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In a construction project, especially in risky environments, subcontractors are considered
as important as the main contractor since most work is carried out by them. A crucial step
in building projects is choosing the finest subcontractor. When choosing subcontractors,
a variety of considerations must be taken into account. A poor choice of subcontractors
might cause a lot of issues when the job is being done. These include subpar work and
project length delays. Many things influence this process. From earlier studies, variables
that affect the choice of a subcontractor have been compiled. The main aim of the paper
is to predict the failure of the subcontractor by using a mix of several advanced technology
as BIM, machine leaning and building a system. The methodology of the paper is first to
use BIM to see the mistakes and unqualified quantity estimation by the subcontractors
which lead to increase the cost of the projects and hence failures of the projects. The
second step is to identify primary reasons for subcontractors’ failure and identify and
evaluate the major reasons why contractors fail on industrial projects in Irag. The third
step is to predict the performance of the subcontractor using three algorithms (logistic
regression, decision tree and Naive Bayes) with data collected from 234 projects and see
how the wrong selection of the subcontractors leads to incomplete projects in the future.
The variables that used in the paper include the most effective one, as change order effect
directly on the projects performance as well as cost, time, deviation, type of projects and
the rate of project completion, the low the percentage of completion the worse the
performance. The final step is to develop a system to manage the subcontract in different
projects stage. The results show that there is a different in the quantity estimated between
the actual and the estimated range between (5% to 15%) in several item of the building,
which consider high. the best algorithms for the is Naive Bayes as give accuracy about
97%.

1. INTRODUCTION

A building entity that enters into a contract with a major
contractor in order to do certain obligations in a project within
the scope of the whole contract, is usually termed as
subcontractor. It may provide labourers, deliver equipment
and materials, provide tools, and design services for the project
[1, 2]. Subcontractors are divided by Mbachu [3] into three
groups: 1) Those who perform certain trades like painting or
bricklaying are trade contractors; 2) Specialist subcontractors,
who perform specialized services like cladding, piping, tailing
etc.; and 3) Those who only perform services of labour like
foremen and common worker are the labour-only
subcontractors. Subcontracting was not used as frequently as
it is now in previous decades [4].

Construction of buildings is well known for being a hub of
traders with a range of skills. The size and complexity of the
projects undertaken, as well as the “one-time off project”
nature of its working environment, make the building business
unique. Due to the sector’s dynamic character, which needs
the acquisition of fresh technologies and cutting-edge
procedures in order to enable the supply of goods, the use of
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subcontractors has become vital [5]. The organization or
person in the construction industry who enters into a written
agreement with the principal contractor to carry out specific
project-related tasks in accordance with the general contract.
Beside who may also provide personnel, supplies, machinery,
tools, and designs. Laryea [6] revealed that subcontractors sign
contracts to carry out a contract’s components or sections.

In order to prevent a domino effect of business failures, the
construction sector must overcome significant challenges in
predicting firm failure and providing warning signs. The
majority of pertinent research have created models that, using
financial ratios, forecast the likelihood that a firm would fail
within a year. Several research has tried to include non-
financial information However, they could not provide any
evidence to suggest that this addition may enhance a model’s
ability to predict outcomes [7, 8].

Comparatively speaking, the proportion of subcontracted
projects has grown recently. Subcontracting can really
contribute between 50 and 90 percent, and it may even account
for up to 90 percent of the entire project value, during a
building process [9, 4]. Therefore, the subcontracting issues
are a topic of discussion among the influential people in the
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construction business. Subcontracting-related problems, on
the other hand, are among the construction industry’s key risks
that are frequently brought up in international discussions. The
date of completing delays [10], the safety of on-site personnel
is one of the dangers encountered that is frequently studied [11,
12], and the inability of parties to communicate throughout the
phase of construction [13, 14].

It was advised that enterprises employ other variables, such
as pricing, quality, delivery time, risk, prior experiences with
subcontractors, and reputation, to address the issue of
subcontractor selection [15, 16].

The success or failure of the project will depend on the
subcontractors’ performance, who handle 85% of the building
work [5]. Project completion delays are caused by
subcontractors’ poor planning, their incapacity to execute
quality assurance and control programs, and job safety laws
[17]. According to White and Marasini [18], delays in project
completion are brought on by poor communication between
the contractor and subcontractors during the building process
as well as by work not moving forward according to the
original timetable. Regardless of the complexity, scale, or
environment in which it is built, a project is deemed successful
provided it is finished on schedule, under budget, and with
acceptable quality [19].

Effective collaboration enhances project performance by
raising profit margins and lowering claims in addition to
ensuring timely, affordable, and high-quality completion [20].
Tayeh [21] talked about what causes problems and how long
it takes to finish projects in the Gaza Strip. He discovered that
certain jobs were transferred to a different subcontractor
without notifying the initial subcontractor. Another element
influencing a project’s success or failure is the main
contractor’s authoritarian attitude toward subcontractors [22].
Effective collaboration and mutual trust are two of the finest
markers of the advancement of building projects, according to
previous studies [23].

According to Daoud et al. [24], the top five factors
contributing to delays in construction projects were, in order
of significance, low labor productivity, ineffective
coordination and communication between stakeholders,
various bribery schemes, project financing delays, work order
changes, and unskilled labor. Out of the five types of risks,
Adinyira et al. [25] said that financial, resource, technical, and
management risks had a beneficial impact on the quality
performance of building projects. On a construction project,
improper risk management of subcontractors’ risks will have
a significant negative impact on the project’s performance
quality. According to Elhusseiny [26], low worker
productivity, owner payment delays, and delayed or
nonexistent delivery of equipment and building supplies all
contribute to project delays and interpersonal issues amongst
project participants.

In the Pacific Northwest region of the United States,
McCord and Gunderson’s study [27] interviews with twenty-
four subcontractors revealed that the most serious betrayal of
trust, which was enough to end a relationship for 75% of the
subcontractors surveyed, was post-award bid shopping by
principal contractors. Trust was identified as the fundamental
building block of good subcontractor-principal contractor
relationships.

The main difficulties that have not been addressed among
the enormous amount of research on subcontracting were the
subcontractors’ predictions before the specific project is
awarded and the standards used to observe the subcontractors
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throughout the building phase. Consequently, in order to
address that, these crucial difficulties will be resolved in this
study. The determining of the relationships between the key
success variables for subcontractors in the construction sector,
as growing engagement of subcontractors underlined the
importance of resolving these challenges. In broad terms, an
overall contractor can anticipate the advantages and
disadvantages of choosing a subcontractor. Once the
subcontractor’s performance or weaknesses have been
predicted, resource allocation may then be pre-planned. For
instance, if a subcontractor’s performance is subpar, additional
time, money, and labour resources are required to stabilize the
performance. Additionally, principal contractors possess the
choice and authority to choose the wanted subcontractors they
believe will be able to meet their needs. For instance,
subcontractors projected to perform well on “communication
skills” throughout the building stage are favoured above others
in a project with a high likelihood of redesigning. In
conclusion, it is more relevant to forecast performance and
manage subcontractors rather than examine subcontractor
practice in many aspects separately. The old method of
collecting cost information, which is prone to errors, continues
to be a challenge for contractor-led projects. This approach has
often resulted in the defeat of project objectives, destruction of
feasibility investigations that guided project investment, and
general undermining of project success [28]. However, with
model element features like size, area, object family type, and
productivity estimates, digital construction information flow
inside the 5D BIM process enables contractors, employers,
and project teams to provide precise cost and critical
estimation information [29]. Adopting BIM to improve project
performance on a single project is challenging. It is
considerably more difficult to broadly use methodologies for
projecting the influence of BIM on future projects. In order to
offer recommendations, some previous studies have employed
surveys to ascertain and evaluate project participants’
perceptions of the advantages and return on investment that
may be realized by utilizing BIM [30].

2. METHODOLOGY

The paper focuses on subcontractor performance by using
the means of the new technology as BIM, machine learning.
Thus, the methodology divided into several stages, the first
stage is the using of BIM to estimate subcontractor
performance, and the second stage is the use of machine
learning inn the prediction of its failure. And the last stage is
to build a system to manage the performance.

The main steps in the methodology, data understanding,
data preparation, data modeling, and outcome evaluation as
shown in Figure 1. This paper adds pattern identification and
design rules to these steps:

2.1 System understanding

Gaining a knowledge of the paper’s idea and the
requirements needed to accomplish its aims is the aim of
system comprehension. The performance metrics used in this
article to realize the project are often subcontractor failures
and their management. One way to describe them is as goals.
The geometrical and functional choices made during the
design process will determine costs, timetables, change orders,
and other elements that will be discussed. These choices will



be recognized and used as prediction standards for system
comprehension. Tools and technologies for the prediction set
are also identified in this stage. While BIM will be used to
compare the quantity between the estimated and real.

2.2 Data understanding

After system understanding comes data understanding. This
stage entails gathering and examining the information required
to meet the forecast goals. In order to do this, the data
according to the prediction criteria that were sought for using
data analysis tools throughout the data comprehension must be
grouped and classified. To get cost deviations and Excel or
Google sheet spreadsheets from past projects, the gathering
may be carried out using BIM. The next stage after gathering
data is to examine it to make sure it is accurate. Eliminating
data that doesn’t meet the analysis’s criteria—either too big or
too small—is one way to do this.

2.3 Data preparation

The process of getting data ready for modeling is called data
preparation. This is done in a few steps: data construction is
finding additional attributes that will be helpful for data
modeling; data cleaning is eliminating, correcting, or deleting
incorrect values; and data integration is merging data from
different sources, like BIM.

2.4 Data modelling

Building and assessing multiple models using various
modeling approaches is the process of modeling. To
demonstrate the impact of choosing the incorrect
subcontractor on the project’s performance, modeling is first
completed using BIM to extract variations in amount. Next,
we decide the algorithms to test; we evaluate the rival models

in light of the outcomes and the desired performance standards.

A programming package for the ML and an interpreted
programming language are needed to accomplish the method
described in this article. Python is the tool that is suggested as
an interpretative programming language in this article. The
provided data will be utilized in logistic regression, decision
trees, and navies byes modeling. At the conclusion of the
modeling process, the predictions made using these methods
are shown.

2.5 Data evaluation

This step compares the results of the three techniques used
for modeling.

Data
System Data modeling |

understanding | understanding

| I \ Evaluat o« | /

Results

Figure 1. Proposed method

3. RESULTS

The results of the using of each part of the methodology as
follow:

3.1 BIM for subcontractor performance

Three case studies were taken for different type of school,
12, 18 and 24 classes, these schools were awarded to
subcontractor in order to be implemented and during the
progress of work several problems arise, and change orders
cost deviation and other. Each case study was modelled both
structure and architectural to estimate the different.

Only a few metrics were employed to characterize project
performance (PP), including construction management, on-
time completion, quality, and cost [31], which are usually
referred to as “the iron triangle” by which the construction
project’s performance could be evaluated as well as its success
degree [18].

Due to the fact that both “schedule” and “cost” could be
examined objectively, both elements were designated as the
most typical performance indices [32, 33]. Even if the concept
of “quality” was difficult to quantify, the pleasure of the
project’s owner still depends on this specific building quality.
Due to the fact that project managers are accountable for
balancing the project’s quality, cost and schedule. Several
projects were taken in order to prove the hypothesis which
indicate that the subcontractor must use BIM as too for cost
estimation. In Figure 2, the building was modelled by using
BIM. As Figure 2(a) shows the architectural form of the
building and Figure 2(b) the structural form of the building.

(b)
Figure 2. Structural and architectural model for 12 class
The same was repeated for different projects in Figure 3.

Determining the criteria used for observing subcontractors
throughout the building phase and evaluating subcontractors’
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performance prior to project awarding are hence the research
aims of this study.

(b)
Figure 3. Structural and architectural model for 24 class

As the subcontractor, a several deviations occurs between
the tenders and actual work and thus return to the disability of
the subcontractor to work as planned. Figure 4 shows the
calculation in three different methods, tender which mean the
cost as provided originally by the main contractor, estimated
which mean the cost calculated by the subcontractor and actual
represent the cost calculated by BIM.

(b)
Figure 4. Structural and architectural model for 18 class

Figures 5 and 6 represent the deviation between the three
calculation in curves. After these case studies were taken, it
should be noted several issues with subcontractor management
and hence need to be predicted to take a preventive action.
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3.2 Al for subcontractor management

The data used for the prediction collected from 234 projects
of different types (residential, road, electrical, water projects).
Each projects contain the following information (type of
project, additional time, additional cost, percentage of
completion, change orders, deviation, performance of
subcontractors), the factors that used in the prediction as
shown in Figure 7.

The algorithms that used for prediction (logistic regression,
decision tree and Naive Bayes).

Random forests, sometimes referred to as random selection
forests, are a method of ensemble learning of regression,
classification, as well as other missions that employs a large
number of selection bushes to train before producing the
elegance, which is the mean/common prediction (regression)
of the individual bushes. The problem of selection bushes
overfitting their educational set is solved by random selection
forests. In most situations, random forests perform better than
preference bushes, although they are less specialized than
gradient enhanced bushes. On the other hand, data attributes
may also have an impact on how well they work.2020 and
2021, respectively, by Piryonesi. The BCR prediction tool was
created in Python and offers prediction models for 4 different
sets of rules [34, 35].

During the training phase, every feature variable in the data
was employed. The predicted events are listed, and the
confusion matrix’s findings are made public. As can be
observed, the great majority of estimated transactions are
contained in the “True-True” category. Regression using logit.
A sigmoid function that depicts it is illustrated by Figure 8.

Completion
Deviation

technical
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Time Management Contractor
Performance
Cost Change
order

o{  financial )

Figure 7. Prediction variables
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Figure 9. Logistic regression [36]

To anticipate the output values, weights or coefficients are
blended linearly with the input values. It designates a binary

variable with simply the 0 and 1 possible values. Its goal is to
create a mathematical formula that will give us a score
between 0 and 1 as shown in Figure 9 [36].

A decision support tool called a decision tree employs a tree
like graphical representation which is often used for
explaining the decisions with their consequences, containing
utility, resource costs, and outcomes from random events. It’s
a tool by which an algorithm can be displayed.

In a decision tree, each class label is represented by leaf
node and test results are represented as branches, while every
internal node resembles a “test” property (for instance,
whether a coin will fall on its head or tail) (decision
determined by calculating all characteristics). The routes
between root and leaf indicate the rules of classification [36].

A probabilistic classification model is created from
previously evaluated attributes using a Nave Bayesian
classifier, which is based on Bayes’ theorem. The filtration
process of mail for antispam in which the filter is trained to
extract the spam from legitimate mail automatically,
represents its most common use. in the binary fashion [37, 38].
By doing this, it is possible to discern between spam and valid
emails by matching each characteristic to terms found in both;
the latter are then prohibited by a trained filter. As shown in
Table 1, it consists of seven variables that mentioned earlier.
Type of project was sample by number as (1= electrical,
2=water, 3= road, 4=residential) projects while cost symbol by
(1 or zero) which mean the former that cost added where the
later there is no cost added. The class on the other hand,
represents the performance as 0 indicate low performance and
1 indicate a good performance.

Table 1. Subcontractor performance factors

No. City and Author(s)

Factors Affecting Subcontractors’ Performance

1) Inadequate management techniques
2) Negative sentiments in subcontracting firms

South Africa  [39]

3)

Insufficient working capital
4) Intense rivalry
5) A lack of skills

1) Subcontractors’ level of service quality

Pakistan [40]

Nigeria [41]

Malaysia [42]

Jordan [43]

2

) Insufficient collaboration

3) Excessive material waste
4) Challenging to organize task
When to use a variant order
2) Average lateness in receiving monthly payments

3) Delays in fixing errors

4) Arrival time of materials

5) Accidental time spent

6) Cash flow for the contractor on the project

7) Cost of materials and equipment

8) Variation order costs
9) Waste of materials
10) Cost of safety

1) Poor abilities of subcontractors

2) Safety concerns
3) Partnering difficulties
4) Payment issues

1) The subcontractor’s expertise
2) Technical expertise, background, and licensing
3) Concerns about health and safety

4) Complexity of the project

6)

5) The work schedule and the private bidding of the subcontractor

Superintendent proficiency

7) Project manager rapport and correspondence
8) Environmental aspects and financial resources
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Table 2. Sample data

Type of Projects  TIME COST COM CHANGE DEV CLASS
1 231 1 82 12 18 0
1 284 0 0.1 1 0.65 0
1 91 1 1 3 0 1
1 323 0 0.75 0 0.1 0
1 162 0 0.15 12 0.85 0
1 376 1 0.59 0 0.26 0
1 0 0 0 0 0 1
1 178 1 1 3 0 1
1 0 0 0 2 1 0
1 405 0 0.65 1 0.15 0
1 213 0 1 3 -1 1
1 0 0 0 2 1 0
2 215 0 1 3 0 1
1 0 0 0 6 0 1
2 36 0 1 3 0 1
1 0 0 0 6 0 1
1 0 0 0 6 0 1
2 0 0 0 6 0 1
1 0 0 0 6 0 1
Table 3. Correlation matrix
Type of Project  TIME COST COM CHANGE DEV CLASS
Type of Project 1 -0.20705  -0.1568  -0.11784  0.095716  -0.16801 0.165549
TIME -0.207052 1 0.190534 0.070385 -0.06072  0.118682 -0.094516
COST -0.156798 0.190534 1 0.185556  -0.20598  0.067377 -0.083999
COM -0.11784 0.070385 0.185556 1 0.173722  0.052467 -0.101419
CHANGE 0.095716 -0.06072 -0.20598 0.173722 1 -0.11379 0.1756
DEV -0.168009 0.118682 0.067377 0.052467  -0.11379 1 -0.175943
CLASS 0.165549 -0.09452 -0.084 -0.10142 0.1756 -0.17594 1
2500 Figure 10 shows the relationship between the first three
= TIME variables with all others and Figure 11 show the last three
2000 . .
COST variables with all others.
1500 After that, a correlation matrix was plot to see the
connection between each variable and the class as in Table 2.
1000 Then, three algorithms were applied to see the accuracy of
500 each one and to see how to get better performance. The results
M | | ‘ ‘ of the three algorithms are shown in Table 4.
0 L1 |

Figure 10. Relationship between three variables

15

uCOM

Figure 11. Relationship between the last three variables

10

The data was gathered from 234 different projects and with
the main featured, in the first step a relation between each
variable and the performance was drawn.

The next step was to find the correlation between the
variables. Table 2 shows a sample of the data that used in the
paper. Each factor correlation with other were calculated as
Table 3.
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Table 4. Algorithms accuracy

Analysis Method Accuracy
Decision tree Decision tree 0.96
Logistic regression Logistic 0.77
Naive Bayes 0.97

Entropy is simply our dataset’s uncertainty or a measure of
disorder. Let’s say a group of pals chooses the Sunday movie
they will see together. Everyone is now required to state which
of the two movie options—"Lucy” or “Titanic”—they chose.
Following everyone’s response, “Lucy” receives four votes,
while “Titanic” receives five. Now, what movie are we
watching? Given that the two films had about the same number
of votes, isn’t it difficult to select only one? The fact that both
films received the same number of votes and that we are
unable to determine which to watch is precisely what we refer
to as disorder. The decision tree classifies two class either yes
or no, in our case it classifies the performance either good (1)
or bad (0).

The sigmoid function is referred to as an activation function
for logistic regression and is defined as:



F(x) = (1)

1+ e~

where, e=base of natural logarithms; value=numerical value
one wishes to transform.

e(b0+b1x)

2

1 + gb0+bix

where, x=input value; y=predicted output; bO=bias or intercept
term; b1=coefficient for input (x).

In our case, there are many input variables such as time, cost,
complete, change order, and deviation. Accordingly, Eq. (2)
becomes:

o(b0+b1232+b263.1+b318+b415+b582)
= 1+ ¢b0+b1232+5263.1+b318+b415+0582
Y=0.001
PX = xp [Y = y)P(r=yi)
¥ = yilX = x) iPX=x [Y = y)Pv=y)
P (Ycosa +cosf = ZCOS%(a +ﬁ)cos%(a -B) =
1
T 1te*

Yix)

When the total in the denominator is over all permissible
values of the random variable Y, and ym indicates the mth
possible value for Y and xk the kth possible vector value for
X. Using the training data to estimate P(X|Y) and P(Y) is one
method of learning P(Y|X). Then, we can use these estimates
along with the previously mentioned Bayes method to find
P(Y|X = xk) for each new occurrence of xk.

Table 4 illustrates that the average values of classification
accuracy of Na'we Bayes, decision tree, and logistic regression
as Nawe Bayes has achieved 0.1% higher average
classification accuracy results in comparison to decision tree
and about 2% than logistic regression.

For classification issues, logistic regression is employed.
The Logistic regression problem’s outcome can only fall
between 0 and 1. When probabilities between two classes are
needed, such as true or false, 0 or 1, logistic regression can be
applied. The foundation of logistic regression is the idea of
Maximum Likelihood estimation, which makes use of the
sigmoid function and yields a curve known as the S-curve or
sigmoid curve. The primary requirement is that the data be
linear [44]. The following are some advantages of logistic
regression. First, a substantial association between the
dependent and independent variables may be demonstrated via
logistic regression. Secondly, the influence of variables
assessed at various scales, such as the impact of price
adjustments and the quantity of promotional activities, may
also be compared using logistic regression analysis. This
advantage aids in the process of removing and assessing the
ideal collection of variables to be employed in the construction
of prediction models by market researchers or data analysts.
Third, in addition to being a classification model, the logistic
regression model also yields probability-related data. to have
a superior outcome Prior to employing logistic regression,
each independent variable needs to have a valid value. Second,
multinomial and categorical results may be accurately
predicted using logistic regression. Third, because our input
data is not between (0.1), there is no multicollinearity between
the variables in the dataset [45-47], which lowers the accuracy.

Decision trees are the supervised classification method most
frequently used. Learning and categorization are components
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of decision tree induction. Decision trees may be used in any
area because these procedures are quick and easy to follow
[48]. The following are some benefits of employing decision
trees:

* Extremely low complexity: This method is simple to apply
and doesn’t require a high level of statistical knowledge.

* Beneficial for data exploration: The decision tree approach
is one of the quickest for producing or identifying new features,
therefore it may also be used for data exploration.

* Requires less steps for data cleansing - In contrast, it
remains unaffected by missing values and data.

* No limitations on data types: It has the ability to handle
both category and numeric variables.

* Non-parametric approach: The decision tree method does
not assume anything regarding the geographical distribution
because it is non-parametric.

The drawbacks of decision tree algorithm:

* One of the main practical issues influencing the decision
tree model is overfitting. However, overfitting issues can be
reduced by trimming and imposing model parameter limits.

* Unsuitable for continuous variables - When classifying
variables into different groups, the decision tree loses some
important information [49].

Naive Bayes give the highest accuracy as this this algorithm
has several advantages as follow:

» Handles both continuous and categorical characteristics;

* Is easy to understand and computationally efficient;

* Functions well with high-dimensional data;

* Works well with limited training datasets [50].

The comparison between the algorithms is as shown in
Table 5:

Table 5. Comparison between Naive Bayes, decision tree
and logistic regression [51, 52]

Naive Bayes Decision Tree Loglst{c
Regression

Non-deterministic Deterministic Deterministic

Huge data Large data Smaller data

It can deal with noisy It can deal with It cannot deal
data. noisy data. with noisy data.

For obtaining good

results it requires a very High accuracy Good accuracy

large number of records

3.3 A system for the management of subcontractor

One of the main problems in the management of
subcontractor is the weakens in the coordination between the
main contractor and the subcontractor, therefore a system was
built in order that the subcontractor make a daily, weekly or
monthly report to avoid the arising of the problems. The main
methodology shown in Figure 12.

The basic steps of the proposes system as follow:

1. Determine the subcontra or information

2. Identify the attributes for each subcontractor

3. Determine the projects activities

4. Determine each problem with its related description in
order to quantify the amount of the problem

5. Determine the effect of each problem that occur in the
projects

6. Compare the highest issue identified for each factor to
each

7. Importance value for the most important issue for that
factor



8. Then select the significant problems and send it as report
to identify the preferred alternative, which provides the

greatest amount of importance for the least amount of cost

/ Enter subcontractor information

!

'

Project description

{

Daily activity

!

| Problem description |

l

Communication

Figure 12. System flowchart

Titke

Projects Description  Daily Activity  Problems | Chart | Email

SubContractor Name

ahemd

Aim of Projects

company [

rocts spoce [N

Figure 13. System interface

The date of preparing the ground

Number of staff

Number of Equipment

e type of sub contract

projetct date

Figure 14. Project description

Each node describes a function of the system as explained
as in Figure 13 that explain the interface of the program that
required a general description of the user, Figure 14 show the
project description in term of cost, time, stuff, equipment and
other information. The next step is to move to the lowest level
which is the problem description as shown in Figure 15 in term
of each problem effect and significant.

After project description, each problem encounter in the
project will be described and then plotted.

The code that is used to program the app. Is as follows:

staff={‘Problems’, ‘Field’};
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if
~isempty(find(stremp(selectedNodes. Text,staff),1))
enableForm(app);
else
app.NameEditField.Value = “¢;
app.sigEditField.Value = 0;
app.EmploymentEditField.Value = “¢;

4 MATLAB App - O

STAFF INFORMATION

» Problem
» Field

Name | time

Name sig Emoplyment

time: contractor

| low

sig

Effe v|

Figure 15. Problem description

After problem description, it will be displayed in chart to
make it more understandable in term of plot as shown in Figure
15.

The final step is to send a report to the owner that state all
problems that occur during the projects which explained in
Figure 16.

The application of this system can be used in general
construction projects in order to supervise the subcontractor
and make a contact between the main parties of the projects to
make a solution in time to prevent the failures of the project.

& MATLAB App - o bs

changeQrder  devation performance

12 18.0000

0.6500

0.1000
0.8500
0.2600

0
1.0000
0.1500

-1.0000

INSERT

Button2

Figure 16. Problem chart

4. DISCUSSION

As seen in the resulted, the use of BIM in subcontractor
management is very necessary. Nearly all construction
industries are developing Building Information Modelling, or
BIM. This presents a number of opportunities and problems
for cost management, often known as BIM 5D, as local
procedures must be modified to meet information modelling
requirements.

It also outlines the steps that must be taken in order to fully
utilize the BIM approach for cost estimating. The information
model’s present use is examined in a case study with respect



to the typical object’s cost calculation. More collaboration
between subcontractors and contractors, as well as the
interface points across scopes, is made easier by BIM.
Ultimately, this allows subcontractors and contractors to
describe the costs associated with their particular project
duties, which they may then add to the model to update cost
estimate estimates.

As it can see there are three comparisons have been made
as shown in Figures 3-5 (tender, estimate and actual) for
different residential projects. There are a great different
between the actual and BIM calculation about 5% in beam
calculation and 10% in DPC, 3% in brick work, 19% in
concrete work and 2% in reinforcement. all these changes will
have impact on the projects performance and these mistakes
return to the reason that these projects were given to
unqualified subcontractor which made a wrong estimation and
also unsatisfied worker.

The second part for managing subcontractors is the use of
artificial intelligence techniques for the prediction of its effect
on the project’s performance, Al can help you with
subcontractor selection, contract administration, scheduling
and resource coordination, and quality and safety control. Al
may also be used to improve decision-making and
performance by providing you with intelligence and insights
from the data you obtain from subcontracting. Since nearly
90% of the construction project is completed by
subcontractors, it is critical to evaluate their performance from
the beginning to the end. Many elements are influencing the
execution of the subcontracted job and creating a prediction
model with a classification-based algorithm to identify the
skilled subcontractors. Data gathered from the construction
projects of buildings was examined and put to use. Various
classification techniques, including Naive Bayes and Logistic,
were employed to analyze the gathered data. Of the seven
classifiers/algorithms, Naive Bayes show the higher accuracy
about 0.97%.

From | rowedahhussein@gmail com

Password 38793879

To | sunlight23936@gamail com

Subject | report

Body ||

Figure 17. Report

The last part of subcontract management is development of
a system that use to manage a several problems that face the
subcontractor. As shown in Figures 12 and 13, which represent
the general description of the project that handled by the
subcontractor.

Figure 15 show the description of the problems that the
subcontractor daily faced and then send it to the main
contractor in order to take an action for every problem that
occur during the projects and handle it as shown in Figures 16
and 17.

Several sources were consulted in the process of creating a
list of “best practices” for managing subcontractors. The
suggested framework’s detailed subsystem structure is as
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follows:

* Subcontracting strategy system: To develop a vision and
strategy for subcontractor assessment and management, the
system first defines the subcontractor management aim,
evaluation criteria, and a systemized index based on the four
categories of the BSC. Ultimately, the subcontracting
methodology is employed as the standard for evaluating
subcontractors and is displayed as a subcontractor index.

* The subcontractor evaluation system calculates weighted
values for each subcontractor index, evaluates subcontractor
performance scores, and then multiplies the sums of the
weighting and subcontractor evaluation scores to provide a
total subcontractor score. This evaluation may be used
separately when registering new subcontractors, during
regular periodic reviews, or during frequent assessments of a
particular project.

* Subcontractor management system: This subsystem uses
the gathered weighting and subcontractor evaluation ratings to
construct the key subcontractor index (KSI) and weak
subcontractor index (WSI). The management subcontractor
index MSI may be used to guide the development of a positive
feedback loop that improves performance by combining the
two indexes. Since this inspiring communication makes it
possible to link each participant’s shared strategic objectives,
it may be utilized as a standard to develop long-term
cooperation. This study aims to enhance several aspects of
subcontractor management, including communication,
financial performance, and job performance. The key variables
will be elucidated from the perspectives of all stakeholders.

- Communications

Enhancing communication is covered in the first section.
The system that was built will make communication between
subcontractors and other parties highly effective, according to
the main contractor, and this is the most essential component
that can enhance the interaction in the relationship between the
main contractor and sub-contractors. The most crucial element
for the subcontractor was a clear and comprehensive contract
document.

Regular communication was the most significant
component in the owner’s opinion. A comprehensive and
transparent contract agreement was the most critical
component for the consultant, and it was the most crucial
factor for all parties.

- Financial

The second section, on financial improvement, highlights
that using BIM would improve cost and quantity calculations
by 98%, making it the most significant aspect that may
enhance the interaction in the connection between primary
contractors and subcontractors. The timely payment of
progress to the subcontractors was the most crucial aspect for
the subcontractors. For the owners, the accuracy of the project
cost estimate was the most crucial element. For the consultants,
timely progress payment to the subcontractor was the most
severe issue, and for all respondents, it was the most severe
factor.

- Work performance

The subcontractor’s enough skilled labor was the primary
contractor’s most crucial aspect in the third section, which
focuses on improving job performance. Accurate evaluation of
the subcontractor’s performance based on the job factors may
be obtained by utilizing the prediction algorithm. The
subcontractor’s ability to provide sufficient competent labor
was its most crucial quality. The subcontractor’s ability to
provide adequate skilled labor was the owners’ most crucial



concern. The subcontractor’s ability to provide adequate
competent labor was deemed by the experts to be the most
significant aspect, and by all respondents, it was the most
problematic factor.

5. CONCLUSIONS

Subcontractors in the construction projects consider a
negligible in spite that most of the problems in the projects
come from the subcontractors. It is crucial for subcontractors
themselves, as well as other stakeholders including project
owners, surety underwriters, investors, and governmental
bodies, to anticipate performance failure of construction
subcontractors. In an effort to find a new model that can
forecast construction contractors’ business failures more
accurately.

Change order, cost, time, deviation, type of projects and the
rate of project completion have a direct effect on the projects
performance, as seen the in the correlation matrix, the higher
the change order the lower the performance and also for
deviation, on the other hand the low the cost and time the
higher the performance which the projects are at line with their
projected plans.

The paper’s goal was to discuss the creation, assessment,
and failure of a subcontractor management system in
construction projects. The majority of the work was devoted
to gathering information about subcontractor management
through a review of the literature and in-person and online
interviews with professionals and subject matter experts. The
authors have created a system that allows owners and
contractors to assess subcontractor management policies and
processes in order to enhance performance, given the vital role
that subcontractor management plays in construction safety

these days.
The algorithms that used to increase the power of the
accuracy of the projects’ performance under the

subcontractor’s mistakes with attributed (time, cost. change
order, deviation). Naive Bayes consider the most effective way
for the prediction compare to the two other algorithms.

Lastly, for all respondents, the following elements are
primarily associated with improved relationships between the
primary contractor and the subcontractor: communications,
finances, and work performance, specifically the
subcontractor’s level of ability. In order to do this, more
research projects are encouraged to provide the related
characteristics needed for a suitable application that aids in
avoiding issues that arise when the primary contractor and the
subcontractor interface.
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