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Abstract: Planned methods may be developed to improve theeety of building construction. The construction
business is profoundly impacted by the prevalerfcmaccurate cost and schedule prediction. The rstitegy to
improve the project performance is to evaluatenit@id sustainable materials using the artificediral network (ANN)
method based on the effective factors in constingtrojects in Irag. This strategy needs an effeatiethod to classify
the project input representation and specify thoeigte activity of each factor. This paper useghaid artificial neural
network to correlate and classify the sustainalyleritl of construction projects to evaluate theirfpenance. The
contribution of this method is the selection of Malti-Criteria Decision-Maker method (MCDM) based time and
cost-effective factors correlated with the artdicheural network method. A dynamic selection pdoce for project
materials may be created using the existing tectenas an evolutionary model for successful prajentpletion. The
MCDM observed that the appropriate sustainable fiahigas considered as the main factor with a i@rtk823 for cost
effect and 0.735 for time effect and the main iefice factor in Iraqi projects was the building heid he results present
superior functional cost evaluation results coteglavith the selection of hybrid sustainable materi

1 Introduction difficult to determine whether or not the projestiaking

Effective project management ensures that both tigatisfactory progress.
needs of the client and the business are satisflied.  Itis possible to estimate the quantity of certazeded
successful project accomplishes its goals whilgisga components from the blueprints. Even if you haymed
within its allotted budget and with minimal scopeep. Strategy in place, you do not need to rely on prior
The development of an appropriate model an@Xperience to make quantity estimates, provided the
methodology for cost estimating in constructionjgets is  Ultimate aim or job description is clear. An actera
vital to the success of a project. Users who umélertheir €stimate can only be obtained via the use of allisive
own cost estimating may find it difficult to putethesults Price estimating approaches, which in turn needenior
of current studies into reality due to the increlasedepth instructions and a substantial amount of iy%].
complexity of the cost estimation process [1]. Eifee ~Due to the need of accuracy in managing costsnastn
cost management is still the best approach to ingpst iS Not always easy. A project manager’s timeliretbaake
construction sector efficiency and decreasing timaber into account inﬂation, interest rates, fixed amatiable
of abandoned projects and unhappy clients. Howévere ~ Costs, and overhead [6]. Parametric modelling aogram
is still a challenge in determining the best apphom cost assessment and review are two examples of the more
control. To rephrase, several elements contribotéhe¢ Mathematical methods used by certain academic
time and money needed for construction projecte THnstitutions (PERT). You may either use a top-dawra
capacity to properly manage costs goes beyond wimgottom-up strategy. If you have access to price am
keeping track of spending and producing cost repditie the past, the top-down method will work well foruyo
ability to build with nearly flawless digital inforation and Decisions are best made by project managers whe hav
shifts in how businesses are conducted is driviregaation Worked on many comparable projects. For projectsnwh
to the construction industry's various cost contasicerns there is a dearth of prior information, an orgatiaramay
[2]. The Theory of Industrial Evolution simplifiethe benefit from bottom-up techniques [7,8]. These apphes
process of making great decisions by highlightihg t Use task-specific cost estimates before aggregtiterg at
significance of four key factors: "Accuracy, Tinmatss, the project level. Earned Value Management (EVMa is
Cost, and Completeness". In light of this, the tmision ~ cost-control method used in the field of project
sector is currently creating misleading and supetfs data management. It offers an impartial assessmenteo$tdte
[3]. Yet, the project's finances will decide itsjorturning ~ Of @ project by combining the factors of time, mprend

points. In the absence of a predetermined budges, i scope [9,10]. Specifications for a project are \iarglepth
descriptions of the project's tangible parameters.
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Everything from the overall square footage of aicdtire In order to achieve sustainable development, it is
to its floorplate size, height, interior and exedrdesign, necessary to carefully consider environmental iogpilons
floor loadings, heating and lighting requiremers,., is throughout the design and execution of buildingquts.
based on the building's intended use and anticdpat&here has not been a lot of research into findimgapy
occupancy rate. The total amount of money that ll medium between time, money, and ecological impact.
spent on the structure may be divided into fiveugeo Decision-making procedures have not been employed i
[11]. project scheduling issues, despite the fact thagusem
The specification describes in great detail thgjitla is necessary when choosing an execution methodé for
features of the project. The quantity of pavingemat, the project activity. In most cases, the length of tittakes to
number of lanes, the number of bridges, and oflkerents finish a project increases in proportion to thee Siff its
are all taken into consideration while designingad. In budget. The schedule for completing a project dépen
this regard, it might be useful to have a deepdreavily on the details of that project's design.aAsile of
understanding of the different materials used ie ththumb, the time needed to complete a project isctir
construction of buildings, homes, and other systemmelated to the scope of the task at hand. Buighlsalways
Careful preparation is needed for the last stagea ofthe case, and in many situations, if substantiditimtal
building's life cycle, which is the processing df i resources are used, the project's implementatioelitie
materials. In the planning and creation of anyding, the can be accelerated [17].
use of composites that are too difficult to deahvahould Price inflation must be taken into account, and the
be minimized as much as feasible [12]. Productsrttey longer it takes to complete construction, the mibrat
be made from recycled materials without the neediy inflation must be taken into account. When dealivith
processing processes in between. Even though theey enatters involving a government agency's financial
useless in their present condition, they can lstilbroken projections, this is of the highest significanceor Ra
down into usable parts. To avoid downcycling andtea project's final price tag to be accurate beforestroiation
they should be recycled without degradation in itpal starts, all expected expenditures must be accouoted
Manufacturers should do more in terms of systerfi8].
integration,  prefabrication, and even ongoing Sixty percent or more of a building project's costy
responsibility for the performance of their systesmme be attributable to labour. Workers' contributiorss &
sources claim, because it is unrealistic to expeptoject's success may be split into "direct" amtlitect"
tradespeople to understand and properly install tlmategories. We compare the labour costs of maj@sci
numerous interconnected systems that make up largeroughout the country. Compiling a list of pricibgnds
commercial buildings [13]. in chosen parts of the nation is necessary for the
A large toolbox and an array of methods are at thestablishment of cities with economic conditionpesior
disposal of those in the building industry. In addh to the than the capital region [19]. There are flaws i pfans as
time spent working and the task itself, the outputell as the actual building. The lack of a quatigntrol
accomplished and productivity at the site may beystem and the use of untrained workers are toebfam
determined via equipment and productivity contta.the the building defects. Corrosion and breaks in the
overall cost of the project remains unaffected,phimary reinforcing bars and uneven concrete settling anencon
goal of control is to remove waste in usage. Twdivy  problems with older constructions. Repairing amdaging
percent of Ugandans live in inadequate housingttist damaged parts of a building is also more costly].[20
number might be eliminated if the cost of buildinmgmes Factors affecting preliminary construction costireates
is reduced by 30 percent via industrialization [14] were identified via a literature review [21]. Tdesftively
Initial price estimates might be affected by fastsuch manage a large project's budget—which might rum time
as a site's soil and drainage characteristics aedsa hundreds of crores or millions of dollars—it is aoon to
limits. Because of the poor ground conditions, a&xtruse state-of-the-art tools and techniques. Cortgiruc
manpower is required for excavation, piling, andnanagement's notoriously high resource requirenssts
foundational construction. Damage and breakagenguria major roadblock to efficient resource allocatidine
handling, deterioration due to inadequate storageé aamount, quality, price, and availability of impaite
poorly managed storage conditions, and short ffeeire  materials are all important considerations. Thera lack
all potential causes of product waste in storadgg]. [1 of data that analytically links particle shape aizé as they
Mismanagement, shoddy accounting, and an inaliity pertain to gradation and the mechanical performaice
account for all firm cash all contribute, as doég t materials. Substantial, and in some cases catagtrop
supervisor's cavalier attitude. Storage on thedingl site  effects on the economy result from all of theseseai22].
for an extended period of time accelerates theadkgion. Therefore, the evaluation of hybrid sustainable
Requesting, ordering, receiving, inspecting, urnilogd materials using artificial neural networks based on
handling, storing, and distributing items are theges successful elementsin Iraqi building projecthesprimary
when most material is lost [16]. way to enhance project performance. The projecpsiti
representation must be classified in an efficieanner,

~ 346 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics

Volume: 10 2023 Issue: 3 Pages: 345-352 ISSN 1339-5629

construction projects
Halah Waleed Albasri, Sepanta Naimi

Development of a hybrid artificial neural network method for evaluation of the sustainable

and each factor's precise activity must be spekifia
order to correlate and categorize the sustainafileichof

external input (wlj) is then sent along to the Hamit
transfer function, which also gets an input of dnirthe

building projects in this article, and to asseseirth bias. For illustration, consider the following examof a

performance, a hybrid artificial neural

network igransfer function with a hard limit that only eveturns 0

organized. This technique adds value by choosirg tlor 1. Every perceptron neuron outputs a 1 if theimgut

Multi-Criteria Decision Maker method based on vhlés
that are both time and cost-efficient and are astetwith
the artificial neural network method. In order royde a

into the transfer function is larger than zero amd
otherwise. In order for a perceptron to categoigaut
vectors, the hard-limit transfer function partitsaie input

dynamic selection process for projects, the presespace into two regions. If the net input n is ldes zero,

approach is employed as an evolutionary projectess
model.

2 Methodology

The planned budget is the basis for all financial

projections and assessments of the project's pesfare.
The anticipated cost, however, must be evaluatesbéo

whether it can be used to make a fair assessmethieof

project. This study's results provide an innovadipproach
to employing artificial neural networks to traclketkotal

cost of a project and its construction when hybrid
sustainable materials are used (ANN). The approach,

this perspective, was created for the express parpb

monitoring the time and money invested in a certain

project. The existing plan will keep tabs on themltions
made to the project for the different kinds of winding

done. In order to put the ANN system to the test, w

utilized the real building's walls as a test subjét this

investigation, we used a control mechanism to ereat

budget deviations over time based on actual expmedi
The time and effort required to keep tabs on ptajests

the output is zero, and if it is more than zere, dtput is
one [25].

A+l

a = hardlim (n)
Hard-Limit Transfer Function
Figure 1 ANN transfer function
Figure 1 depicts the input space of a two-inputdhar

limit neuron with weights wl,1 =1, wl,2 = 1, anflias b
= 1. Classification space is cut in half by the isien

as they are incurred will be reduced by using thigoundary line L at Wp + b = 0. The bias b rotatés line

technique. Actual expenses were compared to thgeted
targets on a regular basis. Goals may be estabtlishex
weekly, monthly, or yearly basis, depending ongbepe
of the project.

2.1 Artificial neural network technique behaviour

such that it runs perpendicular to the weight matfi The
hard-limit neuron will generate a 1 as an outpitsifnput
vector is located above and to the left of lin&\then input
vectors are below and to the right of the lineHg heuron
produces a zero. The input space may be classified
number of ways depending on the values of weigthtées

An ANN uses a multilayer perceptron application to/ou give it. Unbiased categorization lines will alys

find meaningful patterns in data rather than mesadard
statistical approaches like linear regression eatite
correlation. Multilayer perceptron neurons are méale
resemble their biological counterparts [23]. Beeaofits
superior ability to capture both high levels of soction
uncertainty and better accuracy, ANN is widely ugetthe
industry. The ANN is maturing into a problem-solyin
modeller in the building industry. The constructeector
has found success in using ANN to problems likecst
prediction, safety, productivity, and risk assesstmé@/ hile
an overview of this application is given, the sfiesiof
how ANN may be used to the building sector areggds
over. Thereafter, the construction industry's feitwith
ANNSs is discussed in further detail. This artictenpares
and contrasts ANN estimation and prediction, exgddhe
robustness of ANN models, and considers whetheiobr

begin at the point of genesis of hard-limit neuroBg
including a bias, the neuron may handle input vegéirs
that are not perpendicular to the origin. The aquamying
diagram shows how this bias makes it possible teentioe
decision boundary further from the starting poihhe
nnd4db sample application may be run. You may chang
the position of a decision boundary, choose a miffeset

of inputs to classify, and watch as the networkrledo
accurately categorize those inputs over and ow&inag

2.2 Many criteria decision making

By breaking down a complex problem into a multi-
level hierarchical structure of objectives, criderisub-
criteria, and alternatives, MCDM help to define tiverall
choice operation. Using this framework, a good retep
can be chosen. Complex, unstructured, and mukitéac

they may be combined in a single framework [24]e Thjudgments are perfect candidates for MCDM's apfitioa

‘hardlim' transfer function is used in the perceptneuron

These standards do not describe a linear set afnspt

shown below. The sum of the weights assigned th earather, they take into account both physiologicatl a
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psychological factors. The subjective assessmerthef
decision maker may be factored in and quantifiéoighe
Many Criteria Decision Making) framework [26]. The
MCDM may be built with the help of the followingrie
easy steps:

of the overall cost to build a family home out obad is
attributable to transportation [34]. The authoraleated
that legal standards affect the logistics of busses in
order to promote long-term sustainability [35].

1) Determine the criteria weights by computing 8 Result and discussion

vector.

2) Compiling a matrix of all conceivable score

configurations.
3) Arrange the options in ascending order.

Every step henceforth will be elaborated upon f
greater clarity. It's likely that the evaluationteria will be
looked at, and that n options will be graded. Asadded
bonus, a realistic approach to figuring out whettrer
findings can be believed will be covered. Simpepstfor
data collection are outlined for the user, who thegguts
that information into the program to get the dekire
outcomes [27].

Step 1: Define Potential Solutions.
Step 2: To specify the parameters of the issue.
Step 3: Rank the criteria in terms of importance.

Step 4: Find out how the weights compare to ong

another.

The software tool will use the data to execute th

mathematical calculation and give weights to thega
depending on the data. A person may evaluate th
alternatives and choose the one that best fits thesds
once the appropriate weighted criteria have bederesh
into the appropriate places in the equation. [E&we et
al [29] and Abdullah et al [30] presented a newpatgm
to apply in solving the complex problems, they usSeeifly
algorithm and developed this algorithm with using
scanning method. Talib et al [31], Ali et al [32]cabin
Hasnan et al [33] used MC-GPSO algorithm to develop
method to solve large scale problems. A very spwtion

3.1 Many criteria decision making effective
factorsresults

The construction industry has a poor track recofd o

effectively predicting costs because key elemehtt t

affect costs are often disregarded or underestindte

HBack up his claims, the author performed researcthe

Iragi construction industry and found that the most
influential factors include: Successful construatio
businesses are built on a solid foundation of bédiaost
accounting. From Table 1, it was observed thatntlost
influential factor in building time and cost wasilding
heights. In addition, Table 2 exhibits that the duse
sustainable materials are not appropriate for tiugept
design. The MCDM value varies between 0.823 an89.7
for cost and time, respectively. As it was seeiable 2,
the geotechnical evaluation of the subsoil at tiogept site

is necessary in order to supply useful input datattie
esign and construction of foundations for the pdgh
buildings. Recording and collecting data on thegquits
costs and progress toward completion are crucigbth
l%anagement. Figure 2 exhibits the cost vs the nuwibe
floor data which also help the construction stake¢rs to

W{anage their budget for the project. The systeriges

an equation to exhibit the cost growth, which hgpedict
the project's overall cost with a single equation.
Furthermore, it necessitates evaluating actualldpreent
against projected outcomes. Profit maximizatiorinithe
allocated time limit while keeping the quality diet work

% an acceptable level is the major goal of costrob for

any given project.

Table 1 The influencing factors for this research

Influence factor s on building cost and time MCDM | MCDM
Number of floors in the buildir 0.6(¢ 0.6t
Type of used walls mater 0.6 0.64
Type ofslab: 0.6% 0.6
Walls materials guantiti 0.5¢ 0.57
Slabs materials quantiti 0.5¢ 0.5t
Project are 0.6% 0.6¢€
Building height 0.70 0.70
Type of external plastering and warg 0.6¢€ 0.6¢
Type of tilling 0.6 0.6¢
Site positiol 0.6¢ 0.5¢
Sites risk 0.6¢€ 0.57
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Table 2 The management of sustainable materials

No Factors MCDM MCDM
of cos of time
F1 | The used sustainable materials are available heasitk 0.71¢ 0.68¢
F2 | Theused sustainable materials are not appropriate for the project design 0.823 0.735
F3 | The inventory in the work site is not suitable fased materials in the proj 0.75¢ 0.70%
F4 | The used sustainable materials cannot be cherteglace 0.72¢ 0.64:
F5 | The contractor can efficiently deal with trequired materia 0.76° 0.67¢
F6 | Often the contract is obligated to pay dire 0.79: 0.72:
F7 | The payment is often obligated to purct 0.77¢ 0.66¢
F8 | The works must be continues as planned for thetefaror-paymen 0.73¢ 0.63¢
F9 Purchases are obligated to provide materials Wwéhptoject even if delay in wa 0.80¢ 0.72¢
F1C | Failure to make payments does not affect the supfplgw material 0.79¢ 0.657
300000
y = 18465x2 - 24452x + 68665
250000 R%=0,9997
200000
2
= 150000
g
100000
50000
0
0 1 2 3 4
No. of floors

Figure 2 The cost growth in building construction

3.2 Artificial neural networks- ANN model results neural networks. They have an exposed exterior |aye

A computer model that mimics the functions of humaor more concealed layers, and a concealed intEyer.
brain cells, an artificial neuron network (neuratwork). Input data There is no information unique to thetesy that
"Artificial neural networks" refer to computer sgsis that can be gathered from the transfer functions. Algothey
use ‘"learning algorithms," or programs that camere originally designed for use with a certaindckiof
autonomously make modifications, or "learn," whéreg connection, they may be modified to work with amk|
with new information (ANNSs). This idea was crucial type. The stacked neural network model used in the
providing the researcher with the information angroposed prediction approach is trained and eweduat
computations needed for efficient management oh botising three separate ANN models. The first versiothe
time and money. In order to achieve the same @NN model for structural analysis takes in fourutgpand
comparable effects when applied to artificial itigeince, outputs two. Second, there must be a total ofifipats to
neural networks, a subset of computer architecpults the wall but only two outputs. The third model, ative'll
lessons from the functioning of organic nerve systeThe call the foundation model, has two outputs andrgixts.
neural network may be thought of as a mathematickkep in mind that first-generation neural netwosaséd
function that takes in a series of inputs and retar series price estimation algorithms suffered from a numbér
of outputs that the user specifies. Artificial raur serious drawbacks. optimized performance with three
networks' models are consistent with those of lickl  different types of networks.
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Figure 3 The ANN classification results
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Cost model testing, as was previously said, is to
determine whether the finalized model is effectwel if
the targeted degree of generality was achievedeBstive
development influenced by earlier advice, the ideatiel
was developed to provide more accurate cost project
with no loss of accuracy.

Table 4 The ANN hybrid material selection for sustainable
building construction

No of | area cost USD ANN material
floors result:
1 100 34,000 BLOCK THRMI
STON
1 15C 64,60C | BRICK BLOCK
1 20C 75,14C | BRICK BLOCK
1 30C 107,78( | BRICK BLOCK

By taking this approach, the model was able to geae

The current system was designed, built, and pat infnore accurate cost projections without compromising

place to capture all data required for each profesample
set of real-world inputs is collected from the dataghtful

accuracy. Better cost estimates could be made tbkiag
strategy. The results of the system's calculatiars

owner and organized for use as a model. The purpbseProvided in the Tables 3 and Table 4 and the Fidure

this stage is to assess the program's infrasteiciod
decide whether or not it can support a reliablehogtof
data monitoring. Materials chosen for constructisihbe
heavily influenced by the building code, which dfies
the required levels of durability for various burilg
components.

y=x—-132x+3.72 )

If the right materials are used during constructite

building's functionality will improve. A three-stpr
skyscraper in Baghdad, Iraq, was under dispute.avée
concentrating our efforts on figuring out what hapgd to
the old structure.

Table 3 The building cost results using the devel oped function

depending on the preexisting framework.

5 Conclusion

This research aimed to give a novel cost estimation
method and selection of sustainable building ptejét
Irag by developing a model employing sustainable
materials. The main objectives of the present rebeare
starting with finding the effective factor in buiihd) cost
and time. The MCDM presented using appropriate
sustainable materials for the project design asnih@é
factor with a rank of 0.823 for cost effect and3% for
time effect. The second step is to investigate rtteen
influence factor in Iragi projects and the MCDM ebsed
the building height as the main effective influefeetor in
the present work. Based on the presented resut&\NIN
trained to specify the suitable hybrid materiaks tten be

No of floors | Aree Cost USIL used as suitable sustainable materials. the faligwteps
1 10( 34,00 and procedures were taken:
1 15C 64,60C a) A questionnaire survey, expert interviews, amd a
1 20C 75,14C exploratory review of existing research were used t
1 30C 107,78C ascertain the cost-effective components of building
2 10C 50,80C projects. Most Common Differential Mean and the
2 15C 96,52C Mean for the Most Important Factors.
2 20C 112 26¢ b) There were a number of stages involved in argan
2 30C 161'036 ANN model, the first of which was deciding on the
3 10C 87’60C program that \_/vould be used to construct the md_’dtel.
3 15¢ 166'44C erx[b!Ilty of Microsoft Excel was a major facton our
3 50C 19’-'596 decision to adopt it as our main cost estimatirg, to
T along with its user-friendliness and capacity ttraot
3 30( 271,692 data. Initially, the data sets were encoded bdjemrg
4 10c¢ 144,40 analyzed.
4 1( 274,36( c) Itis possible that the ANN method may providelwaate
4 20C 31€,124 cost estimates for projects.
4 30C 457,74¢
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