)
8020/8400 [=] - 220s 11ms/step - loss: 0.0065 - accuracy: 0.954762%
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TP
©) Recall% = =

x 100

Recallis a useful metric for evaluating the performance of a classification

system.

D. Fl1-score

F1 score is another metric that indicate the accuracy of a model, which
combine the recall rate and the precision rate of this model. The accuracy
metric can be reliable only if the classes are balanced, which means that each
class has the same number of samples, as in our case here. Real datasets are
often imbalanced which makes this metric necessary.

The precision and the recall rate made a trade-off, for us ideally, we
need to increase both recall and precision to classify perfectly the images. F1-
score is the rate responsible of combining these two metrics, so maximizing
F1-score leads to maximize both recall and precision rate. To calculate F1-
score we use the harmonic means of both mentioned metrics, and we can

use the following formula:
2 X Recall x Precision

F1-— =
(10) score Recall + Precision

2. Evaluation Results

Use standard metrics to determine an item's performance value.
The factors known as hyper-parameters have an impact on the network's
architecture and training process. The learning rate affects how quickly

network parameters may be modified. The learning process slows down
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TP+TN

Acc% = x 100

TP+TN+FP+FN

(7)

Accuracy is a useful metric for evaluating the overall performance of
a classification system, but it can be misleading if the class distribution is
imbalanced (e.g. if there are many more samples from one speaker than
from another). In this case, it may be more useful to look at other metrics

such as F1-score.

B. Precision

This is the percentage of images that are correctly classified by the
system with respect to the total number of images detected as normal,
which indicate the correct “positive” predictions. Precision is a metric used
to evaluate the performance of any classification system. To calculate the

precision, we can use the following formula:

Precision% = ——— x 100

(8) TP+FP

Precision is a useful metric for evaluating the overall performance of our
classification network, but also it can be misleading if the class distribution

is imbalanced

C. Recall

This is the percentage of images that are correctly classified as normal
with respect to the total number of images labelled as normal, which indicate
the percentage of “positive” class correctly identified. Recall is a metric used
to evaluate the performance of any classification system. To calculate recall,

we can use the following formula:
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8. Loss Function Layer
The loss function calculates the error of each trading epoch, crucial for
weight update during backpropagation, illustrating the discrepancy between

predicted output and real label.

5. Experimental Results

The MATLAB simulation on Alzheimer classifier demonstrates the
effectiveness of CNN architecture for early detection of Alzheimer illnesses. The
system can be trained and evaluated on a large dataset, achieving high accuracy
in identifying the disease. This project explores deep learning's potential in
biomedical applications, highlighting the importance of data pre-processing and

feature extraction in developing effective Alzheimer classifying systems.

1. Evaluation Metrics

This section outlines the metrics used to evaluate the performance of
a classification network, including accuracy, precision, recall, and F1-score.
The parameters include True Positive (TP), True Negative (TN), False Positive
(FP), and False Negative (FN). These metrics ensure the system accurately

identifies diseases in images, ensuring accurate disease detection.

A. Accuracy

This is the percentage of images that are correctly classified by the
system. It is calculated as the number of correctly classified samples divided
by the total number of samples. Accuracy isacommon metric used to evaluate
the performance of any classification network. To calculate accuracy, we can

use the following formula:
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6. Fully Connected Layer

A feature vector is a crucial input data from previous convolutional
layers used in training for classification, allowing hidden layers to predict
class likelihood. As shown in Figure (7).
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Figure (7) FC Layer

7. Softmax Layer
The Softmax layer assigns a probability value between 0and 1, indicating
a high likelihood for a candidate class while reducing the probability of other
classes. As shown in Figure (8).
SOFTMAX LAYER
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Figure (8) Software Layer.
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Figure (5) Max Pooling Layer.

5.RleU Layer
The layer removes extraneous elements from a feature map by
overlaying a specified dimension mask, ensuring the largest value under the

mask is the result.as shown in Figure (6).
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Figure (6) RleU Layer
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3. Batch Normalization Layer (BN)
This layer reduces network initialization sensitivity by reducing channel
numbers and normalizing activation before relocating input. It's used

alongside convolutional and RleU layers.as shown in Figure (4).

BATCH NORMALIZATION LAYER (BN)
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Figure (4) Batch Normalization Layer.

4. Max Pooling Layer
The layer removes unwanted features by applying a mask over the
feature map, ensuring the largest value falls inside the mask at each stride.

As shown in Figure (5).
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4VGG16 CNN Model
The system uses a VGG-16 convolutional neural network with 41 layers,
including 16 learnable layers, 13 convolution layers, and 3 fully connected
layers. It applies sliding filters, performs threshold operations, down-
samples, and multiplies input by weight matrix and bias vector.
1. Input Layer
The image dimensions are 28 x 28 x 1, with three colour channels,
and no data shuffle is needed for the Demented disease layer due
to the train network's initial processing.
2. Convolutional Layer
The feature map is created through dot product multiplication and
weight slide mask, which is randomly generated and adjusted

through BN, Pooling, and RleU Layers. As shown in Figure (3).
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Figure (3) Convolutional Layer

\E125 /



‘ Al-Esraa University College Journal for Engineering Sciences Vol.(5), No.(8)-2023

Figure (2) Sample of MRIS Datasets of Demented Disease

.2 Data Augmentation
The augmented image data-store applies random transformations to
images in the mini-batch of training data, without changing the actual number

of images at each epoch. Random rotation, reflection, and translation are used.

3. Data Pre-processing

The images in the dataset need to be preprocessed before they can be
used to train the network. This involves steps such as resizing the images,
normalizing the pixel values, and removing noise.

Resizing: The images in the dataset need to be resized to a common
size 28x28x1.

Normalizing: The pixel valuesin the images may need to be normalized.
This means that the pixel values are all scaled to a range of 0 to 1.

Removing noise: The images in the dataset may contain noise, it will

be removed using a Medem filter.
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Table (1) Alzheimers-dataset-4-class-of-images

Total Images | Training Images | Validation Images
Class Number Class type
of Dataset 70% 30%
Class 0 Non-Demented 7000 4900 2100
Class 1 Mild Demented 7000 4900 2100
Class 2 Moderate Demented 7000 4900 2100
Class 3 Very Mild Demented 7000 4900 2100

1- Standard Dataset

The data comprises MRI images from four classes in both training and
testing sets: Mild Demented, Moderate Demented, Non Demented, and
Very Mild Demented. The dataset aims to create a highly accurate model for
predicting Alzheimer's stage, available at https://www.kaggle.com/datasets/

tourist55/alzheimers-dataset-4-class-of-images. As shown in Figure (2).
Mild Demented

VeryMild Demented
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Dataset Data Augmentation
Alzheimer

Preprocessing data

Invalid

Figure (1) Proposal Method

A. Data Collection

To start the process of creating an image classification network, the
initial task is to gather a dataset of images that will be utilized for training
the network. This step holds significant importance in the overall process.
There are various methods to obtain data for image classification, and one
approach is to utilize online resources. In this specific case, the dataset was
obtained from the Kaggle Standard website and is referred to as "alzheimers-
dataset-4-class-of-images". This dataset comprises four classes, with each
class containing a total of 7000 labeled images. For the purpose of training
and validation, the dataset will be split into 70% for training and 30% for

validation. As shown in Table (1)
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that the output of the Ith layer is obtained by forwarding propagation. The

model performs well on the training data but poorly on new data.

e) Activation Function Layer

Neurons in a neural network have activating activities, which alter the
received input to maintain values within a tolerable range. These functions
are non-linear and constantly differentiable, allowing for efficient error back-
propagation across the network. The nonlinearity of the neural network
allows it to be used as a global approximation.

The neuron's interior:

e Aneuronorthe entire neural layer receives the activation function.

e Theinput values' weighted total is added.

e The weighted total of the input values is applied to the activation

function, and the transformation happens.

¢ Thisaltered value is passed on to the next tier (Liu, Ryan Wen, et a/,,2023):

sigmoid: Filx)=

-

1+e~ 4

tanh: Fxy= ei —e”

e’ +e ° 5

RelU: Fi(x)= max(0.x), 6

4. the proposed method

MRI is the data set utilized in half of the process. An MRI dataset
has images for mild, moderate, and severe Demented disease, whereas a
dataset with medical records is utilized to predict dementia. The process for
identifying An Demented patient using deep learning techniques is shown in

Figure (1).
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decreases the features' accuracy. Consequently, instead of removing each
and every item, we provide an overview of all the data discovered when we

aggregate a picture.

c) Fully Connected Layer(FC)

This layer connects neurons between levels and also includes of
weights and biases. These layers come before the output layer in the CNN
architecture. The FC layer receives the input picture from the preceding
layers and flattens it. To allow arithmetic function operations, more FC layers

are stacked on top of the flat vector. The process of categorizing now begins.

d) Dropout
The basic idea behind dropout is to continuously train on different
networks, losing a portion of the neurons in the hidden layer each time,
which weakens the connections between the neurons. The Dropout Strategy
Is Included in the Calculation Method for Redirecting Diffusion from Equation
(1) to Equation (2) and (3).
Y —Bemolli (p)
xp = A2 X =+ b
When every feature is connected to the FC layer, overfitting occurs
often in the training dataset. Equation (3) shows that each value in the vector
(1) or-is a Bernoulli distribution with probability p to generate values of 0
and 1, meaning that each layer of the model blocks is part of the 1lix- input
vector from the first layer | through the vector (1) LR—, which approximates

the subnetwork model taken from the overall network model. This means
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corners, and lines. XT-level layers are used to extract the extachigher level
characteristics from the input picture. According to Balodi, et a/., (2021),

equation (2) displays the layer equation.
xt=c(al+*a°) (2)

The set activations generated by the feature map are denoted by al,
the input activations by a0, the activation function by w, the bias by b, and
the convolution process by *. The kernel's width and height are less than
those of the input picture. As it advances over the picture, the kernel builds a
feature map (convolve with). The outcome of multiplying the original picture

by the kernel element is convolution.

b) Pooling Layers

This layer reduces neural network instability and computational
complexity (NN). The assembly method is often used by beginners who
are unaware of its purpose. A comparison of three typical, daily assembly
techniques is shown below.

The three types of aggregating operations that follow are:

Maximum pooling: The batch's maximum pixel value is stated.

establishes the minimum pixel value for the batch using min pooling.

Average pooling: An average is calculated between the batch's pixel
values.

In this context, "batch" refers to a collection of pixels that match the
filter's size, which is determined by the image's dimensions. A 9x9 filter was
used in the example that follows. The result of the aggregation process is
impacted by the variable value of the filter size. Consequently, the feature

maps have a large number of convolutional layers. The pooling layer
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the network for a single iteration inside an epoch. The batch size controls
how many I/O pairs are shown on the network at any one time. Iterations
are the number of batches required to finish a project in a single time frame

(zhang, et al.,2019).

VI. Cost Function

This technique is used to provide network performance feedback.
This is a deep learning-related trait that the network is attempting to
eliminate. An optimizer is needed to reduce the functionality of the network
cost. In this instance, the optimal option is the Adaptive Moment Estimation
Optimizer, or ADAM Optimizer. Rather than using the conventional random
gradient descent approach, ADAM is an optimization methodology that may
be used to recursively update network weights depending on training data

(Ahmadlou, et al.,2018).

B. CNN Layers
A CNN is composed of many layers. The important levels are explained

in the subsections that follow.:

Convolution Layer

The convolution procedure learns the properties of the picture and
extracts features while preserving the spatial relationship between the
image's pixels by applying a filter (kernel) to the input data. The core of a
convolutional neural network is the convolution layer. performs a wrap
operation on the supplied picture. It's used to get the properties of the

picture. The first convolution layer extracts low-level features like edges,
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Ill. Image Features

A picture's borders, lines, areas of interest, and other characteristics
may reveal alot about its content. They are used in a number of image analysis
applications, including as matching, identification, and reconstruction, to

characterize certain regions of an image (Mehmood, et a/.,2021).

IV. Zero Padding

To ensure that every convolution stage can preserve the original input
size, zero padding is the technique of appending zeros to the input image's
matrix. There are two different kinds of padding. The first, called genuine,
claims that the convolutional layer is never padded at all and that, as a result,
the input size is lost. The second kind is similar in that it uses padding to
convolve the original input picture until it does. This results in the identical
sizes for the input and output. In there is no padding. In short, our input's
volume indicates how much padding our kernels need to handle the input
matrices. We have two options for padding: either add one row or column on
each side of zero matrices (zero padding) or remove the part of the picture

that does not fit (valid padding) (Boualouache, et al.,2018).

V. Batch Size, Iterations and Epoch

In machine learning, for example, batch sizes, iterations, and epochs
all become important when working with enormous volumes of data. In
order to get beyond this obstacle, we must divide the input into manageable
chunks and feed it into our model in real time, modifying the neural network
weights at the end of each step to better suit the data. An epoch is the period

of time the network will keep evaluating data. The full dataset is used to train
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I. CNN Input layer

The input layer encompasses all of CNN's data. Typically, in an image
processing neural network, the input is the pixel matrix of the picture. The
dimensions of the grayscale picture can be used to determine the size of the

input image (Ravi, et a/.,2023).

Il. Convolution Operation

The convolutional layer extracts picture features, identifying basic visual
elements like edges, lines, and corners. It generates feature activation maps
by applying a convolution kernel to the preceding layer.The convolutional
layer extracts picture features, identifying basic visual elements like edges,
lines, and corners. It generates feature activation maps by applying a

convolution kernel to the preceding layer.

X =f[Zu X *‘K§+b})} ')

The kernel, a scaled-down version of the original, is arranged in a
specific order, modified during training to align with the neural network's
weights, and convolution combines two functions.

The image's kernel moves from left to right, and the convolutional
process starts in the upper-left corner. The kernel moves one item downhill
and then turns back to the left when it reaches the upper-right corner of
the picture. This operation is continued until the kernel reaches the input
image's bottom-right corner. The feature map is the outcome of this method
(Mahendran, et a/.,2021). The stride variable controls how quickly the filter
scans the picture. The filter will only move one pixel across the picture if the

stride is set to one.
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A. Convolutional Neural Network (CNN)

Convolutional neural networks are a kind of deep learning that
operates by extracting features from image and video data, building neural
networks by allocating weights, and selecting and classifying images via filter
transformations. CNN s the first tool that every data scientist will use to handle
any image or video processing data. The transfer learning methodology is
quite simple to use and adapt when using our layers. The most prominent
use for CNNs, a particular kind of directed neural network, is in computer
vision problems. CNN provides answers to a variety of Al and computer vision
issues. Because at least one of the layers in convolution acts as a foundation
step, the technology is known as "convolutional neural networks." The CNN
is made up of several levels between the input and output layers. Layers
include convolutional, pooling, and fully connected layers. Depending on the
application, different CNN designs use different numbers and types of layers
(Ebrahim, et a/.,2020). CNN layers may have tens of thousands of filters that
go through the input and look at every channel.

Sequential To extract more abstract characteristics, CNN layers are
used. Beginning with edges and corners in the early levels, work your way up
to whole faces and artifacts in the deeper layers. During training, the network
learns which features need to be eliminated in order to provide a solution.
Due to its flexibility in solving a wide range of computer vision issues, CNN
does not need human labor or sophisticated expertise for feature building
(Dubois, et al.,2020).

The following subsections describe several terminology and jargon

related to CNN:
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During the 1950s, when artificial intelligence was still in its infancy,
researchers attempted to develop a system that could interpret visual input.
The field that this research was conducted in later years grew to be known
as computer vision. Computer vision took a quantum leap in 2012 when a
group of academics from the University of Toronto developed an Al model
that considerably surpassed the top picture recognition algorithms.

Withanincredible accuracy rate of 85%, the artificial intelligence system
known as AlexNet—named after its principal creator, Alex Krizhevsky—won
the 2012 ImageNet computer vision competition. The runner-up received a
commendable 74 percent on the exam. AlexNet used convolutional neural
networks, a kind of neural network that mimics human vision. Since CNNs
have become an essential component of many computer vision applications,
they are now included in all online computer vision training courses. Let's
now look into how CNNs function. Artificial neural networks (ANNs), a kind
of machine learning called deep learning, are systems that use vast amounts
of data to learn by modeling the structure of the human brain. For example,
machine learning makes it possible for computers to grow and learn from
their experiences without the need for human interaction. A deep learning
algorithm will repeat a job and improve the result each time by making
small tweaks, much as how it learns from experience. Deep learning neural
networks are neural networks that include several (deep) layers for learning.
Through deep learning, any issue that requires "thinking" may be taught to
be solved. Through the utilization of large, unorganized, and interconnected
data sets, deep learning empowers computers to address complex (Ebrahim,

et al.,2020).
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layers, conv2D, maxPooling2D, and a sequential model. A 4-class dataset
has been utilized in this work to diagnose Demented disease, according to
the Kaggle dataset. The Demented MRI dataset has been used to classify the
disease as non-demented, moderately demented, mildly demented, and very
mildly demented, in that order. have been presented (Perluigi, et al.,2024).
Evaluate a state-of-the-art deep learning method for diagnosing Demented
disease (AD) and collaboratively predict the MMSE scores of AD patients in
South Korea. Using resting-state functional magnetic resonance imaging
(rs-fMRI) scans of 331 people, we generated functional 3-dimensional (3-D)
independent component spatial maps to be used as features in classification
and regression tasks. A three-dimensional convolutional neural network
(CNN) architecture was developed for the classification task. Support vector
regression, bagging-based ensemble regression, tree regression employing
group independent component analysis (gICA) features, and linear least square
regression were the techniques employed to predict MMSE scores (LLSR). To
improve MMSE regression performance, we employed feature optimization
methods such support vector machine-based recursive feature reduction, least
absolute shrinkage and selection operator, and so forth (SYM-RFE). The average

balanced examination have been presented(Mattsson-Carlgren, et a/.,2024)

3. Deep Learning

Because deep learning can handle large amounts of data, it has become
a particularly important technology in the last several decades. Hidden
layers have recently attracted attention in fields such as pattern recognition
where traditional techniques have failed. Convolutional neural networks are

a common kind of deep neural networks (CNN).
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2. Literature Review

The variety of studies on Demented disease that have been utilized in
this paragraph:

Because disease-modifying medications are most effective when
begun early in the course of the illness, before permanent brain damage
develops, early symptom identification, or "pre-detection," is crucial.
Consequently, using automated techniques to predict AD symptoms from
such data is crucial. The system was built using the Open Access Series of
Imaging Studies (OASIS) dataset. The data was analysed and then used in
many machine learning models. Support vector machines, random forests,
logistic regression, and decision trees were employed in the prediction
process. The SVM beats all other neural networks with an accuracy of 88.88,
the only exception being a manually controlled neural network that needs
a significantly longer training time. have been present (Ebell, et al.,2024)
Diagnosed and classified using thick layers, conv2D, maxPooling2D, and a
sequential model. A 4-class dataset has been utilized in this work to diagnose
Demented disease, according to the Kaggle dataset. The Demented MRI
dataset has been used to classify the disease as non-demented, moderately
demented, mildly demented, and very mildly demented, in that order.
Diagnosed and classified using thick layers, conv2D, maxPooling2D, and a
sequential model. A 4-class dataset has been utilized in this work to diagnose
Demented disease, according to the Kaggle dataset. The Demented MRI
dataset has been used to classify the disease as non-demented, moderately
demented, mildly demented, and very mildly demented, in that order have

been presented (Karnik, et al.,2024). Diagnosed and classified using thick
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Using image zoning methods is another way to diagnose Demented
disease. For this, several image partitioning techniques are used, such as
thresholding, clustering, machine learning, and deep learning. For image
zoning and illness detection, statistical techniques are frequently employed
because thresholding techniques like Otsu are incapable of learning .
Even though these techniques might not work by themselves, they might
work well in combination with other strategies. Although they can't learn,
clustering techniques like k-means and fuzzy clustering are good in identifying
and classifying zones (Rogeau, et al.,2024) Accurately calculating the right
number of clusters is the difficult part since mistakes might happen if this
is done incorrectly. If the cluster centers are not accurately established,
another problem with clustering algorithms is the lack of accuracy in the
clustering region. In order to overcome these obstacles, several research
have optimized cluster center selection by using group intelligence and
meta-heuristic algorithms. Although this enhances clustering techniques,
uncertainty may lead to longer execution times and a decreased ability to
consistently identify illness sites.

Deep learning techniques, on the other hand, have been effective in
medical image zoning research. They are frequently utilized in this context
because they provide great accuracy in data analysis. The problem with
these approaches is that they rely on long-term learning for zoning. Using
group intelligence techniques to improve learning can be a useful tactic to
solve this (Tsoi, et a/,2023) It is crucial to remember that machine learning
technigues are more constrained than deep learning techniques, and they

do not have an automated feature selection process (Akan, et al.,2024).
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1- Introduction
A neurodegenerative condition that mostly affects the elderly is

Demented disease. Timely intervention and efficient management of
Demented disease depend on an early and precise diagnosis. Techniques
utilizing artificial intelligence (Al) have demonstrated significant promise in
aiding medical practitioners in the diagnosis of Demented disease. Through
the application of Al algorithms and machine learning models, scientists are
creating novel methods for identifying and forecasting the start of Demented
disease in older adults (Arafa, et al., 2024) One of the most prevalent causes
of cognitive deterioration in the elderly is Demented disease. The stage
between normal cognitive functioning and dementia known as mild cognitive
impairment(MCl)hasayearly progressionrateof 10to 15 percentto Demented
disease (Borchert, et al.,2023), Even though there isn't a conclusive medical
diagnosis or therapy for MCI at this time, there are certain strategies that
can assist delay its progression(Bucholc, et a/.,,2023). Impeding the disease's
course requires an early and precise medical diagnosis (Lyall, et a/.,2023)To
evaluate maze function, several techniques have been developed, including
as transcranial magnetic stimulation (TMS), near-infrared spectroscopy
(NIRS), magnetoencephalography (MEG), electroencephalography (EEG),
positron emission tomography (PET), and functional magnetic resonance
imaging (fMRI) (Tsoi, et al.,2023) These methods aid in the diagnosis of brain
tumors and problems in maze adaptations, as well as the identification of
neural activity and disease's physiological impacts. While fMRI generally
looks at maze performance without taking its structure into account, resting
state fMRI (RS-fMRI) is especially helpful in evaluating the physiological

consequences of the condition (Ford, et al.,2023).
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Abstract

— Inadditionto possible other symptoms, memorylossandimpairment
are the hallmarks of Demented or alzahimar disease (AD). Despite the fact
that Demented disease is incurable and has a significant negative impact
on patients' lives, an early diagnosis can help start the right treatment
and prevent additional brain damage. Over the years, machine learning
techniques have been used to classify AD; nevertheless, the efficacy of the
results depends on the use of multi-step classifiers and manually created
features. Thanks to recent advances in deep learning, patterns may now be
classified using neural networks' final stage.

In order to diagnose Demented disease early, convolutional neural
networks (CNN, VGG16) were utilized in conjunction with magnetic resonance
imaging to extract features from images of individuals with the condition
and classify them. This research focuses on this process (MRI). Gray and
white matter MRI image slices were employed as inputs for categorization.
The output of deep learning classifiers was combined using group learning
techniques to enhance classification after convolutional operations. We
assessed the usefulness of our approach in the early detection of this illness
with a collection of data from the Demented Disease Neuroimaging Initiative.
Our accuracy rate for Demented disease evaluations was 95.4762%.

Keywords- Demented disease, Deep learning, CNN, Al.
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Special Concrete Ordinary Concrete

Costly Cost-effective

High strength and durability under aggressive
Low durability and strength
conditions

High technique The formal method to produce the special

concretes

Made from special admixtures and other
Made from natural resources
materials

Used in constructing power plants, nuclear
Used in typical construction works.
plants, and radiation protection structures.

Used less water/cement ratio and

superplasticizer.

Used 0.4 to 0.55 water/cement ratio

Conclusions

The construction industry is increasingly recognizing the potential of
special concretes due to their distinct characteristics. Nevertheless, due to
the high cost of the mechanism, extensive research is required to facilitate
its broader implementation. Specialized concrete materials are extensively
utilized in developed countries, where cost is not a primary consideration.
In the context of underdeveloped and developing countries, this factor
holds significant importance. In the context of large industries, the primary
concern for utilizing these products is their durability rather than their
cost-effectiveness. In addition, it is prudent to utilize specialized variants
of concrete that possess altered characteristics capable of mitigating the
limitations inherent in conventional concrete. These types of structures
would be advantageous in regions susceptible to earthquakes. Implementing
specialized concrete could increase the safety of residential facilities due

to its improved characteristics.
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10- Polymer impregnated concretes
- lrrigation structures applications,
- Bridge decks surface impregnation,
- Underwater and marine applications,
- Structural members,
- Nuclear power plants
- Wastewater disposal works
- Ferro cement products impregnation
- Waterproofing of structures

- Industrial Use (https://www.engineeringenotes.com).

11- Self compacting concrete
- Repairing and retrofitting constructions
- Raft and pile foundations construction
- Drilled shafts
- Complex reinforcement distributions Structures
- Earth retaining systems construction

- Columns (Natsoulis,2019).

12- Green concrete
- construction of bridges
- widely used in the construction industry.
- building construction.

- ltcanbeusedinthe construction of roads (Waghmere, et al.,2021).
Table 1: Comparision of special and ordinary concretes
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The increased utilization of this substance has the potential to unveil

numerous novel prospects in engineering, microbiology, and construction.

In addition to cost savings, potential benefits of implementing the approach

above include the ability to experiment with novel designs, enhanced

structural durability, and long-term cost reduction (https://buildoft.com.au).

7- Colored concrete

For finishing exterior surfaces, flooring, window sill slabs, stair treads,

and similar applications are used regarding decorative art and using stones

in casting processes (https;//www.civilgiant.com).

8- Ferrocement concrete

Implementation of planks as a substitute for expensive wooden
planks in housing projects.,

Construction of watercraft,

Boxes of electrical and water meters Used in

Rural areas for low-cost housing,

Construction sewage utility hole covers,

Some industrial and residential buildings (https://happho.com).

9- Glass fibre reinforced concrete

Drainage and waterworks,

Building renovation works,

Tunnel lining panels and bridge,
Architectural cladding

Construction permanent formwork,

Screens and acoustic barriers ( https://the constructor.org).

E102



A Review: Special Types of Concrete Used in Structures '

construction of various infrastructure projects such as bridges, hydropower

structures, and pavements.

4- Sprayed concrete

Sprayed concrete has numerous applications and uses, such as
constructing curved structures like domes, shell roofs, tunnel linings, and
free-formed facilities like climbing walls and swimming pools. It is also
utilized in underground construction, retaining walls, and piled wall facings.
Additionally, sprayed concrete is frequently employed for the fire protection

of steelwork and to strengthen and repair existing structures (ACI,2008).

5- Water resistant concrete

Waterproof concrete is highly suitable for underground applications
that require impermeability and numerous expansive above-ground edifices
that could profit from its ability to endure water. For instance:

- Underground parking,

- Flood-prone building areas/those with high rain levels,

- High water table areas,

- High-rise buildings,

- Basements(https;//totalconcrete.co.uk).

6- Self-healing bacterial concrete / Bioconcrete
Bio-concrete exhibits versatility in various contexts. The adaptable
nature of Bacillus microorganisms renders them suitable for employment in

various forms of infrastructure, such as buildings, tunnels, and bridges.
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1- Light weight concrete

Screeds and walls that need nailing to secure timber,

Thickening and screeds for common use, particularly when they
add weight to roofs, floors, and other structural members,

Roof insulation for heat.

Casting structural steel as a building covering or as a fire and
corrosion-resistant material.

External structures of small homes and surfaces rendered,
Building partition and panel walls in frame structures,

Water pipe insulation,

General wall insulation

Fixing bricks to accept joinery nails, primarily in residential or
domestic-style buildings,

Furthermore, it is currently employed in constructing reinforced

concrete structures( https://theconstructor.org).

2- High workability concrete

Inaccessible locations,
Underwater applications,
Over distances concrete pumping,

Large flat areas (ACI,2008).

3- Ultra-high-strength concrete

Ultra-high-strength concrete has been widely utilized in civil engineering

owing to its exceptional characteristics, including remarkable strength and

excellent durability. High-performance concrete has been utilized in the
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sand, and water, and adding chemical admixtures such as superplasticizer

and mineral admixtures such as silica fume and fly ash.

12- Green concrete

Green concrete refers to concrete that has been recycled from
environmentally safe sources. Green concrete is made using as many recycled
resources as possible. The benefits of green concrete over traditional
concrete were examined by Agarwal (Agerwal & Gerg, 2018). Using recycled
aggregates and materials lessens the load on landfills and reduces aggregate
waste. The net CO2 emission is therefore decreased. Recycling materials also
significantly boosts the economy. Since it is environmentally benign, green
concrete may be a crucial component of sustainable development. In green
construction methods, green concrete is often employed.

The production of green concrete involves the utilization of waste
materials to partially or entirely substitute cement, fine aggregate, or coarse
aggregate. The utilized waste materials include recycled concrete aggregate,
recycled demolition waste aggregate, glass aggregate, manufactured sand,

blast furnace slag, and fly ash.

Application of special types of concrete

The utilization of special concrete in construction enhances the durability of
the structure in comparison to regular concrete, owing to the observance of specific
conditions during the preparation process. Specialized concrete formulations
are well-suited for severe weather conditions and can endure challenging
environmental conditions. Special concretes exhibit low-heat properties. The

following is a list of the applications of different special concrete types.
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10- Polymer impregnated concrete

PIC(Polymer-impregnated concrete) referstoatype of precastand cured
hydrated cement concrete subjected to impregnation with a low-viscosity
monomer.. This composite material has undergone significant development
and is known for its superior structural and durability properties, making it
the most advanced. Notably, the essential enhancements to these properties
have been achieved through PIC.

The study involved the production of concrete-polymer composites
through the impregnation of sand-cement mortar with various polymers
such as polystyrene, polyacrylonitrile and, polymethylmethacrylate, as well
as copolymers, including styrene-methylmethacrylate, styrene-acrylonitrile,
styrene-butyl methacrylate, styrene-butyl acrylate, methyl methacrylate-
butyl acrylate, methyl methacrylate-ethyl acrylate, polystyrene crosslinked
with divinyl benzene, and styrene-acrylonitrile crosslinked with divinyl

benzene (Maiti & Kirtania,1986).

11- Self compacting concrete

Self-compacting concrete (SCC) is a novel type that eliminates the
need for vibration during placement and compaction. The material can
self-flow under its gravitational force, occupying the entire formwork and
attaining complete compaction, even in densely packed reinforcement. The
inception of SCC was initially introduced by Okamura in 1986, followed by
the prototype’s development by Ozawa at the University of Tokyo in 1988 (
Nagamoto & Ozawa,1997).

Self-compacting concrete is produced by mixing cement with

aggregates of size (1-20) mm, well-graded cubical or rounded aggregates,
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8- Ferrocement concrete

A hydraulic cement mortar-reinforced matrix with numerous layers of
closely spaced, continuous, and comparatively thin wire meshis characteristic
of the reinforced concrete called ferro cement. According to ACI (2006), the
mesh may be made from metal or other materials (ACI,2006).

Ferrocement is a construction methodology that involves the
application of reinforced mortar or plaster (comprising cement or lime,
water, and sand) over an “armature” consisting of woven, metal mesh, metal

fibers, or expanded metal, and closely spaced thin steel rods like rebar.

9- Glass fibre reinforced concrete

GFRC is a variety of concrete that is reinforced with glass fibers. The
item above is commonly referred to as “glass fiber reinforced concrete,” or
GRC, in British English to as “glass fiber reinforced concrete,” or GRC, in British
English. Glass fiber reinforced concrete (GFRC) finds its primary application
in the construction of exterior building facade panels and as architectural
precast concrete. Glass fibers (GF) were used as reinforcement for mortar
and concrete in 1931(Gorski, et al., 2018). The process of creating them
involves the extraction of molten glass through spherical holes, followed by
the formation of approximately 200—240 individual fibers through stranding,
and ultimately culminating in the segmentation of these fibers into smaller
portions (Zych, 2010) . Glass fiber, a byproduct of the glass manufacturing
industry, is disposed of in substantial amounts. The utilization of said fibers
has the potential to enhance the mechanical performance of concrete as
well as streamline the management of industrial waste, as evidenced by

previous research (Kumor & Baskar, 2014).
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Bioconcrete is generated through the combination of concrete
mixture with microorganisms. Due to the highly alkaline nature of concrete,
the selection of bacteria to be added must adhere to specific criteria. The
introduced microorganisms must possess the ability to endure the severe
ecological circumstances inherent to concrete. Concrete can be fortified with
diverse strains of aerobic bacteria, including Bacillus sphaericus, Bacillus

pasteurii, Bacillus subtilis, and Escherichia coli.

7- Colored concrete

Concrete can be colored through two primary methods. The initial
method involves the application of a dry pigment that is spread over the
surface of the concrete after its placement. The second method consists
of incorporating liquid or dry pigment into the concrete mixture before it
is poured. The hardened properties of colored concrete are comparable
to those of conventional concrete. From the 1970s onwards, color
regained significance in the constructed environment using paints and
other coating materials, resulting in the concealment of gray concrete
surfaces (Tietz, 2008) .

Nonetheless, sealing provides tangible advantages by protecting
against water damage and stains. Although not essential, applying a sealant
to colored concrete can enhance its longevity and mitigate surface dusting.

Colored concrete is made by adding colored pigment to the concrete
mixture. The main type of pigment used in coloring concrete is synthetic
iron oxide. These chemical compounds are commonly used to add natural,
earthy colors to concrete. New processes have allowed for more consistent

synthetic oxides to serve as pigments, but the effect is similar.
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5- Water resistant concrete

Concrete materials that exhibit water-resistant properties can prevent
water penetration and other liquids, regardless of whether they are situated
above or below the surface. These concretes with high density include cement
replacements consisting of fine particles. Formerly, waterproof concrete had
an external coating, integral mixing, and an external membrane. Additive
materials are used in concrete to reduce the water absorption rate (Okene,
et al.,2017).The composition under consideration is primarily comprised of
four elements, namely Portland cement or Kaolin in the range of 30 to 40%,
marble dust or silica sand in the range of 20 to 30%, lime in the range of 25
to 35%, and ground salt, alum stone, or calcium chloride in the range of 3 to
12%. The intended purpose of this composition is to provide waterproofing
and sealing properties. The powder, which has a texture similar to talcum, is

combined with water and utilized as a form of paint.

6- Self healing bacterial concrete / Bioconcrete

Bio-concrete can generate calcium carbonate (CaCO3) crystals that effectively
seal cracks that appear on the surface. As cracks emerge in the concrete edifice,
moisture infiltrates into the cracks. Upon exposure to water and oxygen, the
dormant bacteria undergo activation. The present study investigates the utilization
of diverse bacterial strains in the production of bio-concrete in comparison to
conventional concrete. According to the experiment’s findings, water infiltration
into concrete after developing cracks triggers the reactivation of previously
dormant bacteria through metabolically mediated calcium carbonate precipitation.
This process ultimately enhances the strength of bio-concrete in comparison to

conventional concrete, as documented in reference (Bashir, et al.,, 2016).
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concrete ingredients. To produce ultra-high-strength concrete by controlling
the ingredients of concrete With an increase in cement content, reduce W/C
by using a superplasticizer, and add the additive material such as silica fume

to reach the high strength.

4- Sprayed concrete

Applying sprayed concrete involves using a nozzle to pump the concrete,
which is then consolidated by the effect of subsequent sprayed particles. The
process of wet-sprayed concrete consists of transferring pre-mixed concrete
from a hopper to a nozzle, where it is combined with compressed air and
an accelerator. Upon contact with the substrate, the wet mixture is sprayed
and undergoes flash-setting. This diverges from the traditional method of
applying concrete, wherein it is manually or mechanically pumped through
a pipe and subsequently consolidated under the influence of gravity, often
augmented by vibration or other compaction modes. According to Jolin, et
al.,(2014), the placement technique facilitates the application of sprayed
concrete in vertical or overhead areas, possesses irregular geometries, and
requires minimal or no formwork.

The process of sprayed concrete involves the conveyance of a blend
of aggregate and Portland cement through compressed air to the nozzle of a
spray gun, where water is added. Subsequently, the wet mixture spreads on the
designated surface and can be promptly carved or troweled with a trowel. The
optimal ratio of cement to aggregate is contingent upon the specific construction
methodology employed. The recommended weight ratio for cement to sand and
stone in dry spraying is between 1:4 and 1:4.5. For wet spraying. Maintaining a

weight ratio of 1:3.5 or 1:4.0 between cement, sand, and stone is recommended.
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The European and UK standards for concrete, namely BS EN 206
and BS 8500, provide directives on the appropriate level of workability
for various applications. Using cement replacement materials like fly
ash can significantly enhance concrete mixes’ handling and placement
characteristics. In addition, the utilization of admixtures, specifically water
reducers, and superplasticizers, has beneficial impacts on the workability of
concrete while maintaining the integrity of its other properties (https://www.
concretecentre.org). Several techniques can achieve concrete with enhanced
workability, such as elevating the water-to-cement ratio, incorporating larger
aggregate, and utilizing well-rounded and smooth aggregate instead of
irregularly shaped aggregate, elevating the duration and temperature of the

mixing process.

3- Ultra high strength concretes (UHSCs)

UHSCs are high-strength concrete (HSC) that have garnered attention as
a potentially transformative material in the concrete industry. Implementing
specialized production methods makes it feasible to produce concrete with a
compressive strength exceeding 1000 kg/cm3. Portland cement, fine sand or
quartz, silica fume, a water-reducing additive, and steel fibers are all listed as
ingredientsin this kind of concrete (Allena & Newtson, 2011). The widespread
accessibility of additives and admixtures like silica fume and water-reducing
admixture makes establishing concrete factories across the globe a viable
option for increasing the economic viability of ultra-high-strength concrete
(UHSC) (Du, et al.,, 2020 & Mousari, et al.,2019). Establishing an Ultimate
Heat Sink System (UHSC) is a crucial safety measure for nuclear reactors. The

production of ultra-high-strength concrete can be achieved by regulating
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Subsequently, the utilization of lightweight concrete has been extensively
disseminated in other nations, including the United States, Sweden, and the
United Kingdom.

It is suggested that structural lightweight concrete is expected to
demonstrate sufficient compressive strength and increased durability while
retaining a low density (ACT,2004 and ACI,2009). The modulus of elasticity
of lightweight concrete is relatively lower than that of conventional normal-
weight concrete. The creep and shrinkage properties exhibited by lightweight
concrete are slightly higher than those of ordinary concrete with equivalent
grades. Therefore, it is imperative to consider this aspect while designing the
structure (Topeu & Ugonoglu,2010).

There are three methods for the production of lightweight concrete.
These techniques are:

a- Utilizing lightweight stones ( pumice, porcelanite, limestone).

b- Replacing fine aggregate with gravel of 20 mm maximum size.

c- Applying gas to the concrete to create “gas concrete.”

2- High workability concrete

High-workability Concrete is utilized in scenarios with constraints on
the amount of vibration that can be applied, especially when a void filling
is required. By utilizing an appropriate mix design, it is possible to attain
concrete with high workability without causing any substantial effects on
its mechanical characteristics, such as compressive strengths and shrinkage.
The adequacy of the workability of newly mixed concrete is crucial for its
intended use, as it directly affects the effectiveness of handling, placing, and

compaction processes.
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- Water-resistant concretes,

- Self-Healing bacterial concrete / bioconcrete,

- Colored concrete,

- Ferrocement concrete,

- Self-compacting concrete,

- Glass Fibre Reinforced Concrete, and

- Green concrete.

In addition, the current review looks at special concrete applications

and the difference between ordinary and special concrete.

Special types of concrete and Ingredients

In contemporary times, the evaluation criteria for construction
materials have expanded beyond the conventional 28-day compressive
strength, owing to the prevalence of concrete in the built environment. In
addition to its physical strength and durability, concrete may possess other
desirable properties relevant to a particular project. Below are the special

types of concretes.

1- Light weight concrete

According to the BS EN 206-1 standard, lightweight concrete is
characterized by a density range of 800 kg/m3 to 2000 kg/m3 when dense
natural aggregates are substituted with lightweight aggregates, either
partially or entirely. The utilization of pumice as an aggregate in construction
dates back to the second century, when the Romans introduced this
technique during the construction of the Pantheon (Samidi,1997). Pumice

was the most prevalent type of aggregate employed during that specific year.
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Introduction

Concrete is a composite material composed of cement, sand, and
coarse aggregate combined with water to form a microcontent. The structural
integrity is contingent upon the characteristics of the concrete employed.
Typically, the concrete produced on-site or through ready-mix concrete
(RMC) is deemed appropriate for general construction applications within
standard localities and environmental circumstances.

When specialized facilities such as power plants, offshore structures,
docks, or aerodromes are required, a unique type of concrete possessing
a specific set of properties is necessary. Each of these special structures is
essential for survival in hostile environments, including but not limited to
sulfate, chemical, acid, chloride, and other surface-related attacks. Special
concrete refers to a type of concrete that is specifically designed to withstand
particular aggressive conditions or situations. This objective can be achieved
by modifying the fundamental constituents, the production methodology,
or a fusion of both. The mixture proportion will deviate from conventional
concrete and incorporate distinct constituents to endure the harshness for
which it is designed.

The present review endeavors to examine various categories of
specialized concrete, encompassing:

- High-workability concretes,

- Lightweight concretes,

- Sprayed concretes,

- Ultra-high-strength concretes,

- Polymer impregnated concretes,
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Abstract

The term “specia

I”

possesses inherent significance and is utilized in this context
to denote the distinctive attributes characteristic of concrete. The term “special”
connotes enhanced strength, durability, and solidity in concrete. The production of
specialized concrete involves the incorporation of distinct components via specific
procedures following specific criteria. Specialized concrete is required to construct
unique structures such as power plants, offshore buildings, docks, and airports. Each
of these unique structures is essential for survival in harsh conditions, including sulfate,
chemical, acid, and chloride attacks, as well as other surface characteristics. Concrete is
a versatile material that exhibits good compressive strength and can be tailored to meet
specific requirements such as lightweight, high density, fire protection, and radiation
shielding. However, the material exhibits several limitations, such as inadequate
tensile strength, susceptibility to liquid permeation, reinforcement corrosion,
vulnerability to chemical degradation, and suboptimal durability. Cement concrete has
undergone various modifications over time to address its drawbacks. Advancements
in material and construction technology have brought about notable changes, leading
to enhanced functionality and increased affordability, thus expanding the scope of
application. The current review delineated 12 different kinds of specialized concrete
and comprehensively elucidated each type. The current review also addressed the
practical implementation of these types in building and construction. Ultimately, it is
advisable to employ specialized variants of concrete that have undergone modifications
to address the limitations of traditional concrete. Implementing structures composed
of specialized concrete material would yield superior outcomes in regions susceptible
to seismic activity. Implementing specialized concrete can enhance the safety of
residential facilities owing to its special characteristics.

Keywords: Special concrete, Lightweight concrete, Glass fibre reinforced

concrete,Green concret and High strength.
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A new generation of young architects in the twenty-first century is
trying to confront many of the challenges that have emerged in
consumer and capitalist civilization, in addition to environmental
and technological challenges, which requires them to develop
their work continuously to meet the problems of the changing
world, in light of the givens of the present and in connection with
the roots of the past to draw a better picture for the future.
Environmental challenges constitute one of the most prominent
aspects taken into consideration by young architects in the twenty-
first century, which have been dealt with according to varying positions
and approaches that reflect their multiple generational units in line
with the economic and social requirements of this century, which
require excellence and entrepreneurship within collective and
individual practices, to include conservative young architects
(traditional and cautious) and modern young architects (innovative
and inventive), who seek to preserve and improve the environment
within sustainable practices to form an image of a better future.

The necessity of young architects today engaging in many
development courses, to advance their skills and experience in a
way that keeps pace with the rapid development of technology
and the increasing environmental, social and economic challenges,
within a trend that advances lifelong learning. They must also not
be satisfied with the requirements of the present, meet the needs,
and raise the ceiling of ambition to create Advanced and
sophisticated architecture, which serves to form an imprint for

their future generation.
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balance for the sustainability of the colony, and proposing the idea
of a circular economy, in addition to complete self-sufficiency in
the colony’s energy and internal resources, as shown in Figure (16)

(Al-Sayyari, 2022), Thus, to be within the entrepreneurial

generational unit of young modern architects inventor.

Fig. 14: Convention Fig. 15: The Fab Tree Fig. 16: Space Cities by architect
Center, Kuwait, 2018, Hab, by architect Samer Al-Sayyari (Tretiack, 2021)
architect Melike Mitchell Joachim https://digitalfutures.
Altinisik (Joachim, 2017). international/space-habitats/

5- Conclusions and Recommendations
e The roles of young architects varied in shaping the future of
architecture, to come in the form of positions and approaches that
define the entrepreneurial generational units, both conservative and
modern. Thus, conservatives extrapolate the future from the past
within a traditional approach, in addition to extrapolating the future
into the actual present within a Fabian approach, while the modern
ones extrapolate the future from the present extending within an
Adoptive, Imitative approach, along with both creating and colonizing
the future through foresight through strategic planning within an
innovative approach, and creating the invisible future through

foresight imaginative projection within an inventive approach.
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interconnected and stable and designed with computer technology
(CNC). The interior walls are made of traditional clay and plaster. A
method of weaving tree branches together to form a mesh
composition or living screens was adopted, and the walls and ceiling
are interspersed with pockets of soil and growing plants so that this
building is sustainable in terms of recycling waste and using
rainwater to improve the lifestyle to return the favor to nature
instead of exploiting it. The assumed lifespan of the building is also
longer than standard structures of those built with brick and
concrete, as shown in Figure (15) (Joachim, 2017; https://www.
archinode.com/), Thus, to be withinthe entrepreneurial generational
unit of Young modern architects innovator.

Architect Samer Al-Sayyari: He is an Egyptian architect who has
won many local and international awards, including the French
Jacques Rogery Foundation International Award for Innovation
and Architecture in Space. He proposed the idea of designing
space colonies and cities on the Moon and Mars to be a station for
human expansion beyond the Earth’s scope to discover space. The
design ideas relied on combining the heritage of the past with the
technology of the present. His design for a colony on the moon
was inspired by traditional Arab oases and how ancient desert
urban communities succeeded in surviving despite difficult climatic
conditions. Beginnings are always similar to a new beginning for
the human race in a new environment, and the moon oasis was
redesigned using parametric design and 3D printing technology

using robots, preparing the internal ecological and environmental
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to interpret the universality of science and technology within a
framework that includes the geography, history, and culture of the
place, and this is what she adopted in the design for the Kfas
Headquarters and Convention Center in Kuwait (2018). She considered
sunlight, sea climate, and strong natural elements to influence the main
character of the place, so liquid and natural forms of bubble-shaped
design were adopted instead of solid geometric shapes and
perpendicular shapes, taking into account the relationship between
sunlight and the roofs of buildings within features such as color, texture,
and perforations of foldable roofs, which create semantic links with
sunlight, sea, water, nature, and wind, exceeding the flexibility of
adapting to the requirements of construction and physics, as shown in
Figure  (14) (https://www.melikealtinisik.com/2-index/112-kfas-
headquarters-convention-center/), Thus, to be within the
entrepreneurial generational unit of young modern architects innovator.
e Architect Mitchell Joachim, an American architect and urban
designer, born in 1972, relies in most of his projects on innovative
ways to draw inspiration from living biological materials in both
manufacturing and design. One of his most prominent works is (The
Fab Tree Hab), which is a virtual ecological house developed at the
Massachusetts Institute of Technology, with Javier Arbona and Lara
Greeden, aiming to reduce the burden that humanity places on the
environment and create traditional housing by planting living,
breathing tree houses according to a renovation concept that takes
a new architectural form. It is built by allowing local trees to grow on

top of a plywood scaffold that is removable once the plants become
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and even social challenges, which can be considered to have an impact on
the future of architecture in general. Some of them will be reviewed to clarify
this aspect, according to the following:

e Architect Anna Heringer: She is a German architect, born in 1977,
and one of the advocates of sustainable architecture. In her
projects, she relies on building using natural materials such as clay
and bamboo. She has designed many prominent clay buildings,
such as in the design of the METI School in Bangladesh, and the
design of a guest house for the Center of alternative medicine
treatment using materials within the site’s assets and surroundings
in Rosenheim, Germany, for which she won the Aga Khan Award
for Architecture in 2007. Thus, to be within the entrepreneurial
generational unit of young traditional conservative architects.

Figures (12-13) illustrate these projects. (Anna-heringer,2008)

Fig. 13: School of Handicrafts, 2007, Bangladesh, architect Anna Heringer

https://www.archdaily.com/51664/handmade-school-anna-heringer-eike-roswag
Fig. 12: Treatment Center for Alternative Medicine, Germany, 2008, architect Anna Heringer
https://www.ashargbusiness.com/article/2657

e Architect Melike Altinisik, a Turkish architect who graduated from
Istanbul Technical University in 2003 and worked in Zaha Hadid’s office

and established her office in Istanbul in 2006. In her designs, she seeks
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Fig. 9: The floating school in Makoko, Nigeria,2012,NLE Architects Group
https://www.archdaily.com/tag/nle-architects

Fig.10: Residential complex, China,2012, YIN Tegnestue Architects Group
https://www.archdaily.com/212214/klong-toey-community-lantern-tyin-tegnestue-architects
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Fig. 11: Islamic Cultural Center, New York, 2013, architect Bora Koray (McKnigh, 2016).

4-2 Individual Young Architectural Practices
They are young, individual architectural practices with trends that are

compatible with the specifics of contemporary environmental, economic,
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with its context and has changed its surroundings into a safe and
pleasant area. Their design process involves healthy, detailed
conversations with users to understand their problems and needs and
to encourage community engagement. The architects believe in using
locally sourced and reused materials that serve the dual purpose of
being sustainable and creating a connection between the building and
residents, ascanbeseenin Figure (10), to representthe entrepreneurial
generational unit of Fabian young conservative architects.

Buro Koray Duman Company: It is the company of the young Turkish
architect Bora Koray Duman, born in 1978. He holds academic degrees
in both Turkey and the United States. He has a diverse perspective in
architecture, as he has a style in which he constantly challenges social
and political traditions. His company won the title of Best Emerging
Company at the A+ Awards for the year 2017 due to its future vision of
the role of the architect, along with the desire to break the restrictions
surrounding the profession. One of its most prominent works is the
design of the highly transparent Islamic Cultural Center (2013) in New
York, which aims to promote the coexistence of interfaith and cultural
exchange in that it is open and welcoming and aims to change the
image of Islam in the West from one of fear of the unknown to an
amazingly enjoyable image and to create transparency from the
outside to the inside by wrapping the building with a glass exterior and
covering the interior areas not with walls, but with semi-transparent
screens taking Islamic style, resembling a mashrabiya (McKnigh, 2016),
as shown in Figure (11), to represent the entrepreneurial generational

unit of innovator young modern architects.
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project in Makoko, a flood-prone area in Nigeria, as well as the
floating school in Venice, as both designs are appropriately adapted
to local conditions and are easy to assemble, which usually takes
(10) days as a maximum of four builders to assemble each of them,
as shown in Figure (9), to represent the entrepreneurial
generational unit of Fabian young conservative architects.

e YIN Tegnestue Architects Group: It is a group of Norwegian
graduates, Andreas Jjersen and Jashar Hannstad. They created this
company in 2008. Their goal was to provide realisticand immediate
solutions for people living in poor and underdeveloped countries
all over the world. They have life-changing projects in Thailand,
Burma, Haiti, and Uganda. Community engagement is a key
element of their design approach. As a result, local people actively
contribute to the design and construction processes, adopting
approaches to creatively reuse different objects in their structures.
This strategy was evident in their use of recycling materials in the
Klong Toey Community Lantern Complex, which is one of the
largest and oldest slum housing located in Bangkok, a typical
example of the efforts of young architects to address the contextual
problem of unemployment, crime, and drug abuse, due to its
design as a public playground. The building creates a visually open
and narrow linear form that allows its residents to make iterations
according to their requirements. The construction of the complex
took approximately three weeks, during which the team of
architects conducted workshops, interviews, and public meetings

with the residents of the community. The project works in parallel
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not follow traditional architectural design practice (Tan, 2015, p. 117).
Many collective architectural practices emerged, including young emerging
architectural companies or those individual practices with approaches that
fit the specificity of contemporary challenges that were able to make a global
impact through their work by seeking to change people’s lives, not change
the shape of the earth (Kathuria,2020).

Following the above, this research will review some of the architectural
practices of each oftheyoungarchitectsaged (22-35years) withinthe category
of graduates and professionals who deal primarily with environmental
and economic challenges in a way that is consistent with the scope of this
research to determine the nature of the entrepreneurial generational units
of each of them in shaping the future of architecture. It has been taken into

account that these practices come from several countries in the world.

4-1 Young Architectural Practices for Startups

They are young, collective architectural practices with trends that are
compatible with the specifics of contemporary environmental, economic,
and even social challenges, which can be considered to have an impact on
the future of architecture in general. Some of them will be reviewed to be
clarified according to each of the following aspects (Kathuria, 2020):

e NLE Architects Group: It is a group of young architects led by Kunlé
Adeyem aiming to improve social, economic, and environmental
conditions through their work. The company has entrepreneurial
projects in China, Korea, Italy, and Nigeria. Their main interest is to
address problems resulting from climate change and rapid urban

growth in coastal communities, including the floating school
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and as a generalization of the ideas of curved, spiral, and spherical shapes,
architectural electronic ideas, and comprehensive architectural ecology,
as well as experiments in the trends of mobile, kinetic, and transformative
architecture, and the design of interiors, furniture, and equipment in places
that can change their functions within a short period. The development of
ideas of “flexible architecture”, the creation of sculptural architecture, and
the use of effective materials, such as aluminum, plastic, and polymers, also
emerged. In addition to measures to eliminate existing differences between
the city and the village, and to propose ideas of infinity and continuity in
architecture (Proskuryakovand Bohdanova, 2020, P.111).

These ideas are compatible with all the challenges facing architecture,
and the attempt of the new generation of young architects to confront them
within consumer and capitalist civilization. The environmental challenge
emerges as the most necessary challenge, which requires young architects
to look at the broader picture of the future of the planet in light of the need
for a sustainable built environment, in addition to the difficulty of the young
architectural practice of this century because it involves a lot of competition,
with the presence of the institutional policies of the large major architectural
offices, and the difficulties of working for young architects, as well as the
impact of the forces of the economic crisis on the built environment, which
made small offices search for new types of practices.

Therefore, many young architects from different geographical regions
have started to form research-based groups, in which they interact with
communities to create customized experimental design tools, organize
exhibitions, run educational workshops, and many other different platforms

to actively share architectural knowledge in various fields, so that, it does
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The research investigates the specificity of young architects in the

21st century, which was characterized by the emergence of many young

architects’ ideas that were considered future ideas for architecture, in terms

of being a proposal for the ideas of cities and spatial suspended buildings,
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Thus, these young architects are looking forward to new architectural
ideas and values (that do not previously exist), inventing and creating new
products through exploring new materials, building techniques, and new
design methods to find ideal/utopian, untested, and unlimited architectural
products that are mysterious and unknown within the preferred possibility.

Based on all of the above, young architects can be identified as
entrepreneurial generational units that contribute to shaping the future of
architecture, according to the aspects shown in Table (1).

Table (1) Entrepreneurial Generational Units
for Young Architects and Shaping the Future.

Conservative young architects

Full commitment to the previous general and specific architectural

Traditional Reading ideas and values
young the future Repeating and copying previous material products, in whole or in
architects in the past part.
by relying Imitating previous design methods and techniques.
on the Others
- Familiarity
prevailing

Finding architectural | The tried and tested

short-range

I products within The real one
anticipatory
the acceptable Actual realism
possibility Near
Enough
Suitable

To achieve the present enjoyment

Other
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For example, but not limited to, the Archigram group in London
was formed by three young architects in the 1960s: Peter Cook, Warren
Chalk, and Ron Herron, who had recently graduated from architecture
schools with three more famous architects: Dennis Crompton, Michael
Webb, and David Greene, and they were joined by Theo Crosby, who
produced virtual projects as shown in Figure 8, to express its vision of
the future at that time. It addressed many architectural issues, including
anti-heroism, the promotion of consumerism, mass production, etc., as
a reaction to modernist architecture. The group drew a very unique
and dazzling, often comic-like vision of a glamorous future machine
age. They were inspired by technology and created visions of highly
flexible and mobile spaces or even city infrastructure that could move
from one environment to another in response to climate change. The
group shook the solid foundations of architectural modernism by boldly
promoting their unconventional ideas, as playful, pop-inspired visions
of a technocratic future dominated their projects, which was expressed

through virtual designs (Salder, 2005).

Fig. 8: Imaginative projects for future cities, Archigram

https://revistabifrontal.com/archigram-la-arquitectura-como-rebelion-nomada
Archigram
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approach of making decisions and exploring anticipatory alternatives for a future
that cannot be achieved in the present is not linked to repetitions and can be
imagined according to specific events and information to overcome potential
events and problems through inventing the new and not previously existing,
seeking to find architectural products that are among the preferred possibilities.

The inventive level in architecture is associated with breaking away
from the old, emphasizing the new, the strange, and the abnormal, with
creating absolute and violent change. The inventive level refers to penetrating
established laws, principles, or schools of thought to present new starting
points and ideas, and thus lead to the emergence of completely and radically
new principles, theories, or assumptions, which may cause a sharp and
dramatic break with the present and the past according to inflection and
turning points (Al-Qaraghuli, 2009).

The importance of deriving architectural form from non-temporal
formal principles emerges beyond specific environments, civilizations, and
designers, as some forms have a timeless aesthetic that transcends the
special circumstances of the design problem, the designer’s subjectivity, and
the prevailing culture (Al-Qaraghuli, 2009). The importance of exchanging
ideas among young people and guessing to anticipate how the world will
look in the future by rethinking and rebuilding it could be motivated by the
feelings and aspirations of young people for architecture, influenced by today
and looking forward to tomorrow. These ideas carry speculation and offer
promises that enable much improvement and refinement and prepare the
scene of architecture that changes and responds to new and different ways
of thinking. Young architects often question their inheritances and establish

new values, new methods, and new forms of practice (Sterk, et a/., 2009).
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of the conceptual ideas of the new trend as innovative and revolutionary in
shaping the architectural appearance. Their projects in that period related
mainly to industrial buildings, as it was a turning point in their work in
building design. One of their projects in 1966, Computer Factory (Reliance
Control), led to the establishment of high-tech trends (William, 1996).

Technological creativity for young architects lies in distinguishing the
difference between imagination and creativity, which is the ability to achieve
what you imagine. Creativity is distinguished from other forms of imagination.
For an architect to be creative, he requires that he possess the origin of an
idea, plan and study its feasibility, and the possibility of success if it is put into
practice. This contradicts imagination as a superior mental process that has
nothing to do with realistic or practical problems. The technology is considered
an essential element in creativity for all projects related to construction and
finding innovative solutions (Spiridonidis and Voyatzaki, 2010), as it achieves
the innovative level in architectural products and it achieves everything that is
unusual, uncommon, unfamiliar, and new (Al-Qaraghuli, 2009).

Thus, these young architects flexibly deal with ideas, architectural values,
and contemporary products by discovering contemporary building materials
and techniques that work to develop current design methods and techniques by
innovating and redirecting new and previously unknown architectural designideas,
values, products, and methods to create desired products that are unfamiliar, not

common, variable, and may be hidden within the preferred possibility.

3-2-2-3 Inventor Young Architects
In general, these young architects create a better, invisible future by

anticipating long-range imaginative projection. They work according to the
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alternatives for a better future to overcome potential events and problems
through innovations that are characterized by creativity and lead to a
transformation in the lifestyle to find architectural products that are within
the preferred possibility.

New (young) architectural practices were able to challenge building
standards and redefine specific levels of events through new roles for
architects whose expertise goes beyond the traditional field of the profession
and their pursuit of a proactive role through developing and acquiring new
skills and establishing new connections so that the architecture profession
moves with the times through insights and ideas critically into their added
value to the construction industry and being open to taking on new tasks
and responsibilities and changing existing tasks and responsibilities (Lieftink,
2018). The creativity in architecture represents a process of positive change,
innovative advancement, and effective development that aims to organize
the product. Therefore, change or new organization is a creative interaction,
and in this way, the architect has created something new or added a new
relationship to existence to be considered this type of engagement as
“creative work” (Al-Qaraghuli, 2009). Creativity is characterized by the
ability to perceive the world in new ways, find hidden patterns, establish
links between seemingly unrelated phenomena, and find solutions (Meyer
and Fourie, 2018).

For example, but not limited to, the two young architects Norman
Foster and Richard Rogers, along with their wives, established Team 4 in 1964
in England. This young team created a new style of architecture based on
advanced technology and became known as a company distinguished by its

engineering designs inspired by technology. Norman Foster formulated part
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The architect Hisham Munir is considered the pioneer of modernist
architecture in Irag, and his influence on Western architectural discourse is
evident in its early stages, as it was dominated by the character of modernity
with a global orientation (International Style), as in his design of the Ministry
of Commerce building in 1965, which shows his influence by the Boston
Municipal Building, as shown in the Figures (6-7) (Al Chalabi,2016)

Thus, this young architect attempts limited renewal of architectural
products and imitates modern design methods and styles after being open
to architectural ideas, values, and international design methods and styles.
Most of the time, he postpones the adoption of other future ideas, values,
and design methods to find useful, ideal, and rationally conscious products

within the preferred possibility.

Fig. 6: Boston Municipality 1963, in Fig7 .: Iragi Ministry of Commerce Building
Massachusetts / USA, Architects Office: 1965, by architect Hisham Munir
Kallman, McKinnell, and Knowles.

https://elaph.com/Web/Culture/2011/5/656803.html

3-2-2-2 Innovator Architectural Young
In general, these young architects create and colonize a better future
through foresight and proactive long-range strategic planning. They work

according to the approach of making decisions and exploring expected
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architecture in terms of architectural ideas and methods, which appeared in his
work, as he participated in designing and supervising the construction of the
Iraqi Pavilion in 1937 with the French architects Albert Laprade and Léon Bazin.

The building brought back to life one of the Seven Wonders of the
World, which is the Hanging Gardens of Babylon. The main mass mimics the
shapes of the buildings of Iraqi civilization city in terms of its cubic shape
and gradation. The entrance is guarded by two winged lions, and in the hall
of honor stands a miniature model of the city of Babylon in its middle, all
the way to the courtyard surrounded by columns, in the middle of which
there is a statue of Charlemagne as a reminder on receiving a gift that
was the first watch made in history, and it was one of the masterpieces of
technical products that were invented in Iraq at that time. As for his design
of the Olympic Club in Baghdad (1939), the building’s design responds
to the principle (less is more) proposed by Mies van de Roo in modernist
architecture, as the building is considered an important synthesis between
European models with a kind of adaptation to the local context, especially in
terms of taking into account the climatic conditions. The front facade with
its blocky curvature constitutes a distinctive urban element closely related to

the shape of the square, as shown in Figures (4-5) (Al Chalabi,2016).

Yot

Fig. 4 : Olympic Club 1939, Baghdad (architect Fig5 .: The 1937 Iraqi Exhibition
Ahmed Mukhtar). at Expo Paris 1937 (Ahmed
Mukhtar and others).
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trends that may sometimes reach innovation. This category can be classified

into the following:

3-2-2-1 Adoptive/Imitative Architectural young

This architect reads the future in the extended present through
medium-range forecasting, and works according to a systematic analysis of
the present data of successful innovations that have already begun and are
happening to others and have not reached us till now, but will arrive later, to
be adopted and imitated to formulate what the future will look like to find
architectural products within the preferred possibility.

The modernist influence on Iragi architecture in the first half of the
twentieth century is one of the most prominent examples that illustrate the
generally adopted and interactive position, which will be clarified, but not
limited to, as many architects (including young architects) adopted the modernist
approach as a frame of reference that refuses to look at heritage as thought,
which was reflected in many architectural works, as the idea of modernity
prevailed and had a strong resonance with the emergence of the industrial
revolution and its new secretions in architectural communities, as they called for
the necessity of liberation from historical patterns and stopping their repetition
and reproduction, with the aim of finding solutions for new functions that
historical patterns cannot accommodate and calling for investing in the machine,
openness to universal ideas and values, flexibility, adaptation to them within
limited innovation, and the adoption of modern design methods, as in the works
of the young architect Ahmed Mukhtar Ibrahim, who is considered one of the
makers of Iragi architecture in the thirties. He was distinguished by his style and

was strongly influenced by the products of European architecture and modernist
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(Lieftink, 2018). For example, the group (The New York Five), which consisted
of five young architects at the time: Peter Eisenman, Michael Graves, Charles
Gwathmey, John Hejduk, and Richard Meier, borrowed the works of the

modernist architect Le Corbusier while making some improving additions, as

this was evident in their design of several architectural works, as can be seen
in Figures (1-3) (Kwon, et al., 2016).

VALY, I U AR AR, WL

Fig.1: Eisenman House Fig. 2: Smith House 1966 Fig. 3: Gwathmey
1967 Richard Meier House, 1966
Peter Eisenman Charles Gwathmey

https://www.nytimes.com/2009/08/24/arts/design/24five.html
Thus, these young architects make a relative commitment to previous
architectural ideas and values (general and specific ones) and emulate and
resemble previous material products, partially or completely, as well as a
relative commitment to previous design methods and techniques, in addition
to the partial integration of what is contemporary to create improved,

liberated, and unique architectural products within the acceptable potential.

3-2-2 Modern Young Architects

The modern is everything that existed after it did not exist, and in
most cases, it is the opposite of the old. Thus, modern young architects seek
everything new and contemporary at the level of ideas, values, material

products, and design methods, within interactive, adaptive, and innovative
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Mamluk and Ottoman eras, which contributed to the construction of many
architectural products in a way that reflects the cultural heritage. According
to Hassan Fathi, instead of the feeling that human behavior is governed by
architectural space, it is rather a call for harmony and integration between
nature and industry, for technology to be subordinate to social traditions and
meet human needs. He was more interested in building communities than
constructing buildings, and he was a pioneer in providing models of buildings
that respect the traditions of places and take into account all aspects of life
(Steele, 2008).

Thus, this young architect fully adheres to previous architectural ideas
and values (general and specific ones) and replicates or even copies physical
architectural products in whole or in part, as well as imitating previous
design methods and techniques to create products that, although familiar,
tried, and true, are appropriate, sufficient, and currently enjoyable within

the possible acceptable.

3-2-1-2 Fabian Young Architects

These young architects read the future in the actual present through
the emerging expectations within the medium range, and work according
to the data of both the past and the present, to draw and formulate a
future based on somewhat new aspects resulting from repetitions to find
architectural products within the acceptable possibility.

Young architects imitate senior architects and pioneers (star architects)
in that values, ideas, concepts, and products are shared, analyzed, adapted,
changed, and made relevant to new contexts and problems. That is, they

imitate and borrow successful products and methods created by others
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3-2-1 Conservative Young Architects

The term conservative refers to everyone who adheres to traditions
and inherited social and political values, and as such they are committed to
a traditional nature, whether at the level of ideas and values or the level of
material products and design methods. Even their desire for development is
limited by a cautious approach in most cases. This category of Architects can

be classified into the following:

3-2-1-1 Traditional Young Architects

This young architect reads the future in the past through prevailing
anticipatory, which are used in daily life and as required by a need in the
short range, considering that history repeats itself in recurring phenomena
to find architectural products that are within the acceptable possibility.

Architects try to adopt the traditional roles of architecture and
accomplish the tasks and responsibilities associated with production, to be
consistent with the way of work that they were accustomed to in the past, to
provide positive results following previous projects, even if this weakens the
value of new experiences (Lieftink, 2018). Architects also adopt the traditional
design language, whether in restoration or the design of new buildings, as
traditions have proven of great importance in dealing with cities of a historical
nature, Hassan Fathi’s style is considered, in its beginnings, influenced by
the global trend due to his education, but soon his approach began to be
influenced by local architectural details, such as elements, building materials,
methods, and construction. He combined traditional structural elements,
which he derived from the sources of Nubian rural architecture built with

bricks and mud, and from ancient houses and palaces in Cairo, in both the
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3-2 The Role of Young Architects in Shaping the Future of Architecture

In general, the future of architecture is dealt with as being material
products that reflect values and ideas by adopting techniques and methods
for design. Architectural ideas and values in terms of the general intellectual
content, including ideas, concepts, dialectics, schools of thought, theories,
studies ...etc., and related to the thought of the individual (the designer), on
the one hand, interacting with the environment, cultural, civilizational, and
social environment, on the other hand, so that this content has a fundamental
role in the architectural vision, and the special architectural ideas and values
in terms of the intellectual content of the designer’s personality, linked to his
different previous works and opinions. (Al-Qaraghuli, 2009).

Design methods also refer to a set of procedures, techniques, or
auxiliary tools that designers use in the design process. They may be
traditional, such as drawing and manual design, modern ones that combine
traditional and new methods, or contemporary ones by adopting advanced
technologies such as virtual and augmented reality and artificial intelligence,
so that the architectural products will include all the material products that
reflect the system of public and private architectural ideas and values that
were created as a result of architectural design and composition.

Young architects contribute to shaping the future of architecture
in that they are entrepreneurial generational units following Manheim’s
propositions within generational theory and the Clarence Danhof model for
entrepreneurs, in a way that reflects their multiple positions and, trends,

which can be clarified in each of the following:
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Based on what Mannheim proposed in terms of the similar chronological
ages of the generation along with the mind of the generation, as well as the
classification of the biological ages of young people in general, it is possible to
determine the age phases of young architects according to both chronological
and cognitive age to include both young architects students of biological age
of (17-21 years), the early graduate (22-24 years), and the adult-professional
graduate (25-35 years), with various cognitive ages linked to different experiences
and knowledge. The adolescence stage has been neglected for young people
(14-17 years) because it is outside the academic field of architecture.

On the other hand, young architects are characterized by the traits
and characteristics of young people in general, being affected by all social,
historical, economic, and other factors, with a focus on environmental
and technological factors that constitute a large number of factors and are
considered challenges. (Hendry, 2015) (Adedapo, et al., 2017), so that they
can contribute to building the present and establishing the future through
their endeavor to redefine architectural work with new methods that respect
the historical and cultural context, but may go beyond the traditional and
establish innovative architectural works that contribute to improving society
and may lead to building a new identity (Williams, 2018) (Proskuryakov and
Bohdanova, 2020), and according to the relationship with senior expert
architects, as this relationship is formed at the academic and professional
levels through guidance, exchange of opinions and ideas, training, and working
with multiple generations in a way that serves the provision of support and
empowerment for young architects, which is reflected in the field of teaching,
learning, professional practice, and even in the multiple programs and plans

provided by institutions and organizations. (Boyle, et al., 2016).
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identified and a theoretical framework can be built by organizing knowledge
for both architectural studies and proposals and applied practices, according
to what was presented regarding young and shaping the future from outside

the field of architecture according to each of the following:

3-1 General Aspects of the Concept of Young Architects

Young architects represent an integrated, multi-faceted phenomenon
that contributes to the formation of architectural production and establishes
a better future, as they are an age group that refers beyond the biological
age of young people in general, and is determined according to professional
experience to include the emerging young architect, the novice, and the
practitioner compared to senior architects as experts (Adedapo, et al.,
2017), and the possibility of classifying them according to the stages they
go through within the academic field so that architecture students are the
emerging young group that is under supervision of senior architects to teach
them architectural knowledge according to methods that work to develop
awareness of their strengths and build their architectural personality with
the help of new technologies. The category of young architects includes
recent graduates and their capabilities to create innovative architecture
that respects the challenges of the era, including environmental design
(Spiridonidis, Voyatzaki, 2010). Architectural knowledge varies between the
skills and experiences of the architect, including academic experience, life
experiences, craftsmanship, acquired experiences, interests, hobbies, and
even his movements and travels, in addition to the architect’s self-reference

in terms of his previous products and opinions (Al-Qaraghuli, 2009).
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technology and methods that others have invented, so he faces
fewer risks, but he contributes to the growth of the culture of
projects and entrepreneurship and provides ample employment
opportunities for youth, hence heistreated as a factor for economic
development.

e Fabian: He imitates other innovations only if he is certain that not
doing so may harm his business. He is very skeptical in his approach
to adopting or innovating new technology in his organization. He is
not adaptable to the changing environment. He prefers to remain
in the current business using old production techniques, but he
adopts new technology only when he realizes that not adopting it
will lead to a significant loss.

e Drone: He is committed to the character of traditional businesses,
machines, or traditional work systems, where he feels comfortable
with old production technology even though the environment and

society have undergone major changes.

3- Theoretical Framework: Young Architects and Shaping
the Future of Architecture

The importance of young architects building the present of
architecture and establishing its future is highlighted in light of the multiple
social, economic, environmental, and technological challenges it faces,
and following the behaviors of confronting the surrounding circumstances,
making decisions, and assuming multiple roles, to advance and improve
the reality of both society and the environment, in addition to developing

business and enhancing practice. Professional aspects of this topic can be
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innovation and intellectual and practical development to be compatible with
new requirements and circumstances, and may reach the point of radical
intellectual change, thus renewing the relational perspective of generations
and society. Each generation also includes multiple generational units with
different intellectual and social responses to the same historical stimulus.
They may be conservative or progressive liberal so that one generation
includes more than one generational unit in a way that reflects the multiple
positions within that generation (Mannheim,1972).

On the other hand, the theoretical frameworks for entrepreneurship
explain many aspects related to promoting reforms and development in both
business and production patterns, which reach the point of revolutionizing
under changing conditions and requirements, and which are closely linked to
the youth category in many areas of life and what is known as entrepreneurs
in terms of their ability to find innovative ideas and multiple positions to
deal with the present and the future, within specific classifications The
Clarence Danhof model classification highlights entrepreneurs at the level of
readiness to find innovative ideas to include all of the following (Skoshi and
Majdal, 2019,).

e Innovator: He is interested in collecting information and providing
new groups of production factors that are characterized by
creativity. He presents new ideas, technology, product, or markets,
orcreatesneworganizations,inawaythatachievesatransformation
in the lifestyle.

e Adoptive/Imitative: He is the imitator because he adopts the
successfulinnovation presented by otherinnovative entrepreneurs,

so he establishes his project in the same way. He also imitates the
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find the ideal, conscious, and rational achievements of the
preferred possible (Woodman, 2011).

e Futuristicyoung: Itis based on reading the future, through foresight
and over long ranges relying on both strategic planning to colonize
the future in ranges of innovation, discovery, flexible dealing,
redirection, and development, to find the achievements of the
preferred possibility (variable, hidden, uncertain, and unknown),
in addition to adopting the imaginative projection of the invisible
future, in ranges of exploration, aspiration, and creativity to find
the achievements of the preferred possibility (imaginary, utopian,
untried, mysterious, unknown, and unlimited) (Woodman, 2011)

(Carabelli and Lyon, 2016) (United Nations, 2021).

2-4 Theoretical Frameworks Related to Young and Shaping the Future
There are many theories and theoretical frameworks related to the
concept of young and the specificity of their relationship in shaping the
future in general. Perhaps the most prominent of them is Mannheim’s theory
of generations, in which he explained many aspects related to generations,
especially youth, from the standpoint of sociology. The theory indicates
that a generation is a group of individuals of similar ages within the same
social, cultural, and historical context, and sharing the same experiences
and formative skills, according to what is called the mind of the generation,
which is determined by age and cognitive, and the position of the generation
within the social, cultural and historical context reflects the continuous
generational chain through interaction and friction between elder and

youth and the intermediate generation between them, which contributes to
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2-3 The Role of Young in Shaping the Future

Multiple studies and proposals have determined the position of young

people on shaping the future, according to their general trends regarding

the past, present, and future, as they are either traditional conservative or

liberal youth, contemporary modern young, or futuristic young, according to

each of the following:

Traditional conservative young: It is based on reading the future in
the past in short ranges through the prevailing expectation and
adopting repetition, total commitment, and even analogy and
imitation within the total reliance on previous values, ideas, and
methods, to find possible achievements that are acceptable in
terms of being familiar, tried, and true within the actual reality
that is close, sufficient, and appropriate, and that achieves present
pleasure (Fawcett, 2020).

Liberal conservative young: It is based on reading the future in the
actual present through emerging expectations in the medium
range, with relative reliance on previous values, ideas, and
methods, in addition to limited reliance on everything that exists
in the present, and relies on analogy, imitation, improvement,
liberation, uniqueness, and skepticism, to find acceptable potential
achievements. It is familiar, experienced from actual reality, and
sufficient, limited, and appropriate to achieve current enjoyment
(Fawcett,2020).

Contemporary modern young: It is based on reading the future in
the extended present, through prediction at a medium range, in

terms of postponement, openness, flexibility, and adaptation, to
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Human civilizations throughout history have been concerned with the
future, the possibilities of imagining and shaping it, and attempts to reveal it,
which varied in terms of their anticipatory and prediction orientations, from
ancient civilizations to the multiple orientations of the twentieth and twenty-
first centuries, which were concerned with participation and planning for the
future, so that the formation of the future is based on both anticipatory,
prediction and foresight which is, in reality, the specific propositions of each
of them. They are intertwined in their general aspects in terms of their
capabilities in both reading and creating the future. However, it is possible,
by relying on the aspects indicated by the conventional definitions of the
future, to determine the specificity of each of these concepts within the
levels of shaping the future and as follows:

e Reading the future through mainstream/emerging anticipatory
and/or prediction (Ace, 2018) (Jamal, 2003) (Al-Rawi, 2021), in
terms of the future being in the past (history repeating itself) and
the future being the present (perspective-visible) and with direct,
short, and medium ranges, relying on exploratory- intuitive
methods to reach future achievements within the possible
(acceptable and preferred), and the acceptable possibility.

e Creating the future through foresight (Al-Hindawi, et a/, 2017)
(Rossel, 2011) as it is an invisible future in the medium and long
ranges and by adopting various targeting methods based on
strategic planning and imaginative projection that may reach the
stage of colonizing the future and reaching future achievements

within the preferred possibility and preferred potential.
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Mukhtar, 2008) (Abu Al-Azm, 2013) (https://www.oxfordlearnersdictionaries.

com) (https://www.merriam-webster.com).

The future is a time that follows the present and is, from a
philosophical point of view, independent of place and generally
ranges between being real and not real, existing and not existing
eternally (Yadri, 2018). From a physical point of view, it is linked to
a place within space-time, in terms of the future being in the past
(history repeats itself), the present visible future, it has either
already begun but has not reached us yet or what happens to
others and its impact reaches us later, and the invisible future that
canbeimagined through specific events and information (Goudarszi,
2007) (Hindawi, et al., 2017), within immediate, short, medium,
and long periods (Belmuden, 2013).

The future is revealed as logical structures and imaginings of that
time that can be imagined from the data of the present through
exploratory (Intuitive) or targeted (Normative) methods, or both
within feedback model, which expresses human events and
achievements that may be within the possible and probable to a
basic degree, each of them could be acceptable or preferred, to
include the acceptable possibility, the preferred possibility, the
acceptable possibility, and the preferred possibility of all those
achievements, and what is related to the needs of the generations
(Sharara, et al., 2006) (Al-Naimi, 2012) (Al-Rawi, 2021).

The future is linked to several concepts, the most prominent of
which are planning, construction, reform, renaissance, renewal,

liberation, and so on (Gamal, 2003).
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growth, on the one hand, and mental-intellectual development, on the other
hand, within the stage of testing roles and identities in society, to include
both adolescence (14-17 years), young youth (17-20 years), early young (21-
24 years), and adult young (25-35) years, which is characterized by traits of
strength and energy in addition to revolutionary and emotional traits, and by
multiple characteristics, most notably creativity, interaction, development,
and transformation, which enable them to face many challenges that
constitute factors affecting them as a whole, such as economic, social,
cultural, political, environmental, and other factors, according to the
relationship with ancestors/elders and multiple generations, which is based
on support, empowerment, and development. (Tami, 2019) (Al-Omar, 2022)

(Erikson and Erik, 1977).

2 -2 Shaping the Future

Today, early thinking about what will come in the future has become
more important than ever due to the accelerating pace of technological and
social changes, so the past, present, and future are a cycle that is repeated
every day. What was present becomes the past, as the future is no longer
an imaginary image of a reality that has not yet been achieved, but an
understanding of the possibilities of the present. Therefore, studying and
understanding the future is studying the principles upon which the perception
of the future is based in any field of human knowledge (Bastawisi, 2007).

Linguistically, the concept of the future refers to the time that follows
the present. It is a time that has not yet arrived, but its arrival is inevitable. It
expresses a set of tomorrow’s events that can be imagined according to the

data of the present in a manner related to the needs of generations (Ahmed
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role as generational units in shaping the future of architecture. Secondly,
reviewing a group of contemporary study cases. Third, determining a set of

conclusions and recommendations.

2- Young and Shaping the Future / Outside the Field of Architecture:
In general, it is the responsibility of young people to build the
present and establish the future in terms of behaviors that confront the
surrounding circumstances, make decisions, and assume multiple roles, to
develop business and improve society following their interaction with social,
economic, environmental, and technological challenges. Aspects of this topic

can be identified in the following:

2-1 Introducing the Concept of Young

Linguistically, the concept of youth refers to the age group or stage
that represents the period that goes beyond childhood, and the realization
of puberty and has not reached the age of manhood. It is the early stage
of existence, the stage of development, an intermediate transitional stage
(crossroads), for a specific period, and is characterized by a group of traits
and characteristics such as novelty, young, sharpness, activity, freshness,
youthfulness, vigor, growth, movement, dynamism, ability, motivation,
presence, strength, advancement, heat, and they are responsible for
decision-making and behaviors in confronting the surrounding circumstances
(Ibrahim, 2004) (Al-Fayrouzabadi, 2005) (https://www.merriam-webster.
com/dictionary/young).

Technically, young has been defined as an age group with biological,

psychological, and social stages, linked to both organic and physiological
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consistent with the continuous change in the construction industry, as well
as the multiple levels of challenges faced by young architects, represented
by economic and health disturbances, the rapid technological development,
and cultural change, which determines the task of young architects to rely
on the past and try to control the future according to a building process that
lies at the heart of the human condition (Dickinson, 2021), and in a way
that enables young architectural practices to be invested with new realistic
and optimistic visions with joint independence for a basic dual material,
structural, intellectual, and cultural production that responds in a rational
and coherent way to the motives and needs of contemporary society. (New
generation,2020)

Itis clear from the above that interest in the youth group has increased
in various fields of life, including architecture, in a manner consistent with
the pursuit of investing their potential and energies in building the present
and shaping a better future following the overall challenges that abound in
the current reality. Even though architectural studies and proposals touch
on many aspects and dimensions related to young architects and shaping
the future of architecture, they did not provide a clear and comprehensive
objective vision, which constituted an incentive for this research. Youth
and shaping the future in general were addressed from outside the field
of architecture, first, to enrich the knowledge deficiency within the field
of architecture, by introducing both the concepts of youth and the future
to determine the role of youth in shaping the future according to a set
of theoretical frameworks, to build the theoretical framework for young
architects and shape the future of architecture in terms of identifying the

general aspects of the concept of young architects and their entrepreneurship
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It should be noted that the future of architecture is not guaranteed
and each architectural generation needs to be formed in the image of
advanced cultures, societies, and markets. The importance of the young
generation of architects is highlighted in creating architecture that is linked
to the culture of the place and reflects the values and traditions of the local
community to enhance the role of architecture as a common visual culture,
by adopting architectural styles and methods combine traditional methods
that represent approaches agreed upon over time for form and content with
advanced technological methods to enhance cultural familiarity, the human
experience, and collective memory in accordance with a constructive ethical
approach to the future of architecture that takes into account continuity and
preservation of urban and environmental heritage, in addition to renewal
within civic participation (Polyzoides, 2007), which necessitates exchanging
ideas with young people, and guessing and anticipating how the world will
look in the future by rethinking and rebuilding it, motivated by the youth’s
sense and ambitions for architecture, influenced by today’s circumstances
and looking forward to tomorrow. In addition to young architects' constant
questioningabouttheirinheritance, theseideas carryaset of speculationsand
offer promises to improve a lot, refine and prepare the scene of architecture
that changes and responds to new and different ways of thinking, so that
young architects thus establish new values, methods, and forms of practice,
and formulate architectural discourse following technological, social and
environmental visions, starting from the smallest technical process to its
highest intellectual levels (Sterk, 2009), in addition to interest in continuing
the relationship between young people and adults in terms of the role of

architecture schools in educating and training young architects in a manner
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of this emerging industry within a future vision based on a qualitative reading
of products with the potential to express multiple values through positions or
approaches available to architects at any age, including young people (Phineas,
2015). Young architects live in a changing reality, so they struggle to survive.
This did not prevent them from moving forward with enthusiasm, as they
broke the constraints of the architecture industry and many young archit*ects
emerged, bringing new winds to the traditional architectural culture (Chen
and Dai, 2020,), to highlight the importance of young architects understanding
continuous change, which requires meeting human needs through creativity
and innovation, and it is among the most difficult tasks of architecture, which
requires that young architects have artistic talent and compositional skills, and
possess imagination and taste to be able to create unique products capable of
making a difference (Wagner,1990).

At present, several questions arise about what are the important
challenges of the future that architects, especially young people, face, and
the nature of the important future, as there are many factors affecting
young architects in terms of economic and technological factors, the most
prominent of which are the paths through which young architects define
their roles. Some of them adopt the traditional approach in adopting previous
architectural ideas, methods and styles. Some of them adopt a flexible
approach that combines tradition with everything new. Some adopt an
approach that goes beyond the traditional by developing methods that move
with time to create innovative architectural products that achieve Openness
and renewal, as well as the importance of enhancing knowledge and skills
and adopting modern technological means within the entrepreneurial path
(Lieftink, et al., 2018).
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1- Introduction

Youth represent human wealth, an important resource, a pivotal tool
for development and the workforce, creative production capacity, and the
target goal of development programs and plans. They are also considered
the standard by which the degree of success, achievement, or failure of
any development experience is measured). Youth embody the future, as
a committed representative with qualities such as hope, the possibility of
remaking decisions, or starting in a better situation, in a way that contributes
to transforming or advancing society (Bartels, et al., 2015).

It should be noted that the United Nations has paid attention to the
youth category since the sixties of the last century. The United Nations
General Assembly, in its resolution 2037 (D-20), issued a declaration on
the participation of youth as representatives of peace, mutual respect,
and understanding among peoples. Many countries have also placed youth
issues on their agenda of priorities as a group targeted by economic and
social policies. They issued national reports on human development and
youth as an important energy in the labor (United Nations Report, 2018)
(Rezij, 2017), in addition to recognizing the civil, political, economic, social,
and cultural rights of young people and the importance of enabling young
people to acquire the knowledge, attitudes, skills, and behaviors necessary
to reach adulthood (Kimberly, 2008).

This applies to the field of architecture, as architecture is changing fast,
with a rhythm similar to what is happening in fashion, in addition to being
characterized by dynamic and viral participation, which has required architects

in general, and emerging ones in particular, to bear the social consequences
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Abstract

Youth are the pillar of nations and the secret of their renaissance, the
builders of their civilization and the line of defense, the main participants in
basic planning processes, and the agents of change to build a world that is
compatible with the aspirations of future generations. Thisapplies to the field of
architecture in terms of the importance of young architects in shaping it under
the challenges it faces, which impose interaction in a manner commensurate
with the emerging requirements and needs. This research is based on the
consideration that young architects are an integrated phenomenon that
contributes to shaping architectural production according to the data of the
present and even the past, in a way that establishes a better future through
their entrepreneurship role. Many architectural studies and proposals have
touched on several aspects related to this topic, but they were not able to
provide a clear and comprehensive knowledge vision., which constituted an
incentive to conduct this research, in terms of its endeavor to provide the
most comprehensive and clear knowledge of the entrepreneurship role
played by young architects in shaping the future of architecture, in general,
and what is related to the contemporary period, in particular. Achieving this
goal necessitated adopting the descriptive approach in analyzing previous
knowledge from inside and outside the field of architecture regarding young
and the future and the relationship between them, to build a theoretical
framework through which the role of young architects can be investigated in
the contemporary period, which is witnessing many different challenges and
transformations through reviewing several case studies.

Keywords: Young, Future, Young architects, Generational units and

Entrepreneurship
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percentage to increase the compressive strength, while a higher
percentage may cause a reduction of it. Additionally, the increase
in compressive strength of only cement concrete is more than the
concrete containing silica fume or metakaolin to replace a part of
cement.

The tensile and flexural strength, ductility, and toughness improve
with increasing the basalt fiber content. However, the higher
content may cause the fibers to lose their forms due to their
flexibility. Generally, the higher the content of basalt fiber, up to
1.5 %, the higher the tensile and flexural strength. Beyond 1.5 %,
the increment of strength may be lower.

The presence of basalt fiber in reinforced concrete beams delays
the appearance of cracks, increases the number of micro cracks,
and increases the beam's ability to bear loads.

In UHPC, the ratio of silica fume to cement affects the proper
proportion of basalt fiber to increase the strength. Basalt fiber acts
by confining the concrete internally.

The shorter the fiber length, the lower the content and the better
the effect. The (6-24) mm fiber length is suggested to be the best
length to use in various types of concrete that enhance the
mechanical properties.

The increment in compressive and tensile strength for a lower w/c
ratio is higher than that for a higher w/c ratio. Also, the increment
in compressive strength of BFRC at 7 days is higher than that at 28
days.
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Conclusions

This paper introduces a review of the impact of the incorporation of

basalt fibers into various types of concrete on the mechanical properties,

toughness, and ductility. The following conclusions can be suggested:

1.

A small content of basalt fibers can increase the concrete tensile
and flexural strength better than a high amount of steel fibers. The
optimum proportion of basalt fibers varies according to the
concrete ingredients and depends on some factors, such as fiber
length, w/c ratio, and the age of the concrete. However, the
valuable percentage of basalt fibers is smaller than that of steel
fibers. Basalt fiber also resists abrasion and chemicals, while steel
fibers corrode over time when it is in contact with water.

Basalt fibers can be manufactured in various forms: chopped
filaments, minibars, and flat bundles with lengths between (6-50)
mm.

The concrete workability decreases with increasing basalt fiber
content, and the flow-ability of the mixture is slightly dropped
when fiber length increases. However, adding basalt fiber to
concrete can minimize drying shrinkage, size, and quantity of voids
inside the concrete matrix.

Adding a small proportion of basalt fiber to concrete mix, up to 0.5
%, can increase the compressive strength, provided that an
appropriate mixing method is used that prevents fibers from
balling into the internal structure of the concrete. However, a

volume fraction between (0.3-0.5)% is considered the best
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B. Water-to-cement Ratio of Concrete

Another factor can influence the enhancement of the concrete
strength upon adding basalt fibers. That factor is the water-to-cement (w/c)
ratio. According to Algin, et al., (2020), who investigated the impact of basalt
fibers on the workability and mechanical characteristics of two w/c ratios,
the workability dropped when basalt fiber dosage increased. However, a
slight enhancement appeared in compressive strength when the basalt fiber
percentage rose from 0% to 0.8 %. At 0.8 % fiber content, the compressive
strength increment was 16 % and 10 % for a w/c ratio of 0.59 and 0.47,
respectively. Tensile strength was also raised by 34 % and 26 % for the same

w/c ratios.

C. The Age of Concrete

The age of BFRC affects concrete strength. Meyyappan and Carmished
(2020) investigated the impact of basalt fiber on concrete strength at 7 and
28 days. The authors added 0.5 %, 1.0 %, 1.5 %, 2.0 %, 2.5 %, and 3.0 % basalt
fiber to normal-strength concrete. Their results showed that compressive
strength increased on the seventh day by 54 - 65 % compared to 28-day
compressive strength for equal percentages of the fiber. At 1.0 % basalt fiber,
the compressive strength increased to 11.45 %, whereas at 3.0 % basalt fiber,
compressive strength declined by 33.87 %.

High, et al,, (2015) stated that 1.78 kg/m3 basalt fibers increased the
strength of ordinary concrete in compression at 3 days by 5.5 %, at 7 days by

14 %, and at 28 days by 6.0 %.
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increasing the fiber length. For instance, the flow ability decreased from 80 %
for the mixture with a fiber length of 6 mm to 70 % for the one with a 30 mm
fiber length. Upon adding basalt fiber to the mortar, a slight decrease in bulk
density occurred, which referred to increasing the voids due to the balling of
the flexible fibers. The results indicated that raising the basalt fiber volume
fraction increased tensile strength, and 1.25 % gave the most increment. The
compression strength increased up to 1.0 % fiber content. However, over 1.0
%, the compression strength began to weaken.

Sun, et al., (2019) investigated the effects of basalt fiber length and
content on the mechanical properties of concrete. Two fiber lengths
were adopted: 6 mm and 12 mm. Besides, six fiber volume fractions were
incorporated into mixtures: 0.0 %, 0.1 %, 0.2 %, 0.3 %, 0.4 %, and 0.5 %. Test
results showed that the BFRC with 6 mm length fiber and 0.3% percentage
provided the highest compressive strength, followed by 0.4 % with the same
length. For concrete with a fiber length of 12 mm, the content of 0.3 % fiber
was awarded the best compressive strength of the group. However, 0.4 % and
0.5 % of 12 mm length caused a drop in the compressive strength. Generally,
the 6 mm fiber length awarded higher strength than the counterpart with
a 12 mm length having the same volume fraction of basalt fiber. Concrete
with fibers of 12 mm long caused dropping tensile strength for all volume
fractions used, whereas 0.3 % and 0.4 % provided the most increment in
tensile strength for 6 mm length. The 0.5% fiber content of both 6 mm and
12 mm provided the highest flexural strength. It was suggested by most
authors that the mechanical properties of different types of concrete were
significantly enhanced upon adding basalt fibers of a length between 12 mm

and 24 mm at a volume fraction between 0.1 % - 0.5 %.
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distribution in all orientations contribute to delay crack initiation in the matrix
and obstruct their propagation, which significantly enhances the strength
(Jabbar, Hamood and Mohammed, 2021a; Jabbar, Mohammed and Hamood,
2022). Thus, basalt fibers work on the internal confining of concrete.
Generally, it seems that incorporating basalt fibers into various types
of concrete can improve the strength in compression, tension, and flexure.
Boosting the concrete strength can ultimately lead to higher bearing capacity

for structural elements.
Factors Affecting Concrete Strength Related to Basalt Fibers

A. Fiber Length

The length of the fiber also has an impact on concrete strength (Elshafie
and Whittleston, 2015). It was displayed that the best proportion of 12 mm
long basalt fiber was 4 kg/m3, whereas 36 mm long was 8 kg/m3 to arrive
at approximately equal 28-day compressive strength (Wang et al., 2019).
Therefore, the shorter the fiber length, the lower the content and the better
the effect. Qin et a/. (2018) discussed the impact of chopped basalt fibers on
magnesium phosphate cement mixture. Four lengths of micro basalt fiber
were tested: 6 mm, 12 mm, 20 mm, and 30 mm, and six volume fractions
were adopted in their experimental works: 0.00 %, 0.25 %, 0.50 %, 0.75 %,
1.00 %, and 1.5 %. The findings clarified that adding the fibers to the mixture
obviously dropped the mortar flow ability compared to the mortar without
fibers. This influence may be interpreted as the filaments with large surface
area required to adsorb a portion of cement paste water to wrap around.

On the other hand, the flow ability of mortar was slightly dropped upon
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Impact of Basalt Fibers on Ultra-high Performance Concrete

Liu et al. (2019) found that adding micro basalt fibers into ultra-high
performance concrete (UHPC) can significantly improve the strength. The
study showed that increasing basalt fiber content from 0.15 % to 0.3 %
could enhance flexure strength by about 22 % and compressive strength by
10 % adding a silica fume to the mix at 20 % of cement content. However,
when adding the silica fume at 40 % of cement content, raising the fiber
content from 0.15 % to 0.3% did not influence the flexural strength but
decreased the compressive strength. The results also showed that the best
compressive strength could be attained when the fine aggregate
proportion equals the binder content, the silica fume/cement proportion is
0.3, and thebasalt fiber content is 0.15 % at a w/cm of 0.18, leading to the
highest compressive strength of 120 MPa (Liu, et al., 2019).

Jabbar, et al., (2021a) studied the influence of chopped basalt fibers
incorporated into UHPC. The authors used three proportions; 0.5, 1.0,
and 1.5 %. The results showed that 0.5 % and 1.0 % fiber proportion raised
compressive strength by 44 % and 51 %, respectively, while 1.5 %
increased the compressive strength lower than the two other percentages
by 41 %.

It is noticed by Jabbar, et al., (2021) that blending basalt fibers with
UHPC matrix minimized autogenous shrinkage and reduced the size and
amount of voids. Furthermore, adding basalt fibers to the matrix could
improve the toughness and ductility (Jabbar, Mohammed and Hamood,

2022). Also, the multiple basalt micro-fibers at every percentage and their
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%,0.1%,0.2%,0.3%, and 0.5 %). The results indicated that there was a slight
reduction in the compressive strength upon increasing basalt fiber over 0.3
%. The decrease was 12 % when adding 0.5 % basalt fibers. However, 0.3 %
of fiber raised the compressive strength more than the other percentages.
Also, 0.3 % enhanced tensile strength more than other percentages. The
increment was about 13 % over the no-fibrous concrete.

Ayub, et al., (2014) investigated the influence of chopped basalt
fibers on the compressive and tensile strength and elastic modulus of high-
performance concrete. Three volume fractions of fiber were incorporated
into three different mixtures. The first mixture included 1 %, 2 %, and 3
% basalt fiber with ordinary cement only. The second and third mixtures
contained equal percentages of basalt fibers, besides 10% silica fume or
10 % metakaolin as a partial replacement for cement. Other constituents
were the same in all mixtures. The results showed that 1 % and 2 % provide
better compressive strength in all mixes, while 3 % caused a drop. For plain
concrete, the 1 % and 2 % raised compressive strength by 2.3 % and 3.2
%, respectively. In the silica fume concrete, the 1 % and 2 % enhanced
compressive strength by 0.54 % and 1.82 %, respectively. In metakaolin
concrete, the 1 % and 2 % raised compressive strength by 1.58 % and 1.62
%, respectively. Therefore, adding silica fume or metakaolin to the concrete
significantly increased the compressive strength. Adding 3 % basalt fiber
raised tensile strength higher than 1 % and 2 %. However, the three
proportions boosted the tensile strength. Further, adding metakaolin to
concrete could raise compressive strength higher than silica fume, whereas

vice versa arose for tensile strength.
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Jalasutram, et al., (2016) studied the effect of adding chopped basalt
fibers of 12.7 mm length at a volume fraction ranging between (0-2) % on the
mechanical properties of ordinary concrete. The findings illustrated that the
compressive strength slightly decreased upon adding basalt fibers compared
to conventional concrete. However, the defeat pattern was altered from
brittle to ductile in compression. The tensile strength was enhanced by
about 15 % at a 2 % volume fraction of basalt fiber above the non-fibrous
concrete. The highest increment occurred in flexural strength, which was 75
% at 2 % basalt fiber content. Furthermore, flexural toughness was improved
by about three times of ordinary concrete.

Dilbas and Cakir (2020) suggested that the 0.25 % basalt fiber content
provided the best increase in compressive strength, whereas 1.0 % volume
fraction awarded the highest tensile strength. Hirde and Shelar (2017)
stated that the ultimate improvement in compressive strength occurred at
a 3 % volume fraction of basalt fiber. However, the 4 % provided the best
increment in tensile strength, which arrived at 33.6 % above non-fibrous
concrete. lyer, et al., (2015) stated that 18 kg/m3 of basalt fibers awarded

the best improvement in compressive and flexural strengths.

Impact of Basalt Fibers on High-strength and High-perfor-
mance Concrete

Some researchers have explored the impact of basalt fibers on high-
performance concrete (HPC), and it looks like they can enhance the strength
of conventional concrete. Tamadhir and Borhan (2013) inspected the effect
of adding a small volume fraction of chopped basalt fibers on high-strength

concrete of about 60 MPa. The basalt fiber volume fractions adopted were (0
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splitting tensile strength improved for all fiber content. The 1.5 % basalt fiber
content awarded higher increments in the tensile and flexural strengths. The
increments were 22.58 % and 57 %, respectively.

According to the mentioned results, blending basalt fiber within a
concrete matrix with a small percentage enhances the compressive strength
more than the large volume fractions. On the other hand, the high content of
basalt fibers improves tensile and flexural strength more than compressive
strength, which may drop.

Al-Kharabsheh, et a/, (2022), in a comprehensive review, stated that
the slump dropped when basalt fiber content increased; therefore, the
authors proposed applying a superplasticizer to adjust workability. However,
the strength of compression and tension was greatly enhanced, and failure
patterns transferred from brittle to ductile upon blending basalt fiber with
concrete matrix. Kirthika and Singh (2018) stated that 0.75 % highly increased
strength in tension, while 0.5 % showed the highest compressive strength.
Jia, et al., (2021) claimed that 0.2 % basalt fiber provided the best tension
strength from the three-volume fraction of 0.1 %, 0.2 %, and 0.3 %. Also,
compressive strength was slightly improved upon adding the fibers up to 0.2
%. However, a 0.3 % basalt fiber volume fraction causes a decrease in the
compressive strength.

Furthermore, some researchers claimed that basalt fibers have no
significant impact on compressive strength. The investigators attributed that
to lowering workability when basalt fibers are added to the mix due to the vast
surface area of the filaments and proposed applying a plasticizer admixture

to modify the concrete workability (Afroz, Patnaikuni and Venkatesan, 2017).
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Krassowska and Kosior (2019) investigated the impact of chopped
basalt fiber proportion and steel stirrups on the reinforcedconcrete beams’
behavior. Two weights of 50 mm fiber length were used: 2.5 kg/m? and 5
kg/m? incorporated into a concrete mix. The authors found that the
addition of basalt fibers increased compressive strength by 4.76
% and 0.99 % and tensile strength by 10.06 % and 16.39 %, respectively.
Also, fibrous beams were not quickly fractured. The defeat pattern of beams
varied according to the stirrups amount and fiber quantity. Multiple oblique
cracks with a shallower width were noticed in fiber-reinforced concrete
beams. Beams free of fibers failed rapidly due to brittle cracking. Basalt fibers
showed the tendency to transform the shear forces in compression after
cracking to plain concrete. The beam section remained carrying the load
after the initiation of the crack. When the loading reached the ultimate state
in basalt fiber reinforced concrete beams, no sign of failure due to concrete
crushing occurred. The presence of fibers permitted the growth of multiple
diagonal cracks, and then one crack at least widened before shear failure.
Ramesh and Eswari (2020) searched the impress of basalt fibers on the
mechanical properties of normal concrete of 25 MPa compressive strength.
Five volume fractions were adopted in the work: 0.0 %, 0.5 %, 1.0 %, 1.5 %,
and 2.0 %. The slump decreased with increasing fiber content; therefore, a
superplasticizer dosage was increased to modify the workability. The authors
illustrated that a slight increase in compressive strength occurred up to 1.5
% of fiber, while 2.0 % of basalt fiber reduced compressive strength. They
attributed the decrease in compressive strength at 2.0 % fiber content to
the higher fiber volume fraction in the mix, which might have caused the

fiber turning and accumulating to decrease the compressive strength. The
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while 1.0% lowered it by 12 %. They concluded that using basalt fiber leads
to decreasing compressive strength of concrete. They attributed that when
the fiber content increased, the probability of balling these fibers together
and leaving voids in the matrix was higher, which led to more porosity and
reduced strength.

Abdulhadi (2014) studied the impact of chopped basalt fiber on
conventional concrete of 36 MPa compressive strength. Five volume fractions
were added to an identical concrete mix: 0.0 %, 0.3 %, 0.6 %, 0.9 %, and 1.2
%. The authors found that 0.3 % and 0.6 % raised splitting tensile strength by
2.7 % and 23.1 %, while 0.9 % and 1.2 % decreased it by 11.2 % and 19.7 %,
respectively. On the other hand, the compressive strength was decreased for
all volume fractions. Revade and Dharane (2015) studied the impact of
basalt fibers at three proportions, as a percentage of the weight of cement,
on the concrete properties. The results showed increasing compressive
strength by 13 %, 12 %, and 10 %, upon adding the fibers at 1.0%, 1.5%,
and 2.0 % into the concrete mix. However, the tensile strength was raised
by 11 %, 17 %, and 21 % forthe same fibers’ percentages. Galishnikova, et
al., (2019) surveyed the influence of chopped basalt fibers on the resistance
of plastic deformation of lightweight concrete. The results showed that the
concrete resistance to the deformation relies on the content of the fiber, its
length, and its diameter. Increasing fiber content raised the concrete
resistance to deformation. However, adding basalt fiber to the concrete
mix can expand toughness and enhance the stiffness of the structural
elements. Basalt fiber can readily disseminate in the concrete mixture
without segregation, but the fibers often twist because of flexibility.

However, the authors showed that the fiberpercentage affects the ductility.
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Impact of Basalt Fibers on Ordinary Concrete

Adding basalt fiber to a concrete matrix can reduce drying shrinkage
and the size and amount of voids in the concrete microstructure (Jabbar,
Hamood, and Mohammed, 2021), (Lam and Hung, 2021). Also, it could
enhance toughness and ductility (Jabbar, Mohammed, and Hamood, 2022),
(Jabbar, Hamood, and Mohammed, 2021b). Incorporating chopped basalt
fiber into the concrete mix can be beneficial when added at a volume range
of 0.3-0.5 %. It can increase the strength of concrete, but when used above
0.5 %, it can be detrimental to the strength (Tumadhir and Borhan, 2013),
(Dilbas and Cakir, 2020). However, some studies have found that adding 0.1
% is the optimum dose. It's significant to carefully evaluate the amount of
chopped basalt fiber added to provide the most useful effects for concrete
strength (Vajje and Krishna, 2013). Therefore, the optimal dosage of basalt
fibers varies according to the concrete components. Nevertheless, the
beneficial proportion of basalt fibers was smaller than that of steel fibers. It
was stated that utilizing 12 kg/m3 of chopped basalt fibers can improve the
concrete flexural strength at the identical rate of raising flexural strength by
adding 40 kg/m3 of steel fibers (Galen and Russia, 2009).

El-Din, et al, (2016) mentioned that incorporating 18 kg/m3 of
basalt fiber into a concrete mix improved compressive strength by about
15 % above non-fibrous concrete. Dias and Thaumaturgo (2005) studied
the effect of applying 0.5 % and 1% of basalt fiber on normal-strength
concrete. The authors found that there was a 26.4 % and 3.9 % reduction in
compressive strength upon incorporating 1 % and 0.5 % basalt fiber into the

mix, respectively. However, 0.5% basalt fibers raised tensile strength by 8%,
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Branston, et al, (2016) studied the influence of two types of
manufactured basalt fibers. There were flat bundles and minibars. A flat
bundle with two various lengths of chopped fibers, 36 mm, and 50 mm,
was shaped as a flat bundle. The flat bundles of basalt fiber are about 0.6
mm wide and made of 16 um diameter filaments. The minibar applied in
the study was an epoxy-based resin reinforced with 17 um diameter basalt
filaments. The minibar was 43 mm long and about 0.65 mm in diameter. The
minibars were more rigid than the flat bundles. The findings showed that
adding basalt fibers raised the first-crack loading of concrete subjected to
flexural force but had no significant effect when subjected to impact loading.
For flexural loading, the first-crack strength increased with rising fiber
content. The strength enhancement was higher upon using longer fibers, 50
mm, than that with a 36 mm flat bundle. A dosage of 12 kg/m3 of 50 mm flat
bundle led to a first-crack strength approximately equal to that of concrete
with steel fiber of 40 kg/m3. However, fiber content over 12 kg/m3 and 40
kg/m3 of flat bundles and minibars led to mixing issues due to fiber curling

and caused difficulty in handling, pouring, and consolidating fresh concrete.

Chopped basalt fiber Minibar basalt fiber Basalt fiber rebars
Figure 2. Types of Manufactured Basalt Fibers
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Table 2. Chemical Components of Chopped Basalt Fibers (Elshekh, et al., 2014)

Component Percentage
Sio, 51.65

AL O, 15.58
Fe,0, 3.97

FeO 6.15

Ca0 9.35

MgO 6.10

K,0 1.43

Na,0 2.05

TIO, 1.33

Other oxides 2.39
Reactivity Inert, it does not participate in chemical reactions

Type of Basalt Fibers Products

Basalt fibers can come in various forms and dimensions, depending on
their planned usage. These fibers can be found in chopped form, as filaments,
or even as minibars made from fine filaments glued together with epoxy-
based resin. Their lengths range from 5 to 100 mm, giving them versatile
applications. Also, they manufactured basalt rebar to use in reinforcing the
concrete. Figure 2 shows the types of basalt fiber products.

El-Gelani, et al., (2018) investigated the effect of two types of basalt
fibers on normal-strength concrete properties. Chopped basalt fiber and
pre-soaked in epoxy resin basalt fibers as minibars were added to the mix
at a total weight of 1.8 kg/m3. The results showed the equal mixture of
both types of fibers awarded the highest increment in 28-day compressive
strength by 28 %, whereas adding chopped fiber alone raised compressive
strength by only 5.6 %. For flexural strength, both minibar and chopped

basalt fiber enhanced the strength by 17% over no fibrous concrete.
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SF= steel fiber C30

PP=Polypropelene
fiber
BF=basalt fiber
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SF25kg SF35kg SF45kg PP09kg BF3kg BF 4 kg

Fiber type and content, kg

Figure 1. A comparison between the effect of steel, polypropylene,
and basalt fibers on 30 MPa concrete

Table 1. Physical Characteristics of Basalt Fibers
(Chiao, 1980), (Spool, 2018), (Galen LLC Russia, 2009)

Property Description
Appearance Short filament

Color Medium brown to olive
Specific gravity 2.7-28

Filament diameter, um 6-21

Modulus of elasticity, GPa 80-93

Strain at break 0.0315-0.032
Moisture content,% 0.4-12

Tensile strength, MPa 4800 - 2800
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Numerous investigations explored the influence of blending basalt
fibers within concrete on its mechanical properties. Various proportions as
volume fractions or cement content percentages, were incorporated into the
concrete matrix to demonstrate their effect and decide the most suitable
content. Each investigator decided the optimal proportion according to the
added volume fraction during the experiments where they differed from one

to another (Xianggang, et al., 2018), (Xinzhong, et al., 2017).

Physical and Chemical Properties of Basalt Fibers

Basalt fibers are a new type of natural fibers that possess remarkable
features. Their chemical composition is similar to that of glass fibers, but they
have higher strength. That makes them an excellent candidate for utilization in
concrete mixtures, as they can boost some mechanical properties. It consists
of around 50% silicates to provide higher strength and better resistance to
acid, alkali, and salt attacks (Chiao, 1980), (Deak and Czigany, 2009), (Li, et
al., 2018), (Hirde and Shelar, 2017), (Xinzhong, Chuanxi and Wei, 2016). The
physical properties and chemical composition of basalt fiber are illustrated in
Tables 1 and 2, respectively. These features make it a promising material for
incorporating into concrete mixes to improve some mechanical properties. One
of the forms in which basalt fiber is used is chopped fiber. Chopped basalt fiber
is @ micro-filament of 16-18 um diameter and varying lengths (Branston et al.,
2016). According to experts, the specific gravity of basalt fiber is about 2.8, with
a tensile strength ranging between 2800-4800 MPa. The modulus of elasticity
ranges between 80-93 GPa, and it has a strain at failure of (0.0315) mm/mm
(Branston, et al., 2016). Basalt fiber density is approximately 2800 kg/m3. Its

effects on concrete properties have been discussed in various research studies.
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to concrete can boost tensile strength and toughness; however, steel fibers
suffer from corrosion when they come in contact with moisture in concrete
(Wang, et al., 2019). Glass fiber can improve concrete toughness, but its
resistance declines over time when they tough the alkali medium (Shaikh,
2013). Although carbon fibers give hardness and high strength when used in
concrete, they are expensive (Alabduljabbar, et a/., 2020). Basalt fibers have
proper chemical resilience, elevated tensile strength, corrosion resistance,
and no environmental consequences (Spool, 2018), (Galen LLC Russia,
2009), (Jamshaid, 2017), (Xianggang, Yahong and Junna, 2020). Therefore, it
is significant to inspect their influence on the mechanical characteristics of
concrete. Furthermore, adding 45 kg of steel fiber to ordinary concrete of 30
MPa compressive strength can raise the flexural strength by 17%, whereas
adding 3 kg of basalt fiber to the same concrete can increase the flexural
strength by 29%, as illustrated in Figure 1.

Basalt is a fascinating type of rock created through the rapid cooling
of magma or lava from volcanos (Ramadevi, Chithra, and Rajesh, 2017). It
can be found in various regions around the world where volcanos are active,
and its appearance can vary depending on the source, cooling rate of the
rock, and exposure to weathering. It is impressive to think about such fiery
substances to transform into something so different and unique (Branston,
et al.,, 2016).

Fine-quality fibers can be extracted from basalt rock through a
method that involves heat treatment. This process is similar to glass fiber
production but at a much higher temperature. Additionally, basalt rebar can
be manufactured today. These basalt products have a thermal coefficient

that is very similar to concrete (Branston, et al., 2016).
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Introduction

Concrete is an incredibly versatile and reliable substance that is widely
applied in different construction projects. Whether building a contemporary
skyscraper, constructing a bridge or tunnel, or spreading a footing for a large
steel and concrete structure, concrete is the mere choice for engineers and
builders. Its strength, durability, and ease of usage make it an ideal selection
for extended construction applications. Furthermore, with a wide range of
different types and availability of compositions, it is easy to find the perfect
concrete mix for any structure (Shaikh, 2013). Concrete is quite strong when
it comes to being compressed. However, it is pretty weak when it comes to
being in tension. That is because concrete has very little tensile strength,
which means it cannot resist forces that try to pull it apart, and it is much
more prone to cracking or breaking under tension. Therefore, it is commonly
reinforced with steelbarsor meshto compensate forthe weaktensile strength.
On the other hand, concrete failure is also sudden, which is a dangerous
failure. These defects boosted scientists and manufacturers to discover how
to develop concrete tensile strength and fracture properties. The efforts led
to the production of fiber-reinforced concrete (FRC). Incorporating fibers
into a concrete matrix enhances the tensile characteristics to a considerable
extent and compression to a lower degree. Also, they change the fracture
from brittle to ductile (Hannawi, et al., 2016), (Papakonstantinou, 2020).

Different kinds of fibers were utilized in concrete and afford multiple
improvements. Therefore, some categories of fiber-reinforced concrete (FRC)
that have various effects on self-regulating characteristics and application

attributes were realized (Chiao, 1980). For illustration, counting steel fibers
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Abstract

This paper reviews effecting of blending basalt fibers into concrete
on mechanical properties, ductility, and toughness. Based on concrete
components, the perfect basalt fiber percentage can differ and is influenced
by factors like fiber length, w/c ratio, and age. The beneficial basalt fibers
percentage is lower than that of steel fibers. Even with a low concentration
of basalt fibers, concrete tensile and flexural strength can be improved more
effectively than a higher amount of steel fibers. As the amount of basalt
fiber increases, the mix workability decreases. Additionally, the flow ability
may drop slightly as the length of the fibers increases. Adding basalt fiber to
concrete can minimize drying shrinkage, size, and quantity of voids inside
the concrete matrix. A content between (0.3 - 0.5) % is the best ratio to
increase the compressive strength, while a higher percentage may reduce
it. The tensile, flexural strength, stiffness, and toughness can improve by
increasing the fiber content. However, higher content may cause the fibers
to lose their forms due to flexibility. Generally, the higher the basalt fiber
content, up to 1.5 %, the higher the tensile and flexural strength. Beyond
1.5 %, the increment may be lower. The presence of basalt fiber in beams
delays the appearance of cracks and increases the beam's load capacity. The
shorter the fiber length, the lower the content and the better the effect. The
(6-24) mm is the best length to use in concrete that enhances mechanical
properties. The increment in strength for a lower w/c ratio is higher than that
for a higher one.

Keywords: Basalt fiber reinforced concrete, Compressive strength,

Tensile strength, Flexural strength, Ductility.
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