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ABSTRACT

SUSTAINABLE NATURAL RESOURCES EFFECT ON
CONSTRUCTION PROJECTS PERFORMANCE

ALJANABI, Zakaria

M.Sc., Civil Engineering, Altinbas University,
Supervisor: Assoc.Prof. Dr. Sepanta NAIMI
Date: April / 2023
Pages: 65

Economic growth of construction projects considered one of the many challenges that
management representation. The lack of a unified understanding of the various types of
building materials and their characteristics presents the biggest challenge to the Iragi housing
industry. Containing a set of defining characteristics. To that end, our research revealed the
many factors, including cost and sustainability, that influence the final price tag of building
projects. The primary obstacle confronted by this investigation is an automatic selection
method's application to sustainable natural resources principles in residential building
projects. The research methodology relies on three steps; the first is interviewing area experts
to gather background information. The attributes of materials are ranked using the second
technique. Third, there's WASPAS, which is the method of cost calculation. The research
concluded that using the CPI representation for project predictions yields a considerable
improvement in project shift costs. Performance data and test results showed that the existing
method maintained a steady equilibrium in the evaluation of project processes. The expert

thinks these are really important findings.

Keywords: WASPAS, Sustainable Materials, CPI, BIM, Resources Effect.
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1. INTRODUCTION

1.1 OVERVIEW

Conserving resources means getting more done with less resources. To maximize benefits
to present generations while preserving the ability to satisfy their requirements in the future,
human use of natural resources must be managed. The idea has grown to be a crucial topic
in discussions about sustainable development. Many academics have noted that certain
resources are becoming very scarce, and that using the supplies that are still available
requires caution. The author demanded that rare materials be replaced with less rare or

renewable ones [1].

The underlying assumption is that greater productivity is necessary to lessen the effect on
the capacity of natural systems to absorb waste and energy. Since the construction sector
uses so many natural resources, increasing resource efficiency is a major focus of many of
the initiatives designed to produce ecologically friendly structures. Resources are used more
efficiently when waste is minimized during building construction and when opportunities
for recycling and reusing building materials are created. Demands for greater resource
efficiency have been sparked by worries about the depletion of nonrenewable natural
resources. Conserving nonrenewable resources is essential for a sustainable future since
energy, water, materials, and land are nonrenewable resources that are essential to
construction projects. Figure 1.1 [2] illustrates how some design principles and approaches
result from resource conservation. Sustainability generally refers to the use of natural
resources in a manner that ensures their development and transmission to future generations
without causing them to deteriorate, run out, or become unrenewable. From this vantage
point, sustainability seems to be a concept that has been used in our time in every field, from
energy usage to industrial planning to architectural design. By preserving the built and
natural environments and maintaining the continuity of human and natural resource use,
sustainability aims to ensure that future generations will be able to exist. In addition,
sustainability is a multifaceted system that aims to enhance everyone's quality of life by
enhancing the conditions of the underprivileged, creating meaningful connections between
individuals by highlighting cooperation and social benefit, and reshaping the economy based

on these natural resources [3].



| Resource conservation ‘

Strategies
’ Energy conservation ‘ [ Material conservation ‘ ’ Water conservation ‘ ’ Land conservation ‘
Methods
4 v v v
1. Choice of materials and 1. Design for Waste 1. Using water efficient 1. Adaptive reuse of
construction methods 2. Specify durable material plumbing fixtures existing building
2. Insulating building envelope 3. Specify natural and local 2. Design for dual plumbing 2. Locate construction
3. Design for energy efficient material 3. Collecting rain water project close to
deconstruction and recycling 4. Design for Pollution prevention 4. Employ re-circulating existing infrastructure
4. Design for low energy 5. Specify non-toxic material systems 3. Development of
intensive transportation 5. Designing low-demand non-arable lands for
5. Developing energy efficient landscaping construction
technological process 6. Pressure reduction
6. Use of passive energy design

Figure 1.1: Strategies and Methods To Achieve Resource Conservation [2].

Fundamentally, the idea seeks to establish a balance between people, time, and place, or, to
put it another way, an equal division of world resources among all nations, all forms of life,
and future generations. Sustainability is maintaining our present standard of life while
making continuous improvement based only on our consumption habits. This development's
long-term survival is also dependent on universal solidarity, democratic distribution, and
equity. The sustainable development model, which aims for environmental management,
social responsibility, and economic solutions by rejecting the consumer society [4], so
proposes a comprehensive perspective of development. According to this viewpoint, the
three main aspects or dimensions of sustainability are environmental, economic, and social
sustainability. A balanced and ongoing mix of environmental, economic, and social elements
may lead to sustainable development. Social sustainability is seen as a need for economic
sustainability since ecological and social sustainability cannot exist without economic
sustainability. These three elements should be seen as inseparable parts of a whole due to

their total interconnection [5].




1.2 BUILDING INFORMATION MODELING

BIM, on the other hand, takes the opposite approach. It centralizes all data in a single
database and correlates all data with certain objects (building and building components). As
a result, the BIM model is a centralized database model with intelligent data association.
Furthermore, the centralized architecture makes cooperation between various disciplines
possible (BIM interoperability). Building Information Modeling Structure Information
Modeling, or BIM, is a digital model of a building that includes digital copies of the real
building sections and components used during construction. Engineers can complete a
virtual simulation of the full structure before construction begins by using architectural
elements, systems, parts, and components that have the same qualities as the real building.
BIM also covers the whole life cycle of a structure, including design, construction, operation,
and maintenance [6]. Traditional tools (such as CAD) on the other hand, as indicated in

figure 1.2 [7], require more traditional modes of communication between the various parties.

2D data exchange BIM interoperability

Figure 1.2: 2D Data Exchange in Comparison With BIM Interoperability.




Various BIM applications are used during the creation and lifespan of a building. These
applications deal with different aspects of BIM technology and how it is deployed. The
following are just a few of the BIM applications that may be linked to each stage of the

development process, including design, planning, and construction [8].
1.3 PROBLEM STATEMENT

Tall constructions are becoming a major concern in all nations throughout the world as
urbanization and population grow. Natural and different structures are plainly visible, in
addition to technical aesthetic and functional changes over time. The study's main purpose
was to spot trends and future generations, and it was influenced by the Chicago Style, which
is often considered to be the first architectural style [9]. In terms of aesthetics and structure,
as well as performance-oriented long-term building, several styles have evolved. By
studying school and architectural styles throughout the development process, architects,
engineers, and planners may employ architectural design to raise these types of facilities. If
the incidents are not adequately handled, they will have a negative impact on the
organization, such as a loss of goodwill, income, or additional expenditures for construction,
operation, or maintenance delays. An adequate safety margin must be established to assure
the building project's safety [10]. All considerations must be considered in order to provide
the highest possible safety margin for construction projects. The design and execution of site
investigations are influenced by all aspects in construction project considerations. The most
challenging aspect of this study is determining the optimal method for managing

construction projects and identifying project impediments.
1.4 OBJECTIVE OF STUDY

The goal of this study is to look into the impact of sustainable natural resources on
management and to use an independent state-of-the-art approach to enhance the quality of

all activities while reducing project costs and time.



1.5 THESIS ORGANIZATION

There are five chapters in this thesis. In the first chapter, you'll learn about building projects.
In addition to the problem statements and objectives, it discusses the background of this field

and the main concept of building projects.

The second chapter gives a broad overview of the effects of building projects, based on

studies gathered from various studies.

In Chapter three, the solution technique program is presented, which includes the studied

parameters, work methodology, and risk element effectiveness testing.

The work's result and calculation are discussed in Chapter 4. The fifth chapter is the final

chapter



2. LITERATURE REVIEW

2.1 INTRODUCTION

Reuse is an exercise that's also gaining popularity due to its positive impacts on the natural
surroundings while also improving the economy. Similarly, as the Life Cycle Assessment
approach emphasizes, recycling is not new in the construction industry. As a result,
(Building after which Demolition) end up wasting retrieval has reached significant taxes at
the moment, at at least in Europe; however, greatest recovered funds are used for lower
housing effort, such as satiating excavations as well as roads, and thus it is necessary to
improve the quality, not just the amount, of composting. Waste from construction and
demolition. This scenario is influenced by a number of factors. Between many them, the
following are currently of involvement: the initial resources which compose Building then
Destruction waste, this same original construction methods, the expense of left-over
treatments, insufficient research then implementation of therapeutic approaches in the
building suburb, an absence of preparation of a entertainers associated with the building

process, and the obscurity of laws [1].

It is also important to remember that the exact sustainability principles in resource upkeep
that advocate for recycling also advocate for the composting of existing structures for as as
long as possible, throughout order to promote land preservation and reduce waste generation.
This entails repeatedly assuming responsibility for construction work on existing buildings
over time, each time producing a certain amount of construction then destruction waste,
while destruction is advantageously postponed for centuries. It follows that a more
collaborative effort is required to improve recovery and recycling, both on- and off-site. As
lengthy as composting in construction also isn't supported by a strong after which thorough
eyesight that reflects the entire project value chain, it remains weak and constantly under the
impact of construction companies of building supplies who promote their goods as
sustainable because they contain a portion of recycled waste. This really is promising
throughout sequence, but it isn't sufficient nor constantly viable [2].



Regarding the original components that constitute waste, another of the most significant
issues for high-value recycling is associated to an original structure method: if it requires
wet processes, such as huge walls of bricks and mortar, selective demolition unraveling the
basic materials increases costs and takes time. As a result, the benefit of waste collected after
nonselective demolition is plummeting and even zooming for the manufacture of second raw
materials unless it is exposed to adequate based intervention with related prices, favoring its
terminus as low value physiological (usually cost - sharing) for building works. Even though
dry construction techniques seem to be originally rummage-sale, basic materials and
components can be gathered more easily and effectively and redirected to repurpose. Even
so, for just a variety of reasons, they are frequently directed towards rudimentary reuse
treatment methods, such as steel, wood, glass, and PVC, instead of experiencing
maintenance and adjustment processes that can make them useable in similar or other
construction places as secondary materials and components, including such struts, window

frames, and ceramic tile [3].

Treatment systems are too crucial for recovering recyclable materials, both financially and
in terms of innovations that can generate second raw building materials. Numerous residual
recycling activity processes, such as pliable or tires, are studied and put in place outside the
building sector; occasionally, they help produce construction materials, such as recycled
polymer elements for constructing skulk rooms or reprocessed neoprene agglomerates for
composites. In the meantime, legislation has begun to establish the obligation to adhere to a
certain fraction of reclaimed materials used for construction products, as a minimum least
for national expenditure. This is rising producers' devotion to the implementation of novel
operations and maintenance technologies for left-over treatment procedures in the
construction subdivision, which is also helping to reduce the expense of products that would
otherwise be higher than the cost of raw materials. Even so, research and implementation of
action processes in the construction sector feel unsatisfied, as they are absorbed primarily by
legislative supplies and producer interests rather than, or in addition to, what is most
effectively desired on construction sites. This is demonstrated by research and production
labors that, despite being important in terms of environmental, remain quite contained and
the under [4].



Types of usual resource [5]:

a.

b.

J-

The Earth (wind, attractive, Kinetic, gravitational, as well as electrical forces)

Solar irradiance (for sustaining life, growing crops, astral and thermal power)

The weather (for agriculture, sustaining lifetime )

Water (seas, river systems, lakes, scenic, glaciers, and other bodies of water) for survival
Air (then its constituent gases) for life support f) Geothermal energy ( basis of heat)
Wildlife

Metals and mineral deposits (iron, copper, diamond, petroleum) (marine- and earthly -
based life)

Forests and other vegetation (enjoyment, source of food, timber )
Beautiful natural areas (mountains, heaths , Savannah, tundra and other types of land).

Individuals (labour then populations).

2.2 ELEMENTS OF CONSTRUCTION PROJECT RESOURCES

This project considers the next resources primarily for the total of the countries in footings

of geographical attention [6]:

a.

Substances in use in construction, such as metals, minerals, real as well as wood

(wooden);

Energy (embodied) and associated emissions - this is energy used in the harvesting of
components, production of construction products, this same construction stage on its
own, construction and demolition, but just not power rummage-sale straight throughout

the utilization.

Liquid - this is related to the packed cycle, but mainly to the use of water in structures.
However, after a thorough examination of existing data, quantifications of embodied

water were ruled out.



d. Land - by land, we mean the direct use of land.
2.3 RESOURCE CONSERVATION

Trying to move to much more sustainable building design has been understood as a
comprehensive concept aimed at reducing resource use and limiting ecological impact after
building structures throughout their lifespan - from material removal to be used in the
construction phase, finished resource use throughout tenancy and upkeep, to resource

recovery at demolition [7].

Construction resource use is initially unspoken as the density (typically verbalized in bodily
units) of stockpile inputs Furthermore, it is too well understood to cover marginally outputs
posing a weight on the natural basin functions emissions, quantity of waste generated. The

environmental costs are excluded from this meaning [8].
2.4 ENVIRONMENTAL IMPACTS ACCORDING TO BUILDINGS STAGES

Its life - cycle of a building begins with the mining of raw materials, continues through the
building projects and usage phases, and ends with demolition, sewage disposal, and/or reuse.
Throughout the lifespan of a building, funds are used and environmental damage are molded.
The environmental impacts of recycling are understood through the quantified or qualified
impacts linked to the actual use of assets. The ecological cost of the use of substance capitals
in building structures arises at various phases of the building's life-cycle, from physical
harvesting to the processing and creation of construction materials, conveyance, building
itself, usage of the constructing including remodeling, upkeep, and ultimate collapse and
reuse or removal. Every one of the phases has an affect on the environment. Though
influences should ideally be described based on, in practice, the best-available substitute
may be the real pressure. the apply support -to- entrance figures covering the resource
extractionto last product (steel, concrete, etc.), since the future organization of waste arising
after materials used for structures in present times is rather uncertain and so difficult to

cover [9].
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Figure 2.1:Impact of Resource Usage in Projects [10].
2.5 BIM AND NEUTRAL RESOURCES

The capacity to use BIM contributes significantly to the ensuring sustainable development
of the building design. that requests provide tools for examining and maximizing BIM
models throughout terms of energy efficiency during the design phase. Designers can
quickly and easily decide on the placing, orientation, and procedure of building structures in
order to maximize energy requirements early part with the conceptual stage. Just as planning
new evolves, that models contain the necessary data about various sustainability factors such
as the ecological emissions and energy requirements of the designed building. When there
are no specialized sources of stress, the comfort of BIM tools allows developers to reflect on
the project's sustainable development without significant challenges. Neither energy saving
measure is as effective as ensuring that out during the design process. This same building's
proper trying to position just on site, its orientation in relation to the sun, its procedure,
material properties, and the potentials for natural convection by way of well by way of the
helpful positioning of the accommodation are values that can't be easily replicated by

sophisticated thermos-technical strategies for heating, temperature control, and airflow.

Bim software is a true game changer in project management, with significant benefits for
clients and the general public. Considering that an increasing number of countries (primarily
on the European landmass) are imposing legal limits on the environmental impact of new
structures, BIM apps are becoming vital instruments for carbon foot print command during

the design process [11].
10




Using BIM projects and BIM building applications, construction firms can precisely plan
the construction process during the construction process. 3D BIM models as well as the
information they contain allow for the rapid and efficient making plans of a constructing in
which refuse is minimized, pollution is reduced, public transport is utilized, less vigor is
necessary for construction, and so on. Technology is bringing back prefabrication. BIM
designs precisely list, describe, and maximize building materials, enabling businesses to use
production plant parts that are manufactured in a controlled environment with the fewest
amount of ecological impact. Blueprinting, along with the use of artificial intelligence and
robotics (Al), is becoming increasingly popular in the building economy. Such technologies
could perhaps make the construction business as efficient as the automobile and aviation
industries [12].

Even so, substantial financial money saved are observed during the construction process and
upkeep as a result of atmospheric carbon reductions (when compared to buildings designed
and constructed without BIM technology). Unconscious regulatory oversight systems that
use sensors and data are not new; however, whenever these systems use Bim and their data,
the possibility of management and switching grows. Building foundations would benefit
from even more advanced intelligence thanks to the Digital Twin skill in construction
projects that use BIM models [13].

2.6 MANAGING NATURAL RESOURCES

Examine the chemical and physical qualities of fresh and salty liquid. Create a chart or
diagram depicting the vital uses of water, distinguishing the water that is available for human
usages from that which is not. Utilizing administration news stories and news television,
investigate the major issues with water quantity and quality affecting global water supply.
Separate opinion pollution from non-point source pollution. Discuss the benefits and costs
of various management plans that have been used to solve water quality and quantity issues
by developing a rubric that can be used to evaluate each technique and citing particular

evidence from the text [14].

11



2.6.1 Resource Optimization

To effectively complete a construction project, various resources are required. It consists of
materials, labor, and machinery. Second guess the project leader can complete the task with
the fewest resources; it is regarded as an important stage toward sustainability. For example,
if we don't need six transportation mixers for tangible torrential operations, the scheme
manager can skip two of them and still deliver the same scope on time. It not only lowers
rental rates, but it also saves a significant amount of fuel. Likewise, using effective laborers
to regulate concrete waste at the site aids in the conservation of building materials such as
cement and steel. During project execution, approximately 3percentage points to

5percentage points of assets are typically wasted [15].
2.6.2 Reducing Reworks

Several more businesses are aware of mistakes in the construction process. It entails
revisions, which have high associated costs. The most significant impediment to productivity
Is revision. A foundation, for example, is built in a location where he was required due to a
surveyor's error. Such errors are avoided by implementing some well quality control system.
Sustainability is possible by avoiding these reworks, which waste both physical and energy
resources. A start-up company recently introduced new technology in construction that uses
a robot to image project sites and then compares it to BIM models. The mistakes are
identified before moving onto the next stage, saving massive costs [16].

2.6.3 Alternative Construction Methods

The adoption of alternative building techniques restores sustainability and aids in waste
reduction. Precast or outsourced construction is the most common method of waste
reduction. The repetition of gathering the shares of a framework in a production plant and
then shifting them to some other location is known as construction projects. So because
building takes place in a factory, prefabrication is significantly more sustainable long term
than conventional methods. It consumes less energy than traditional building methods.
Construction management software can replace use of paper, illustrations, and specs in
sustainable construction companies. It not only reduces paper waste, but it also eliminates

the possibility of accidentally using an old revision at the location. Investment in modern

12



technology will enable these businesses to save time and money by eliminating the need for

newspaper proposals and large records [17].
2.6.4 Physical Selection

The variety of materials is one of the most important factors contributing to sustainability.
He mentions using green materials , low paints, water-saving fixtures, little coating metal
halides filled glass, and current insulations. It makes the building more sustainable over time

by lowering energy consumption [10].
2.7 CURRENT WORK

The study aimed to identify and evaluate the impact of using natural resource in construction
projects execution in the way of examining the effect on the project performance and its life
cycle as well as the impact on environment. The study outline was toward enhancing the
sustainable construction management and to decrease the uncontrolled cost and the time that
can variate the scope of the project. The study analyzed the related factors based on the
independent state of the art approach to improve the project quality for better results.

2.8 LITERATURE SUREVEY

The financial, environmental, and social pillars are the three main pillars of sustainability.
These tasks in relation must be stable in order to achieve sustainable building projects. When
considering the project, materials, and skills used in building, social features rank equally.
This same enhanced use of naturally derived materials derived from renewable sources using
traditional techniques is common throughout sustainable structures and therefore can help
balance some communitarian aspects. Whenever the structure meets modern scientific and
manufacturing standards, building with traditional technologies such as compressed soil
slabs, compressed earth, adobe, or definition of the word skills is a viable alternative to
ordinary make a substantial. Elevated, long-lasting structures can be built with indigenous
materials and labor. This paper presents research papers from distant Europe and Australia
before demonstrating the social and environmental impacts of the technology used. Previous
taking into account social aspects may result in an improvement in the tower's sustainable

development [18].

13



The money of raw resources to reduce the usage of quasi resources, other than fossil fuels,
as well as the quantity of waste that must be disposed of in landfills have received attention
inside the construction industry, which is one of the primary users of the these resources.
This interest highlights the significance of recycling. Predicated on the author's inter studies
and research on sustainable construction, this quick paper will discuss a number of issues
trying to influence the strengthening of composting. Since the emergence of the principles
of sustainable development throughout building projects, we have been proceeding in stages
instead of using a universal approach that has been widely publicized as effective in
communicating the complexities of sustainable development [29]. This has been true for
reducing the consumption of fossil fuels, and it is true for other issues of current attention,
such as recycling. Though this approach to responsibility produces results, it is insufficient
to overturn this same unsustainable use of traditional resources, contra this same natural
environment, and combat climate change [30]. Remanufacturing is an important neutral in
the construction industry that can and must be strengthened to help promote a general

approach to the environmental sustainability of the built environment [19].

In the past three decades, sustainable development subject matters in construction
manufacturing have produced many developments in project management, structure
remodeling, and building advancement. It all related to vigor, such as vigor conservation and
efficiency, as well as the use of renewable energy sources, has been extensively investigated
and applied. Even though vigor is important, there are other equally important issues to
consider, such as significantly reducing usage, conserving metal and inorganic stockpiles,
treating and repurposing water using reprocessed resources, as well as recycling. Even so,
they have been given less attention and, more importantly, are still not practical on a large
scale. This Special Subject goes beyond the specific goals of energy redistribution and
efficiency, as well as the use of renewable dynamisms, and focuses on the sustainable usage
as well as use of natural resources in buildings and the built environment. Some, but not all,
of the Special Patient's priority areas include decreasing soil consumption, minimizing the
usage of raw materials in buildings, employing recycled materials and low-value materials,
and delivering and reusing both rainfall and storm water. Publications that relate to the
aforementioned subjects are welcome, especially if they take a holistic approach that engages

with much more than a culturally determined in a connected way and reflects the overall
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building design. Publications on plans, policies, legislative bodies, approaches, skills, design
techniques, decision-support tools, case studies, and experiments are also welcome. IDs that
really are theoretical, formal, and empirical will be regarded. The feasible use and
administration of natural capitals throughout building structures and the built environment
will require caution as well. Papers focusing solely on energy concerns in building structures
will be excluded. Opinion IDs will only be cautious if they highlight a suitable scenario for

future research that is supported by previous study findings [20].

A crucial task that is beyond the capabilities of the majority of small particle and protein-
protein docking technologies is attempting to anticipate the binding method of adaptable
polypeptide chains to proteins. On a collection of 19 non-helical peptides, we are now testing
the tiny specific chemical flexible ligand docking software Glide. We carefully increase pose
prognostication accuracy by expanding the Glide sample for adaptable polypeptide chains.
Additionally, post-processing using particles made it possible to do better calculations for
posture counting. The achievement rate rose from 21% with Avoidance Glide configurations
to 58% with the improved protein sampling then ability to score method when redocking to
the native protein building projects, measured using the best of the top ten scoring poses.
This method is up to 100 times quicker and comes close to the accuracy of the newly released
Rosetta k method. Only a small portion of instances when an unbound binding site structure
was available were passed, and in those instances, roughly half of the peptides docked
successfully. The extended proteins with a small number of formal custodies and a restricted
size are where the modified polypeptide technique is most accurate, according to our analysis

of the data, identifying a prospective application area for this method [21].

The purpose of this paper is to determine the primary research concepts studied inside the
literary works of resists in construction projects. two bibliometric analysis tools, were used
to examine the library and information science indices of documents and envision one‘s
interrelationships as a net, respectively. To uncover the main study melodies, a research
emphasis parallel ship network analysis and topic co-occurrence net examination were
carried out. The research was organized into three major groups: evaluating sustainable
development, project planning for sustainability, as well as drivers of sustainable building..
Whereas each paper had one different focus, the study suggests that the core principle of all

groupings was sustainability, building, and project management. While ‘sustainability' was
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the most important keyword in the primary cluster, evaluating conservation, it was the
second most important keyword in the other binary clusters, with an eigenvector centrality
of more than 0.94. that discovered that the concept of sustainability must be incorporated
into global construct from the early stages of design and survivability studies, and that it
ought to be supervised throughout the program’'s life. This evaluation revealed that previous
researchers studied sustainability in building projects using a wide range of mathematical
and statistical tools such as structural reckoning modeling and fuzzy decision-making
methods. This paper provides researchers with insights on how they can frame new research
to study sustainable development in buildings by using an integrated approach to identifying
the research gaps in this vicinity [22].

Achieving sustainability-related targets in construction schemes is becoming more common.
While some investors recognize it as significant, others hold opposing views. The results of
an explorative academic outcome interview sessions with 25 senior design managers from
the construction sector who are implicated in sustainable development in the some way are
reported in this article. The primary findings suggest that holistic sustainability initiatives
and ploys in the construction manufacturing life cycle have not been fully embraced.
Although all interviews were conducted in Nigeria, the outcome may well be applicable or

intriguing to other nations as well [23].

The inquiry's goal is to first define what sustainable development throughout construction
works remains. The significance of sustainability can vary greatly depending on the
viewpoint of a client and a building scheme manager, as well as within business entities and
through anomalous knowledge transfer. A thorough evaluation of the use of sustainable
construction language is then authorised, and an ideal for enabling a consumer to manage
sustainability substances in connection with building works but then verify this model within
such a specified context is identified.. Because the construction industry is complex and
disorganized, it has an tendency to oppose modifications that lead to sustainable
development. Clients and project managers face opposing barriers to implementing
sustainability, such as a lack of pro-active sustainable measures, battles over real and
apparent costs, and insufficient application expertise. A common misconception is that
sustainable development in building works is more cost-effective in terms of investment

costs when compared to 'normal’ normal buildings. It is critical to professionally transfer
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information from the research public to mainstream practitioners to aid in the execution of

corporate sustainable development without delay or misconception of research methods [24].

The climate law is a unique pillar of European Union policy, indicating, among other things,
a requirement for explaining environmental environment and personal possessions in all
kinds of business activity. Dispute between procedures as well as the natural habitat abound
in the construction industry. In order to achieve sustainable development in construction
projects, environmental flaws must be included in the scope of project risk management. The
achievement of the project's objectives in terms of time, cost, grandeur, protection, and
sustainability is thought to be aided by the effective management of risk. This article's
attention will be mostly on the latter feature. The best results from project risk management
come from methodical implementation across the whole life cycle of the construction
project. The type of building asset projects is significantly influenced by the special features
of construction activity, claims the text. They are ecologically demanding, both throughout
the building phase and during one's maintenance and bankruptcy stages, and they are linked
to bottomless and long-term disturbance in the typical environment. It calls for the
investment of significant sums of financial resources as well as the involvement of several
authorities and organizations in making choices at later phases of the life cycle of
ornamented buildings. In these projects, a wide range of interested stakeholders are involved
in different project stages to differing degrees. The findings of a survey of company owners
in the construction industry in 2015-2017 on the use of fuel and energy in the logistics of
these ideas are provided. This lays the groundwork for addressing the degree to which
entrepreneurs take sustainability concerns seriously. The hazard map for the construction
project shows the risks related to environmentally responsible development. Construction
projects must be carried out using energy-saving technological methods that enable the most
effective use of conventional resources throughout the building and maintenance phases, and

in the final stage will allow informal liquidation of the construction project[25].

The sector is without a doubt the largest and oldest industry in human history, and it plays
an actual important role in the socioeconomic development of a nation, especially in
emerging economies where the development of built environment and physical
infrastructural facilities is critical. This sector is fragmented, complex, and solitary in nature,

and it frequently faces persistent challenges such as time and cost overruns and massive
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waste generation. Furthermore, this industry has been blamed for being the greatest
consumer of common resources, putting him at the forefront of the quest for sustainable
development. The above paper examines ideas for sustainable performance of the project
and categorizes challenges to introducing sustainable construction in developing countries.
The research raises awareness at every level of development activities, and full investigation

as well as research for asset advancement and technological advancement are required[26].

Building production should play an active role in assisting labors in achieving global
sustainability. As a result, it is becoming increasingly important for construction
governments to deliver initiatives that address the environmental, financial, and communal
sustainability aspects. The purpose of this paper is to examine how building governments
actually engage in sustainable practices. This paper presents the findings of an investigation
conducted using a multi-method approach combining qualitative and quantitative data
analysis. Stages of full quasi meetings were held, followed by a sector review of 200 intra-
structural leaders in UK servicer and consulting firm organizations. The data analysis
revealed that building organizations are committed to green initiatives such as purchasing,
program management, waste disposal, whole life likely to cost, materials and resource
utilization, corporate accountability mechanisms, and community engagement in the
delivery of building projects. According to the survey results, construction institutions are
actively engaged in environmentally friendly waste management, which is influenced by
sustainable design. The findings show where contractors are taking any responsibility well

and where govs need to step up their efforts to implement sustainable practices [27].

Understanding how to critically evaluate scholarly publications is a crucial skill taught by
universities. It is crucial to provide students and professionals with the essentials for
appraising the honesty and value of current research given the diversity, amount, and quality
of publications accessible through print, electronic, and Internet databases today. It's not easy
to track down high-quality articles that you can read, understand, and critique. This piece
discusses instructive indicators for assisting the newcomer in making label sense of research.
Growing populations and increased demand for building materials raise new concerns about
the environmental impact of materials and their production processes. Forests and wetlands
are being depleted at an alarming pace to make way for development as a result of the strain

that a growing population puts on the Earth's limited supply of land and water. Unless artists,
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engineers, and lawmakers take drastic action, natural capitals will vanish because of the ever-

increasing need for basic building materials [28].

The percentage of construction projects using environmentally conscious practices has
increased dramatically during the last decade. Green building construction is gaining
popularity as politicians, celebrities, filmmakers, and journalists draw attention to the built
environment's contribution to carbon dioxide emissions and resource depletion. Higher
energy value systems, higher prices of building materials, and regulatory benefits are
undoubtedly driving production and expansion in the lemon construction sector. But there
are still challenges to lime construction, such as meeting budgetary targets for a lime project.
Traditional scheme management practices need to be modified if project managers are to
provide customers with environmentally responsible building rendering at a fair price. This
research aims to offer specific adjustments to conventional building techniques that will
improve the efficiency with which lime construction projects are completed. This article
provides an overview of research on the expenses and tendencies of green construction, and
then utilizes these results to create recommendations for greening program management in
the building manufacturing industry. Our research shows that a self-sufficient building
project may gain substantial value from greening plan methods while maintaining within
reasonable budgetary parameters. There is evidence that the odds of economic success for a
green plan increase when a cross-discipline side is included from the start and throughout
the project, as shown in a comprehensive study utilizing a medium present approach in order

to make to usual project management does [29].

The paper categorizes a construction's effect on the environment, people, and their health,
while taking into account its consequences. The authors propose an optimal combination of
construction in order to meet environmental control standards, which have an impact on the
environment. There are a few environmental material criteria that differ from conservative
materials. The purpose of this investigation is to create a method for ranking building
projects. The paper analyzes the construction options for one-flat dwelling houses. A few
options for selecting an optimal scheme are provided. The effect of construction on the
environment is discussed. The exam is carried out while taking into consideration the
building's living impact on the environment, as well as his economic and social situations..

The investigation comprises pollution of building physical production, construction
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procedures , taking into explanation building longevity, value, running cost then utilization
input of vigor . The multicriteria evaluation of the alternative solutions is complete, taking
into account not only the impact on humans, but also the impact on the environment. As per
the described enviro, financial, and qualitative standards, and with the assistance of a newly-
industrialized multicriteria technique, it was determined by calculating that a blockhouse,
typically made of bamboo materials, with the result of is by 6.6 percent a healthier alternative
than a wood constructing with the result of 0.286, complete from lumber and nutrient
materials, but worst result of 0.280 was in a building from old-sty (a wood- founded house
Is by 7.5 percent healthier than a brick household) [30].

This study focuses on the analysis and valuation of the ecological impact in the building
projects sub - division. This intends to propose a model for analyzing environmental resource
governance during the construction process. This industry has a high potential for negatively
impacting the environment through pollution, energy usage, and waste generation.
Ecological responsibility serve the ecological consequences and implementing appropriate
treatments for environmental resource governance. Innumerable life cycle evaluation
approaches are used to design a new model of environmental wealth management, beginning
with the factors that influence the setting. . The eventually results perfect takes such factors
into account as well as transmits several benefits from an organizational standpoint. Each
novel result is that the perfect could be applied on a micro - economic level as well as an
economic and financial level. The prerequisites for rearranging operational procedures and
policies with meaningful effect on resource usage within construction projects can be shaped
at a company equal by implementing this model. As a result, the goal for the construction
industry is to manage resource use efficiently while also restoring areas that may have been
affected by military missions [31].

Building manufacturing is a crucial industry that contributes to the country's wealth and
social and economic development. Inadequate waste management procedures in building
projects have resulted in ineffective results in reducing environmental impacts and
unauthorized removal. The said paper provides a review of current literature on building
waste management in Malaysia, as well as proposals that have put in place in the Malaysian
construction manufacturing industry. The trend of literature suggests that the Malaysian

govt's existing construction end up wasting organisational initiatives are insufficient in terms

20



of inert landfill to meet the rise in waste disposal. Furthermore, the initiatives used appear
inefficient due to a lack of implementation and implementation. As a result, it is critical to
close the gaps through more powerful and significant and improvements to current methods

in order to achieve efficient construction wing management [32].

The concept of "Sustainable development,” as characterized for the first time by the
Brudland Account, , has been central to various studies and practices. Adaptation of
environmental and energy policies to support financial development without jeopardizing
normal life in the global community forces states, foundations, institutions, the corporate
world, and non-governmental institutions, as well as other stakeholders, to use this method.
Eco-friendly and smart structures are the result of sustainable environmental policies in the
building sector, which is heavily responsible for resource extraction pollution and
consumption. Maintainable structures, also known as smart structures or green buildings, are
high-tech structures with control and automation systems. Architects, technicians, landscape
architects, equipment manufacturers, energy consultants, scheme managers, building
operators, and local managers are all working together to achieve this type of building
design. This same identification of potential threats and opportunities by following such
technologies, the choice of the right technical prowess for the company and the industry, the
acquirement of the these innovations from inner before external providers, and their practice
are all required for technology planning. Firms that invest in research and advancement
(R&D) in the future construction production of a world through strategic skill management
and can maintain their power to compete on a global scale will be able to establish a niche

for themselves after the market [33].

Motivation: This article seeks to conceive a structurally ideal green supply chain
organization based on natural resources, then link that organization's ideal performance
measurements and drivers to their respective causes. The model's design, methodology, and
approach include a critical evaluation of the aforementioned literature and a reliance on
narratives about resources, metrics, and authorities. Conclusions: Constructs are uncovered
by examining bury-organizational environmental activities, performance metrics, and
institutional motivations. Some of the suggested theories address the fundamental
relationships both inside and between the various constructions. Current research limitations

seem to be related to the fact that this model is still merely conceptual, with postulated causal
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links. The model and hypothesis must be empirically tested. Practical Implications: This
study has the potential to give managers with verified measurement balances that can be
used to assess the success or failure of an organization's application of best practices for
supporting sustainable industrial growth. There has not been a complete synthesis of
originality from a Thing that comes standpoint, followed by performance metrics, and
institutional drives. This line of thought is a beginning [34].

The incorporation of natural assets into productive technological processes generates direct
resource consumption again for satisfaction of product and service needs. Misappropriation
of environmental assets can be carried out in a complex, coordinated manner by
simultaneously satisfying more ingesting demands. The current generation clearly supports
the decay and sometimes reduction of natural resources caused by previous generations.
Future generations will bear not only the actual price of environmental deterioration and the
exhaustion of natural resources, but also the cost of the buildup of atmospheric pollutants
and toxic heavy metals in the environment, in addition to the loss of tropical forests and bio
- diversity. As a result, actual regard of a needs of future generations is required, even if this
implies additional costs for democratic structures that are only obligated to satisfy the

economic, social, and environmental demands and needs of the present generation [35].
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3. METHODOLOGY PROCESS

Estimates that are activity-based, detailed, or unit-based tend to be the most accurate of the
several methods for estimating costs because they employ information down to the most
granular level feasible. One of the many ways to calculate costs is to use one of the many
different strategies. The biggest number of people are able to comprehend and apply these
techniques of estimation because they are the most straightforward. The accuracy of activity-
based detailed cost methods or unit cost methodologies is dependent on the accuracy of the
information that is readily available, the resources that are used to construct the cost estimate,
and the validity of the grounds on which the estimate is developed. The majority of the time,
a work statement, in addition to a collection of drawings or specifications, is utilized in order
to specify the activities that make up the project. The analyst will break down each operation
into granular activities in order to list and quantify the amount of time spent on labor, the
cost of materials, the cost of equipment, and the cost of subcontractors. It is usual, when
estimating costs, to make the initial word in a description of an action a verb. This is done
in order to facilitate the estimation process. When explaining the task that needs to be
completed, utilizing verbs provides a definitive explanation while also facilitating clear and
concise communication. The total amount of the direct expenses can be broken down into
its component parts and then subtotalled. After that, indirect costs, overhead costs, potential
outcomes, and escalation are factored in, although this step is conditional on the specifics of
the situation. As more information becomes available, the estimate may be subject to
revisions in order to account for it. This is done in order to guarantee that the working
progress of the project and the budget for the project may be brought into harmony as fast
as possible, which will result in a reduction in the overall cost of the project. This should
include specifics regarding the most efficient way for monitoring and diagnostics, in addition
to the approach that will be taken to evaluate costs. In addition to that, a description of the
technique ought to be included here. In the course of his inquiry, the strategy that was
proposed was made up of three primary phases, all of which were executed in order to
accomplish the research objectives. The first step was to calculate the actual cost of the
project items, and the second step was to identify the cost weight of each type of project item
based on the efficient parts by making use of a method that was appropriate. This was done

by utilizing a strategy that was satisfactory.
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3.1 COLLECTING DATA

The process of gathering the relevant data for the thesis constitutes the initial phase in the
current methodology. In order to acquire the essential information from the lIragi market,
both interviews and a survey were carried out there. When compared to surveys that are less
personal, this type of research has the advantage of delivering the most accurate and
comprehensive information on the research subject. On the other hand, it does not allow the
researcher to investigate the interviewee's personal preferences and aims in the same way
that other types of research do. The scale and intricacy of the geographical level that will be
surveyed will decide the sort of survey that will be planned, and the process itself can be
divided into either one or two stages, depending on the specifics of the situation. When it
comes to selecting the type of survey to carry out, one of the most significant factors to take
into consideration is cost, as this is typically the responsibility of the local government, and
as such, it is one of the most important driving elements that is taken into account. In order
to strike a balance between the statistically required size of the sample and the precision of
the data that is obtained, a multi-level survey has been developed [31]. A multi-level survey
was used to facilitate the development of this compromise, which was then implemented.
Multilevel modeling is widely applied when dealing with the findings of difficult surveys
that include components such as multistage sampling, uneven sample probabilities, and
stratification. It makes it feasible to cover a larger sample with a lesser degree of precision,
but it does so without sacrificing the ability to identify characteristics that are essential for
defining the typology. This makes it possible to cover a larger sample. This indicates that
the purpose of the first stage is to collect the fundamental information that is required, and
that the specific, material, technical, or other qualities would be acquired in the second round
on a more select sample. In other words, the primary objective of the first stage is to collect
the fundamental information that is required. The principal assumption that is used in the
process of estimating the size of the sample is based on the appraisal made by an expert
regarding the number of projected building kinds. This is accomplished without making
significant changes to the fundamental ideas underlying categorization. Interviews that go
into a great deal of information "are an efficient method of inspiring folks to take part in a
more in-depth discourse about their own thoughts and experiences in a manner that is

qualitative. They offer a means of acquiring insight into how individuals evaluate the world
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and how others see it by providing a method of comparing one's own evaluation with those
of others." In addition, the interview questions were formulated in accordance with Iraqgi
initiatives and the historical context that was important to the matter at hand in the
questionnaire. This was done to ensure that the questions would elicit responses that were
adequate. This was done in order to guarantee that the questions were responded to in the
appropriate manner. It is the responsibility of the researcher to ensure that the interview
produces the intended results, and it is expected of the participant that they would contribute

to the research in an honest and open manner [17].
3.2 INDEPENDENT FACTORS

Insufficient information about the current process and the needed alterations in the process
flow that are accomplished throughout project execution continue to be challenges for
efficient process planning in construction projects. In many of the field procedures, the
planners continue to rely on manual process methods to collect information all the way
through the execution of the project. As a result, our understanding of the actual building
process is insufficient, fraught with the potential for error, and not always available on time.
In point of fact, the information problem accounts for 27 percent of the causes of disruption
in the building project [32]. In addition, the inability to integrate the information into a
flexible process modeling restricts the availability of alternative process planning and
contributes to delays in the process. to ensure that there is a continuous and effective flow
of information, communication, and cooperation among all of the involved participants in
the execution of the project. When there are significant differences between actual
performance and planned performance, "project control,” which is regarded as a function of
project management, “involves taking the appropriate corrective action (or directing others
to take this action), and it will produce the desired outcome in the project. " Considered a
component of project management, "project control” "involves comparing actual
performance with projected performance and adopting necessary remedial actions.” Project
controls, in its simplest form, are a group of instruments that cooperate to assist guarantee
that a project remains on time. They provide knowledge that, when combined with expertise
in people skills and project management, enables for correct decision making. Measurement
of anticipated performance in comparison to actual performance is one of the primary foci
of the project control process. Ongoing analysis of the performance of the project, with the
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goal of determining whether preventative or corrective actions are required, Keeping
information that is both accurate and up to date, depending on the output of the project and
any accompanying documentation, The provision of information that enables status updates,
as well as the forecasting and evaluation of progress, Providing forecasts that incorporate
recent changes to the project's budget and schedule, Monitoring the implementation of any
alterations or timetable revisions that have been granted permission. Sae-Hyun Ji et al.
presented the most important effective aspects in the project execution life cycle in [33]. [33]
They came up with a modified version of the technique for coming up with parameters,
which merges a big number of relevant elements into a small number of significant
parameters. They did this by coming up with a modified version of the original technique.
According to the proposed model, an estimate of the cost may be obtained by multiplying
the quantity-based adjustments to the parameters by their individual costs. Using a case study
that was carried out using a 24-residence construction project as the basis for the research,
comparisons of the estimation accuracy of the recommended technique and a CBR model
were made using a CBR model as the basis for the research. The strategy that was
recommended was effective in increasing both the overall accuracy of the cost predictions
and their level of consistency. A significant number of the model's influential components
may be simplified into representative models in order to get around the constraints that are
imposed by a typical cost estimating model. This may be done in order to circumvent the
limitations that are imposed by the model. The provision of a modified parameter-making
technique is the novel contribution made by this study. The study's overarching objective is
to achieve more precise cost estimations through the implementation of this procedure. In
addition to this, the cost model that was described is one that is capable of dynamically
reacting to the iterative requirements of recalculating the costs. This was discussed further
in the previous section. Variables that affect a structure's cost include, but are not limited to,
elements that both describe the characteristics of the structure and have an impact on the cost
of the structure. A project can be characterized by the influencing variables that are a part of
it, and as the number of influential components in a project grows, one is able to provide a
more accurate description of the project. On the other hand, if there are a great many factors
that have an influence, then there will also be a great many examples that need to be
estimated. As a consequence of this, it is critical to select the optimum number of

components in order to achieve the highest possible level of precision in the estimation. We
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investigate the price differences and similarities between cities across the nation. A survey
of relevant research literature [34] was used to identify the factors that influence preliminary
building cost estimates. For such vast endeavors, budgets in the hundreds of crores or
millions of dollars are typical, as is an innovative approach to administering the available
resources.As a prerequisite for the formation of communities with a stronger economic
position than the capital region [35], it is necessary to compile an inventory of pricing trends
in various regions of the country. There are faults in both the design documents and the
actual structure. The problem is exacerbated by the use of untrained laborers and the absence
of quality control throughout the construction process. Depending on the environment, the
concrete solidifies at various rates and the reinforcing rods corrode and crack. Rebuilding or
restoring the structure's components would incur greater expenses than demolishing and
reconstructing the structure [36]. The notoriously high resource demands of the construction
industry are a significant barrier to efficient resource management. Imported materials must
be thoroughly evaluated in terms of cost, availability, quality, and quantity [37]. The
relationship between particle shape and size in relation to gradations is inadequately
understood, and there is a paucity of data linking these characteristics to the mechanical
performance of materials [38]. Particles "graduate” based on their size and shape
distribution. The cumulative effect of these variables on the economy is substantial, and in
some cases catastrophic [39]. Accurate cost estimation is frequently a prerequisite for
effective budgeting. Throughout the planning phase, a project manager must consider
numerous factors, including inflation, interest rates, fixed and variable expenses, and
administrative expenses [40]. Despite the fact that parametric modeling and program
evaluation and review are examples of quantitative methodologies, some businesses prefer
qualitative approaches [41]. One can approach the issue from various angles, including from
above and below. You can use a top-down approach if you have simple access to historical
pricing information. Project managers have the most pertinent experience and therefore
make the most informed decisions. When an organization lacks sufficient experience, a
bottom-up approach that employs task-specific cost estimates and then aggregates them at

the project level may be advantageous [42].
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a. Delphi process

When it comes to identifying and ranking challenges for management decision-making, the
Delphi method in information systems research has shown to be an effective and extensively
utilized approach. In spite of this, the vast bulk of the earlier Delphi research that was done
did not use a systematic method. The Delphi methodology is generally utilized by
researchers when they are unable to apply alternative methods that provide greater degrees
of proof and when the material presented to them is either insufficient or subject to some
degree of doubt. The gathering of the expert viewpoints of a heterogeneous group of
participants is intended to facilitate the identification of areas in which all parties involved
can find common ground. When it comes to providing answers to research questions, the
Delphi method is a proven and tested approach. Finding a perspective that the vast majority
of experts in a certain field agree on is the first step toward accomplishing this goal. It allows
for the opportunity of reflection among the participants, who are able to modify and assess
their perspective in light of the anonymous perspectives of others voiced throughout the
session. This gives the possibility for reflection among the participants. The Delphi method
involves the participation of professionals who have knowledge of building expenditures in
order to accurately anticipate the results of likely future scenarios, determine the probability
of an event occurring, or arrive at a conclusion on a certain subject. As a direct consequence
of this, the participation of the professionals in the survey is made possible. In order to
determine how much money ought to be spent on building construction, the percentage
scoring approach that was described earlier in this thesis was applied, and it was used to
score each of the building's features. In order to properly identify all of the components that
are necessary for the successful functioning of the building project, the technique for
identification must adhere to a stringent approach. The first round of Delphi method presents

the effective main group of factors as in below

Table 3.1: The Main Used Material and The Alternatives in House Construction In Irag.

M1 Engineering Brick
M2 Concrete block
M3 Red Brick

M4 Poured concrete
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Table 3.2: Effective House Construction Factors.

F1 Transfer of materials to the site

F2 How to store materials on the site
F3 Space required to store materials

F4 Skills required to carry out the work
F5 The amount of waste from the materials used
F6 Work completion speed

F7 Floor height

F8 Building height

F9 Work hazards

F10 The cost of the materials used

F11 Durability of the materials used

b. WASPAS (Weighted Aggregated Sum Product Assessment)

New multi-criteria decision-making (MCDM) methods incorporate the weighted aggregated
sum product assessment (WASPAS) method. When it was first developed in 2012,
Zavadskas et al.23 recognized it as a helpful extension of the SAW and WSM. This
procedure's steps are outlined in the following. In the first stage, suitable evaluation criteria
and options are defined. Next, an equation serving as a decision-making framework is
presented (1). A decision matrix or template is a grid in which each row represents a possible
action and each column represents a criterion (price, storage, data transfer speed, weight,
volume and so on). As a result, DT's eij (eij; i=1, 2,..., a number of options (n), j=1, 2,..., a

number of characteristics (m)) denotes inputs.
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Using linear normalization, the obtained data of "DT" are rendered dimensionless in

Step 3: Use equation (2) for positive criteria like profit and equation (3) for negative criteria

like price. The linear normalization method yields the normalized decision matrix, NDMj;,

when the superior value is wanted (as in the case of profit) and when the inferior value is

desired (as in the case of cost), as shown in equations (2) and (3), respectively. This study

employs weights should add up to one.

Step 5: A dual optimality criterion is used based on the SAW, which is shown in Equations

below and the WPM, which is represented as in below:
Qi*"" = ¥m,(NDMij x wj
Qi =TI, (NDMij)"
where
NDM: normalized decision matrix
WPM : weights of the criteria of the decision-maker,

Qi performance index based on SAW and WPM approaches,

The computed as illustrated in the following equation:

Ql-WASPAS — AQiSAW + (1 _A)QiSAW

0.2 (QlWPM)

A= o2(QiSAW) + g2(QiWPM)

o is the standard deviation of dimensionless criteria

(3.2)

(3.3)

(3.4)

(3.5)

Step 6: The performance index QWASPAS | of alternatives is assigned for final ranking,

with the highest value of QWASPAS | at the top and the lowest value at the bottom.
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4. RESULTS AND DISCUSSION

House building projects are expected to be completed on schedule and under budget. Project
timelines and budgets often need to be adjusted at the last minute when it comes to
environmentally friendly initiatives. When working on a civil development project, you
should always be prepared for the possibility of claims, budget overruns, and timetable
changes. When considering a building's performance over its entire lifecycle, concrete offers
significant sustainability benefits over other building materials due to its inherent properties,
such as its strength, durability, resilience to extreme weather and hazards like fire, thermal
mass, recyclability, carbon uptake, and local availability. The material concrete is versatile
and simple to reuse. When concrete is delivered and mixed on the site, it produces relatively
little waste. After its original purpose has been served by a concrete building, the material
can be reused as a building material by being crushed and used as a component of new
concrete, backfill, or road base. It is possible to recycle and reuse even the reinforcing steel
used in concrete, which is itself commonly created from recycled materials. In the present
research, the conventional used materials for construction in Iragi houses building were
engineering brick, hollow block, engineering red brick and poured concrete. The challenge
is whither the used materials are sustainable or not. A comparison between the for types of
materials present a significant observation on housing project performance. Figure 1 shows
the rank of materials based on the effective factors in this type of projects. the selected factors

are the general building construction factors that cause overrun on building cost.
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Figure 4.1: The Rank of Used Materials in Building Houses In Irag.
Table 4.1: The Rank of Used Materials in Building Houses In Irag.
engineering brick | block | red brick | proud concrete
F1 Transfer of materials to the site 3 3 3 5
F2 How to store materials on the site 3 3 3 5
F3 Space required to store materials 2 2 2 5
F4 Skills required to carry out the work 3 2 3 4
F5 The amount of waste from the materials used | 5 4 4 1
F6 Work completion speed 2 3 2 4
F7 Floor height 3 3 3 5
F8 Building height 2 2 2 5
F9 Work hazards 3 3 3 2
F10 The cost of the materials used 4 5 3 4
F11 Durability of the materials used 4 4 5
3
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The effective factors tested and used to evaluate the house project’s cost.

WASPAS Results

DURABILITY OF THE MATERIALS USED 0.678
THE COST OF THE MATERIALS USED 0.626
SPACE REQUIRED TO STORE MATERIALS 0.745
BUILDING HEIGHT 0.596

FLOOR HEIGHT

WORK COMPLETION SPEED

THE AMOUNT OF WASTE FROM THE MATERIALS USED
SKILLS REQUIRED TO CARRY OUT THE WORK

WORK HAZARDS

HOW TO STORE MATERIALS ON THE SITE

TRANSFER OF MATERIALS TO THE SITE

0.000 0.200 0.400 0.600 0.800

Figure 4.2: The WASPA Score of Effective Construction Project Factors.

From the perspective of engineers, the most significant factors affecting the performance of
construction are construction techniques, improper planning, site management, construction
errors, a lack of labor and technical personnel, and productivity. The study employed the
ideation technique to generate ideas from a group of informants in order to identify crucial
design process elements. Methods are selected based on the quantity of interaction between
researchers and informants. Due to the fact that the informants in the current study were able
to communicate effectively with one another, ideation is an appropriate method of data
acquisition. Two separate ideation sessions, one with a government organization and the
other with a private developer organization, were conducted to identify the design

development phase factors that could affect project performance.
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Table 4.2: The WASPA Score.

Very effective | Neutral | Weak The factor is
effective | factor factor factor not belong to
factor this area
F1 Transfer of materials to the | 4 5 5 4 2
site
F2 How to store materials on the | 5 5 5 3 2
site
F3 Space required to store | 7 7 3 2 1
materials
F4 Skills required to carry out | 7 5 4 3 1
the work
F5 The amount of waste from the | 5 6 4 3 2
materials used
F6 Work completion speed 6 5 3 4 2
F7 Floor height 6 5 5 3 1
F8 Building height 7 7 3 2 1
F9 Work hazards 5 5 4 3 3
F10 The cost of the materials used | 6 7 3 1 3
F11 Durability of the materials | 5 7 2 2 4
used

The higher score was factor one which considered the planning and controlling a project's
materials. It is a crucial part of the process. The cost of materials is substantial in every
building project, making it crucial to find ways to reduce the money spent on their
acquisition. Large, unnecessary expenditures might also emerge from sloppy materials
management on construction projects. To begin, there is the possibility of tying up cash and
incurring interest costs on excess inventory of commodities if they are purchased ahead of
schedule. Even worse, if proper precautions are not implemented, items may decay or be
stolen while being stored. Examples include the need to keep electrical equipment away from
moisture, such as in a waterproof cabinet. Second, if certain materials needed for specific
tasks are unavailable, progress may be slowed and additional costs may be paid. Therefore,
project managers must prioritize the timely delivery of materials. In addition to the

monitoring phase of construction, materials management is an issue at any point in the
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process. It is possible that decisions about material acquisition will need to be made during
the preliminary planning and scheduling phases.

Table 4.3: The WASPA Score of Effective Construction Project Factors.

Transfer of materials to the site 0.728
How to store materials on the site 0.718
Work hazards 0.596
Skills required to carry out the work 0.640
The amount of waste from the materials used 0.713
Work completion speed 0.713
Floor height 0.649
Building height 0.596
Space required to store materials 0.745
The cost of the materials used 0.626
Durability of the materials used 0.678

In fast-track or extremely time-constrained projects, materials availability can be a major
factor in scheduling. As a time-saving measure, it's possible to use pricier suppliers or
shippers. The second effective factor is the needed space to store materials in the site. The
engineering brick, red brick and block need a wide space to storage, while, the poured
concrete need no space to store in the site. The final effective factors are the amount of waste
from the materials used and work completion speed. The poured concrete has no waste and

no need a high experience to implement the project.
4.1 THE PROJECT PERFORMANCE RESULTS

Maintaining ongoing awareness and control over the procedures involved and the different
ways in which expenses can grow is essential for successful construction management. To

make a dynamic prediction of a project's success, the present way proposes employing an
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evolutionary project success prediction model. In statistics, it's a term for a collection of
methods used to estimate the links between a dependent variable and one or more
independent variables. The actual value of spent money to house project through the project
time as shown in figure 3. It is clear that poured concrete is significant due to its cost and the

strength of this material in implementing project walls.
4.2 THE ACTUAL VALUE OF THE FOUR MATERIAL CASES

For project assessment to become an asset for the organization, project managers and
proprietors must believe they will profit from the input and be willing to put in the additional
work required. The benefit must outweigh the time and effort necessary to master a new
resource. In order to determine the extent to which additional project review and

development was deemed necessary.

AC (brick) AC (block) AC (red brick) AC (poured concrete)
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Figure 4.3: The Actual Value of The Four Material Cases.

The interviews seek to elucidate the perspectives of stakeholders on the following topics: the
perceived need for project follow-up and forecasting during the project; the labor associated
with carrying out follow-up duties contentment with the present circumstance. The possesses
the project or its resources bears the most responsibility for ensuring its successful

completion. In the data project, analyzing the already-existing data for the project, a
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simulation was created to investigate the possibility of SPI and CP conflicts. Isolating SPI
and CP conflicts required potentially immense pools of data, as doing so with the available
data was arduous and difficult to organize and understand. The simulation will provide
project schedules and compute the CP and SPI for each time period throughout the duration
of the project. The section then proceeds to identify instances in which CP and SPI present

information that is inconsistent.
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Figure 4.4: The Actual Value of SPI(brick).

Table 4.4: The Results of The Actual Value of SPI (brick).

WEEK | SPI (brick)
1.00 0.54
2.00 0.04
3.00 0.80
4.00 0.80
5.00 0.64
6.00 2.06
7.00 0.90
8.00 1.23
9.00 0.65
10.00 1.02
11.00 0.22
12.00 0.52
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Figure 4.5: The Actual Value of SPI (block).

Table 4.5: The Results of The Actual Value of SPI (block).

WEEK [ SPI (block)
1.00 0.49
2.00 0.04
3.00 0.72
4.00 0.76
5.00 0.61
6.00 1.96
7.00 157
8.00 1.12
9.00 0.59
10.00 0.93
11.00 0.20
12.00 0.46

38




SPI

1.40
120
1.00
0.80
0.60
0.40
0.20
0.00

0.00 2.00 4.00

SPI {red brick)

&.00 8.00

week

—a—5Pl{brick)

10.00

12.00

14.00

Figure 4.6: The Actual Value of SPI (Red Brick).

Table 4.6: The Results of The Actual Value of SPI (Red Brick).

WEEK SPI (red brick)
1.00 0.62
2.00 0.05
3.00 0.90
4.00 0.89
5.00 0.72
6.00 0.90
7.00 1.04
8.00 143
9.00 0.75
10.00 1.18
11.00 0.25
12.00 0.61
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Figure 4.7: The Actual Value of SPI (Poured Concrete).

Table 4.7: The Results of The Actual Value of SPI (Poured Concrete).

WEEK SPI (poured concrete)
1.00 0.50
2.00 0.04
3.00 0.73
4.00 0.74
5.00 0.60
6.00 1.92
7.00 1.79
8.00 1.18
9.00 0.62
10.00 0.97
11.00 0.99
12.00 1.00
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Figure 4.8. comparison of the cost performance index using different materials

Figure four shows the cost performance index based on the four types of materials. The
poured concrete is the best choice due to its characteristics in implementing the structural

projects.
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Figure 4.8: Comparison of The Cost Performance Index Using CPI (Brick).

Table 4.8: The Results of Comparison of The Cost Performance Index Using CPI (Block).

WEEK | CPI (block)
1.00 0.05
2.00 0.95
3.00 0.81
4.00 1.00
5.00 0.68
6.00 1.40
7.00 2.16
8.00 1.69
9.00 0.71
10.00 1.67
11.00 0.23
12.00 0.46
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Figure 4.9: Comparison of The Cost Performance Index Using CPI (Block).
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Figure 4.10: Comparison of The Cost Performance Index Using CPI (Red Brick).

The construction a financial plan for better and more efficient results needs a significant
budget, all anticipated expenditures for the duration of the endeavor have been accounted
for. Before work can commence, the project manager and contractor must construct a plan

that takes the budget into account. Several indicators are currently in place to monitor the
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project's development. It is also reflected if problems or unfavorable opinions are discovered
while the project is being executed. The cost performance index is one such metric that helps
evaluate financial and cost effectiveness. It functions as a price metric. This component plays
acrucial role in variance analysis. The CPI is used to evaluate a project's profitability relative
to its actual costs. For the CPI formula, actual cost and earned value are required inputs.
When analyzing the stated cost/schedule performance statistics of defense contractors, the
Cost Performance Index (CPI) is a crucial metric.The performance parameters can be used
to calculate an approximate estimate of the total cost and time required to complete the
project, allowing for early identification of schedule slippage and rising costs. This
prediction can only be accurate if environmental conditions remain unchanged from when
the model was created. Staffing changes and creeping scope are two examples of external

variables that may affect performance and should be considered.

Table 4.9: The Results of Comparison of The Cost Performance Index Using CPI (Red Brick).

WEEK | CPI (red brick)
1.00 0.06
2.00 1.21
3.00 1.03
4.00 1.28
5.00 0.86
6.00 0.89
7.00 1.48
8.00 1.16
9.00 0.68
10.00 1.93
11.00 0.29
12.00 0.59
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The results of project execution are defined by comparing the intended procedure to the
actual progress made at each stage of the project life cycle. The following metrics can be
used to monitor the project's progress in relation to its estimated schedule and budget. Many

perspectives can be used to enhance usability.
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Figure 4.11: Comparison of The Cost Performance Index Using CPI (Proud Concrete).

Earned Value and the calculation of the various indicators and indices are crucial to passing
the Project Management Professional (PMP)® Exam; therefore, familiarity with these
concepts is required. The Cost Performance Index (CPI) and the Schedule Performance
Index (SPI) are both beneficial metrics for measuring a project's effectiveness. The former
emphasizes time constraints, while the latter emphasizes financial factors. When both are
utilized, a project manager's estimation of the project's completion date improves. The CPI
offers insight into this exact topic. Earned value and actual cost are two categories of data
required to calculate the Consumer Price Index. Calculating the CPI involves subtracting

earned value from actual expenses.
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Table 4.10: The Results of Comparison of The Cost Performance Index Using CPI (Proud

Concrete).
WEEK | CPI (proud concrete)
1.00 0.05
2.00 0.98
3.00 0.83
4.00 0.80
5.00 0.70
6.00 1.38
7.00 1.20
8.00 1.50
9.00 1.09
10.00 1.40
11.00 1.67
12.00 1.47

4.3 DIFFERENCES BETWEEN PLANNED VALE AND ACTUAL VALUE

The value that was planned to be achieved by a certain date is referred to as the "planned
value." The actual value is another name for earned value, which reflects the quantity of
actual work performed. The earned value of a lagging undertaking will be less than its
projected value. Planned value and actual cost play a significant role in project management.
it is an all-encompassing project management system that includes templates for resource
and schedule administration and earned value analysis. Working on complex projects
necessitates a bird's-eye view of the team's progress, making it easier to react to setbacks.
BAC is the total PV for your project, whereas PV is the approved value of the work that
should have been completed through a given period. The difference between the initial and
ultimate budgets is the "Planned Value," also known as the "incremental budgeted portion”
for a particular event. Material requirements planning (MRP) primary function is to calculate
the quantity of basic materials and other components required to manufacture a product. The

three main components of material planning are inventorying what is already available,
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determining what will need to be made or purchased, and then making the necessary

preparations.
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Figure 4.12: Differences Between Planned Vale and Actual Value.

Table 4.11: The Results of Differences Between Planned Vale And Actual Value(Brick).

WEEK AC (brick) PV
1 25031.23 21635.83
2 347293 480032

3 50164.54 49770.83
4 493927.8 480032

5 9878555 9336515
6 1975711 1387213
7 2370853 1845128
8 3069254 2311498
9 3507719 2790118
10 3946184 3284473
11 4823113 3797742
12 5480811 4332794
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Resource planning (RP) is a process for ensuring that the right quantity of inventory is
available at the right moment for the manufacturing process at the lowest possible cost.
Therefore, RP improves the effectiveness, adaptability, and profitability of manufacturing
processes. The output of factory workers, product quality, and resource utilization can all
benefit from its application. In addition to facilitating revenue growth and stability, MRP
helps producers respond quickly to rising product demand by decreasing the likelihood of

production delays and stockouts.
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Figure 4.13: Differences Between Planned Vale and Actual Value(Block).

Materials are widely used in the manufacturing industry, and it is undeniable that it has
played a crucial role in the expansion and pervasive availability of inexpensive consumer
products, which has improved the standard of living in the majority of nations. Without a
mechanism to automate the complex calculations and data administration processes. There
are two primary categories of construction materials: Natural and artificial construction
materials include stone, wood, concrete, and steel, correspondingly. Before they can be used
in a building, both varieties typically require some form of processing or priming. The most

commonly used materials in my engineering consulting work are listed here.
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Table 4.12: The Results of Differences Between Planned Vale And Actual Value(Block).

WEEK AC (block) PV

1 22528.1 19472.25
2 31256.37 4320288
3 45148.08 35793.75
4 469231.4 4320288
5 938462.7 840286.4
6 1876925 1248492
7 2252311 1660615
8 2793021 2080348
9 3192024 2511106
10 3591027 2956026
11 4389033 3417968
12 4932730 3899515

Whether the project at hand is a modest residence or a world-famous office building, many
cladding clients are under pressure to reduce costs wherever possible. Cladding is more than
just a decorative finish; it also protects a building and its occupants from the elements. Why
bother with cladding if it does not sufficiently defend against the elements and other
potentially damaging environmental factors. After calamitous events such as fires, perhaps
this is why so many municipalities have implemented new masonry codes. Cladding

represents a negligible proportion of total building costs.
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Figure 4.14: Differences Between Planned Vale and Actual Value(Red Brick).

Brick is a common construction material due to its durability and resilience. Mortar is
typically used to plaster masonry walls to increase their strength, durability, and aesthetic
appeal. Although exposed masonry has many benefits, it is rarely used because it reduces
efficacy. Not only does exposing the brickwork allow visitors to perceive and appreciate the
building, but it also reveals the skilled labor that went into its construction, which is
something we enjoy doing. the cost of brick exteriors for commercial structures is less than
10% of the total. Instead of settling for a subpar facade that will be on full display to
passersby, it makes sense to invest in a superior option. Cladding is a permanent addition to
the external of a structure. The material's exterior structure and cladding may remain in place
while the interior components, such as appliances, office spaces, and even manufacturing
equipment, are replaced. This is quite common among brick structures, whether they are
historic residences or condominiums constructed from converted warehouses. Brick is a
great value because it requires little maintenance. It does not require painting, sealing, or

replacement.
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Table 4.13: The Results of Differences Between Planned Vale and Actual Value(Red Brick).

WEEK | AC (red brick) PV

1 28785.91 24881.21
2 39938.69 552036.8
3 56184.28 45736.46
4 553199.1 552036.8
5 1106398 1073699
6 2212796 1595295
7 2750190 2121897
8 3560335 2658223
9 4068954 3208636
10 4577573 3777144
11 5546580 4367404
12 6439953 4982713

Concrete is produced by combining cement, coarse aggregate, fine aggregate, and water.
The concrete's strength and durability must be adequate. In Ghana, concrete and reinforced
concrete are common construction materials. Concrete is available in a wide range of
compositions, coatings, and performance characteristics, making it suitable for a variety of
applications. This investigation focuses on both precast and site-cast concrete. The term
"precast” refers to a method of construction in which standard structural components are
produced off-site and then transported to the construction site for final assembly. To
facilitate the rapid and cost-effective construction of a large number of structures, these
components are manufactured using mass-production-based industrial processes. Precast
concrete has numerous advantages, including reduced labor requirements, material waste,
and volume, as well as enhanced environmental and construction site sanitation. Not only
do prefabricated materials expedite construction, but they also make it simpler to keep
laborers safe. The vast majority of concrete structures are made of site-cast concrete, so

named because the damp mixture is frequently placed and shaped at the construction site.
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Figure 4.15: Differences Between Planned Vale and Actual Value(Poured Concrete).

Cost estimation is an integral element of the planning phase of every construction endeavor.
After you have a clear understanding of how much more expensive precast concrete is
compared to poured-in-place concrete, your budget will be more accurate. The price of
precast concrete is determined by a number of factors, including the dimension and type of
concrete employed. Additionally, there is the complexity of your current undertaking.

However, don't worry; this page has compiled everything you need in a single location.

Utilizing prefabricated concrete components may expedite the construction process,
abbreviate the duration of the project, and reduce costs. Another advantage of using precast
concrete over poured concrete is that molds for precast objects can be fabricated to

accommodate any design. It could be structural, decorative, architectural, vast or small.
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Table 4.14: The Results of Differences Between Planned Vale and Actual Value(Poured

Concrete).

WEEK | AC (poured concrete) PV

1 23279.04 20121.32
2 32298.25 446429.8
3 45649.73 36986.87
4 459352.8 446429.8
5 918705.6 868295.9
6 1837411 1290108
7 2259423 1715969
8 2924999 2149693
9 3342856 2594810
10 3760713 3054560
11 4403503 3531900
12 5003980 4029498

Legislation and regulations can accelerate technological progress. Generally, concrete is
used for public construction endeavors. Up to one-third of Iraq's annual concrete production
is purchased by government agencies. This provides them influence in the transition to a
low-carbon economy, allowing them to transform the concrete industry alongside academics

and corporations.

In addition, the Waste Framework Directive mandates the recycling of 70 percent of all
construction detritus. Material passports are an additional viable alternative. The leftover
concrete debris from building demolition is typically discarded or sold for substandard uses,
such as road backfill. However, with the use of a passport, each piece of concrete would be
documented ‘from birth* and tracked throughout its existence, allowing for new recycling
and reuse opportunities. Finally, the cement industry should publish enhanced emission data

so that progress can be monitored.
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5. CONCLUSION

The aim of this study was to provide a novel cost estimation approach that could be used for
construction projects in Iraq based on different types of materials by developing a model that
may aid parties involved in construction projects in acquiring overall cost information at the
early stages of a project with minimal data. In the field of construction research, the Delphi
technique has proved to be an effective and extensively utilized method for identifying and
ranking management decision-making difficulties. However, the majority of previous
Delphi studies lacked a systematic approach. When researchers are provided with limited or
ambiguous data and have no other viable options for obtaining definitive answers, they
frequently employ the Delphi technique. This exercise attempts to identify common ground
by collecting the expert opinions of numerous individuals. Specifically, we used the methods

and techniques described below to achieve our goal:

a. The most cost-effective materials for construction projects were identified by
i.  data collection survey,

ii.  Interviews with experts in the field,

iii.  an exploratory examination of the relevant earlier research.

b. Selecting the appropriate application with which to build the model was the first step in
developing a WASPAS approach connected with alleviation. In addition to being easy
to implement and data-extraction-friendly. Before analyzing the data sets, they were
encoded.

c. The WASPAS method delivered potentially accurate project cost estimates by factoring

in the material characteristics, which can present a major cost model.

d. Finding an argument supported by the overwhelming majority of experts in the field is
one method to achieve this objective. Individuals are able to alter and evaluate their own

point of view in light of the anonymous opinions expressed by other session participants.
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5.1 FUTURE WORKS

The application of sustainable natural resources concepts to residential construction projects
requires a new strategy due to structural engineering's central role. To support the findings
of this study, additional research is required, and concrete recommendations should be made
to decision-makers in the construction industry. The construction industry would benefit
from a deeper understanding of the methodology underlying cost estimates and how they
compare to actual expenditures on supplies. This innovative approach to building
construction makes use of abundant natural resources, and the estimation method should

give it more weight.

54



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

REFERENCES

H. L. Guo, H. Li, and M. Skitmore, “Life-Cycle Management of Construction
Projects Based on Virtual Prototyping Technology,” J. Manag. Eng., vol. 26, no. 1,
pp. 41-47, 2010, doi: 10.1061/(asce)0742-597x(2010)26:1(41).

B. Ozorhon, C. Abbott, and G. Aouad, “Innovation in Construction: A Project
Lifecycle,” SCRI Res. Rep. 4, no. August 2016, pp. 903-912, 2010, doi:
10.13140/RG.2.1.1235.1203.

K. Ludvig and P. Gluch, “Life Cycle Costing in Construction Projects — A Case
Study of a Municipal Construction Client,” Third Int. World Constr. Proj. Manag.
Conf., no. January, pp. 1-10, 2010.

M. M. Khasreen, P. F. G. Banfill, and G. F. Menzies, “Life-cycle assessment and the

environmental impact of buildings: A review,” Sustainability, vol. 1, no. 3, pp. 674—
701, 2009, doi: 10.3390/su1030674.

S. K. Nagaraju, B. S. Reddy, and A. R. Chaudhuri, “Resource Management in
Construction Projects-a case study,” An Int. J. (ESTIJ, vol. 2, no. 4, pp. 2250-3498,
2012.

H. Kusimo et al., “Optimisation of resource management in construction projects: a
big data approach,” World J. Sci. Technol. Sustain. Dev., vol. 16, no. 2, pp. 82-93,
2019, doi: 10.1108/wjstsd-05-2018-0044.

A. Omran and A. S. H. Suleiman, “Identifying the Competence Components of the

Construction Project Managers in the Palestinian Construction Industry,” Eng. Proj.

Organ. J., vol. 7, no. 1, 2017, doi: 10.25219/ep0j.2017.00110.

D. Kozhevnikov, “Building a system for efficient use of resources in construction,”

MATEC Web Conf., vol. 193, pp. 1-6, 2018, doi: 10.1051/matecconf/201819305014.

55



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

M. Ahmeti, M. Sylejmani, and V. Aliu, “Effects of Sustainable Materials in
Construction, Environment and Health,” no. January, pp. 72-83, 2016, doi:
10.33107/ubt-ic.2016.17.

J. H. Miller, “Management and evaluation of alternative construction tasks,” no.

January 2006, pp. 3-17, 1992, doi: 10.1007/978-1-4899-0706-6_1.

S. Azhar, A. Nadeem, J. Y. N. Mok, and B. H. Y. Leung, “Building Information
Modeling (BIM): A New Paradigm for Visual Interactive Modeling and Simulation
for Construction Projects,” First Int. Conf. Constr. Dev. Ctries., no. August, pp. 435—
446, 2008.

M. A. Hafeez, R. Chahrour, V. Vukovic, N. Dawood, and M. Kassem, “Investigating
the potential of delivering employer information requirements in BIM enabled
construction projects in Qatar,” IFIP Adv. Inf. Commun. Technol., vol. 467, no. April,
pp. 159-172, 2016, doi: 10.1007/978-3-319-33111-9 15.

Z. Shen, W. Jensen, T. Wentz, and B. Fischer, “Teaching sustainable design using
bim and project-based energy simulations,” Educ. Sci., vol. 2, no. 3, pp. 136-149,
2012, doi: 10.3390/educsci2030136.

I. S. Vasilca, M. Nen, O. Chivu, V. Radu, C. P. Simion, and N. Marinescu, “The
management of environmental resources in the construction sector: An empirical
model,” Energies, vol. 14, no. 9, 2021, doi: 10.3390/en140924809.

E. K. Zaneldin, “Resource optimization of construction operations using AOA-based
simulation,” Int. J. Simul. Model., vol. 7, no. 3, pp. 146-157, 2008, doi:
10.2507/1SIMMO07(3)4.109.

P. E. D. Love, Z. Irani, and D. J. Edwards, “A rework reduction model for
construction projects,” IEEE Trans. Eng. Manag., vol. 51, no. 4, pp. 426440, 2004,
doi: 10.1109/TEM.2004.835092.

D. M. P, “Alternate Construction Methods for Sustainable Building Construction,”

no. October, 2020.

56



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

S. Burroughs and J. Ruzicka, “The Use of Natural Materials for Construction
Projects-Social Aspects of Sustainable Building: Case Studies from Australia and
Europe,” IOP Conf. Ser. Earth Environ. Sci., vol. 290, no. 1, 2019, doi:
10.1088/1755-1315/290/1/012009.

E. Conte, “Sustainable Use and Management of Natural Resources in Construction:
The Importance of Recycling,” Int. J. Environ. Sci. Nat. Resour., vol. 27, no. 1, pp.
1-3, 2021, doi: 10.19080/ijesnr.2021.27.556205.

E. Conte, “Sustainable use and management of natural resources in buildings and in
the built environment,” Sustain., vol. 10, no. 7, p. 10072472, 2018, doi:
10.3390/su10072472.

D. E. Hebel and F. Heisel, “CULTIVATED BUILDING MATERIALS
Industrialized Natural Resources for Architecture and Construction,” J. Chem. Inf,
Model., vol. 53, no. 9, pp. 1689-1699, 2017, doi: 10.1515/9783035608922-
CITATIONS.

R. K. Mavi, D. Gengatharen, N. K. Mavi, R. Hughes, A. Campbell, and R. Yates,
“Sustainability in construction projects: A systematic literature review,” Sustain.,

vol. 13, no. 4, pp. 1-24, 2021, doi: 10.3390/su13041932.

T. Zuofa and E. Ochieng, “Sustainability in Construction Project Delivery: A Study
of Experienced Project Managers in Nigeria,” Proj. Manag. J., vol. 47, no. 6, pp. 44—
55, 2016, doi: 10.1177/875697281604700604.

U. Persson, Management of sustainability issues in construction works processes
Management of sustainability issues in construction works processes, no. January.
2015. doi: 10.13140/2.1.4468.7684.

J. Bizon-Gorecka and J. Gorecki, “Risk Management in Construction Project: Taking
Sustainability into Account,” IOP Conf. Ser. Mater. Sci. Eng., vol. 471, no. 11, 2019,
doi: 10.1088/1757-899X/471/11/112069.

57



[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

A. H. Mahamud, “Challenges of Sustainable Construction in Developing Countries,”

no. February, 2022.

A. Opoku and C. Fortune, “Current practices towards achieving sustainable
construction project delivery in the UK,” Int. J. Environ. Cult. Econ. Soc. Sustain.,
vol. 10, no. December, pp. 41-57, 2014, doi: 10.18848/1832-2077/cgp/v10/55139.

L. Muhwezi, F. Kiberu, M. Kyakula, and A. O. Batambuze, “An Assessment of the
Impact of Construction Activities on the Environment in Uganda: A Case Study of
Iganga Municipality,” J. Constr. Eng. Proj. Manag., vol. 2, no. 4, pp. 20-24, 2012,
doi: 10.6106/jcepm.2012.2.4.020.

L. B. Robichaud and V. S. Anantatmula, “Greening Project Management Practices
for Sustainable Construction,” J. Manag. Eng., vol. 27, no. 1, pp. 48-57, 2011, doi:
10.1061/(asce)me.1943-5479.0000030.

M. Medineckiene, Z. Turskis, and E. K. Zavadskas, “Sustainable construction taking
into account the building impact on the environment,” J. Environ. Eng. Landsc.
Manag., vol. 18, no. 2, pp. 118-127, 2010, doi: 10.3846/jeelm.2010.14.

I. S. Vasilca, M. Nen, O. Chivu, V. Radu, C. P. Simion, and N. Marinescu, “The
management of environmental resources in the construction sector: An empirical
model,” Energies, vol. 14, no. 9, pp. 1-19, 2021, doi: 10.3390/en14092489.

Saadi Nurzalikha, Ismail Zulhabri, and Alias Zarina, “A review of construction waste
management and initiatives in Malaysia,” J. Sustain. Sci. Manag., vol. 11, no. 2, pp.
101-114., 2016.

M. Yilmaz and A. Bakis, “Sustainability in Construction Sector,” Procedia - Soc.
Behav. Sci., vol. 195, pp. 2253-2262, 2015, doi: 10.1016/j.sbspro.2015.06.312.

V. G. Shi, S. C. L. Koh, J. Baldwin, and F. Cucchiella, “Natural resource based green
supply chain management,” Supply Chain Manag., vol. 17, no. 1, pp. 54-67, 2012,
doi: 10.1108/13598541211212203.

58



[35]

[36]

C. Zaharia and D. Suteu, “the Natural Resources and Sustainable the Natural
Resources and Sustainable Development,” Cercet. Agron. in Mold., vol. 2741, no.
October 2014, pp. 93-101, 2011.

S. Naimi and M. A. Karimi, “Pavement Management System Investigation in Case
of Afghanistan,” Cumhuriyet Science Journal, vol. 40, no. 1, pp. 221-232, Mar.
2019, doi: 10.17776/csj.471334.

[37] S. Naimiand M. Celikag,"Problems of Reinforced Concrete Building Construction in

[38]

[39]

North Cyprus"”, 12th International Conference on Inspection, Appraisal, Repairs &

Maintenance of Structures, pp. 23-25, 2010.

M. Celikag, and S. Naimi. "Building construction in North Cyprus: problems and

alternatives solutions.”, Procedia Engineering, vol. 14, pp. 2269-2275, 2011.

S. Naimi, and H. Hrizi, "Risk Analysis of Slaving Floor in Construction Sites."
International Journal of Electronics, Mechanical and Mechatronics Engineering,Vol
9, no. 1, 1637-1645, 20109.

[40] S. Amhaimedi, S. Naimi, and S. Alsallami, “Assessment of a Decision-Making Model

[41]

[42]

for Monitoring the Success of a Project for Smart Buildings.”, Civil Engineering

Journal, 9(1), 127-142, 2023. doi: 10.28991/CEJ-2023-09-01-010.

A. H. N. Nimr, and S. Naimi, "Improving Performance of Project through Utilizing
Statistical Control Chart Based on Adaptive Management and Scientific
Engineering” International Journal of Intelligent Systems and Applications in
Engineering, vol. 11, no. 4s, pp. 587-593, 2023.

S. Naimi, M. Celikag, and A. A. Hedayat. "Ductility Enhancement of Post-
Northridge Connections by Multilongitudinal Voids in the Beam Web.", The
Scientific  World  Journal, vol. 2013, 2013, Article ID 515936,
https://doi.org/10.1155/2013/515936.

59



