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stage design management to minimise risks, improve time schedule fulfilment and reduce
costs. The application of modern data analysis techniques will help practitioners make
reasonable design decisions that will lead to better buildability and project success. This
research also contributes to the body of knowledge in construction project management as it
will offer evidence that shows the value of data-driven solutions to improve buildability.
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INTRODUCTION

Design management plays a vital role in successful construction projects. It involves the systematic organisation
and management of the design process from the design conception to the last construction process in order to
achieve client satisfaction in terms of design, cost and time [1]. Buildability, on the other hand, is the capability of
a construction project to be realised when considering a proposed design. It relates to the feasibility of
construction, i.e. availability of material, constructability of the assemblies and efficiency of the construction
process. A buildable design will help with the construction process, minimise risks and optimise the use of
resources so that the project is completed within the set time and cost frames [2].

The influence of project design on the buildability and feasibility of construction is tremendous. Poor design
decisions can result in time and cost overruns, construction delays and design-related safety risks. For instance, a
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complex design can require more resources or skill sets that may increase the cost and time duration of the project
[3]. Also, design decisions that are not attentive to the constraints of the job site and which does not consider the
local environment may result in rework problems will arise during construction. So, effective design management
is suggested to be considered at the early stages of the project to overcome these issues. Involving all stakeholders
(architects, contractors, clients and engineers) early in the process would ensure that any potential problems that
may affect buildability are identified before the start of construction and therefore, the likelihood of a project
failing is reduced [4]. Hence, effectively managing the design process, the project team would develop practical and
cost-efficient designs, which in turn enhance the buildability.

A host of issues can plague construction projects, the majority of which are directly linked to design and planning.
Delays, cost overruns and safety risks are often encountered. Examples of delays include in construction; a delay
can occur as a result of a design change that in turn was due to an oversight or inadequate communication during
the design [5]. Overbudgets are also linked to a design which does not take into consideration the size of the
project, e.g. the cost of the materials is underestimated, and so are the costs of labour. The design does not take
into account issues such as structural integrity and the health and safety of on-site workers, which have
contributed to safety concerns. The greater part of these problems could be linked to the design management and
design buildability not being integrated at the early stages of the project [6]. All it takes is a flawed approach to
managing design to see the problem quickly escalate, and that can cause a lot of distraction and loss of
productivity in the execution of the project.

This linkage between poor design and failure in construction justifies the effectiveness of extensive design
management practices. These issues are minimised by effective design management, which can ensure the design
is not only aesthetically pleasing but also economical, functional and can be built. Here, the author aims to
address these problems by considering how the integration of design management practices into the project
process could improve project buildability, reduce costs and ease the implementation of a project.

The primary purpose of the paper is to investigate how the adoption of design management practices impacts the
buildability of construction projects. By distinguishing the relationship between design management and
buildability, this research will be used to illustrate how the systematic process of running the design of a project,
rather than the ad-hoc process, could lead to a more efficient, economical and safe built environment. Specifically,
this paper will consider how integrating design practices during the early stages of project planning and execution
may assist in identifying potential buildability issues to ensure that they are not escalated into problems that will
impact the project. The effectiveness of good design management in construction will be measured in this study by
using advanced data analysis techniques such as machine learning and statistical modelling.

The paper will seek to answer the following questions: What are the impacts of design management on budget,
time management and project performance? Are there any data analysis models which forecast the effect of
design choices on buildability? The current paper is valuable to the field of construction management, as it is
bridging the new data analysis (machine learning and statistical models) tools with improving design
management and buildability. While the literature so far stresses the theoretical importance of design
management and buildability, in the present paper, it will be analysed and measured by data analysis in terms of its
impact on construction performance. Based on real-life data, the paper offers valuable insight into the predictive
capacity of machine learning models for designing feasibility and performance. This is more than an opinion about
the importance of incorporating design management principles, but also a resource helping construction
practitioners to optimise the designs to enhance buildability. Through these, the paper seeks to provide practically
usable knowledge which can be applied to practical construction projects, so that there is a match between the
theoretical design conceptualization rules and the actual determination of the construction activities.

Ultimately, the research provides a comprehensive framework for improving buildability through effective design
management practices, and reveals how traditional construction management practices, integrated with modern
statistical approaches to data analysis, can be harmonised. Therefore, it primes the future scientific investigations
in the field of construction management, such as in the niche of data analytics and predictive modelling for
optimisation of construction projects.
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LITERATURE REVIEW
Design Management in Construction:

Design management is crucial for the success of construction projects. This involves the holistic integration of the
design-making processes, where the design should be related to the project objectives, time, cost and quality [7].
Ineffective design management practices are often linked with delays in construction project advancement,
exceeding the cost estimate, and problems in construction quality. Available literature suggests the need for
earlier involvement of all stakeholders in the design process [8]. One such strategy that is widely published is early
contractor involvement (ECI), which means that when the contractor is involved in the early design of a project, it
may help to mitigate potential problems associated with constructability before the construction phase. ECI helps
in ensuring the functionality, constructability and optimality of the design within the constraints given, leading to
more efficient design and construction [9].

Another significant strategy mentioned in the literature is value engineering (VE). VE deals with the optimisation
of value; i.e. other design options are explored which provide equal or better performances but with lower costs. It
advocates the notion of collaborative effort between designers, engineers and contractors to achieve cost-effective
solutions without compromising quality. There are documented effects of VE on buildability, and studies have
shown that VE can help reduce costs during the construction phase without compromising functionality, and even
with a higher project cost [10]. By focusing on the economic and technical aspects of design, VE improves the
overall buildability by ensuring designs are not only optimal in regard to functional efficiency but also economical
and easier to build.

Sustainable design has also been an emerging focus of architecture in recent years. Sustainable design is a hot
topic in the construction industry with increasing demands. Other research shows that sustainability should be a
key feature in the management and design of projects to improve a project's buildability [11]. Sustainable design
features include energy efficiency, renewable energy sources and waste minimisation. With these elements being
important at the design level, it is easier to adopt an energy-conservative approach that is not only
environmentally friendly, but also economical and buildable.

Buildability and Project Success:

Buildability and project success are significant topics in construction management. Important dimensions of
project success are often related to cost, time and quality (buildability). Research has shown that buildability
considered in the early design phase can save significant time during the construction phase, can avoid time and
budget overruns, and can enhance the success of the project [12]. For instance, a study has shown that co-
operation between the designer and contractor in the early stages of mobilisation of a design reduces the
likelihood of encountering an unexpected problem in the construction phase, and subsequently results in a
smoother implementation process of the project [13].

Various studies have highlighted the importance of constructability, also referred to as buildability, in relation to
the design process. Constructability is the ease of transitioning a design to a real construct. According to the
researchers, construction professionals should analyse and inspect the constructability of designs at the early
stages to avoid rework [14]. The design failures could be detected in the later stages of project execution, and will
result in significant changes, thus leading to time and cost overruns. However, if constructability issues are assessed
in the early stage of design, it will lead to an active and proactive management of the project to enable it to be
completed on budget and on time. This will be fundamental in any project that might involve complexities during
the construction phase and therefore have serious setbacks. In addition, the study has also mentioned that one of
the strategies for improving buildability is through implementing constructability reviews during the design phase
[15].

The other implication that is provided in the literature is that project success is not limited to time and cost
criteria, but also quality. Buildability is related to the quality of the final product; poor design choices can lead to
constructs with issues related to safety and final functioning. Research about the relationship between buildability
and project success reveals the fact that buildability translates directly to the success of the project, in terms of
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efficient operation and sustainability [16]. So, a greater focus on buildability leads to the overall success of a
project.

Technological Advancements

Technological development has hit the construction industry, particularly with the use of Building Information
Modelling (BIM) and project databases. BIM (Building Information Model) is data input of the physical and
functional characteristics of a building in a 3-dimensional format, and it has become a powerful design
management tool. There is evidence in the literature that suggests that BIM can offer a more efficient
coordination between design, engineering and construction industry, and in this way, it can assist communication
and decision making [17]. BIM helps designers and contractors to imagine how potential problems will occur
along the execution of the project, making it more buildable and reducing the potentiality of errors.

Data-driven project management has become increasingly important as well. Project leaders are able to optimise
construction projects through the means of machine learning algorithms, predictive models and data [18]. The
machine learning algorithm has been used effectively to forecast different aspects of construction projects, such as
the estimation of cost, the schedule of building and resource management. For instance, predictive models could
predict the impact of design choices on project schedules and costs, which could be used to inform design
decisions [19]. Models can also be used to analyse the past project data in order to identify the pattern that would
provide information for future practices on design management.

With the recent research, machine learning has become the new focus in the optimisation of schedules and cost
prediction [20]. Machine learning models can establish the correct estimates on the duration of project
completion and instances of cost incidents, along with the large amount of data from past projects. This allows
construction managers to undertake pre-planned modifications in the design and planning of the construction,
which ultimately leads to an increase in buildability. Additionally, risk assessment can be carried out to better
understand the probability of risks, e.g., project delays or accidents, using machine learning to help the project
teams to avoid potential risks at the early phase of projects [21]. The virtual presence of machine learning and data
analysis tools in construction projects can be regarded as a stepping stone towards the evolution of design
management, which can be more efficient and effective in executing the projects.

Gaps in Literature

The literature on design management and buildability is very helpful, but there are still some gaps. The lack of
integration of design management and advanced data analytics for improving buildability is the first one. While
various studies have discussed the benefits of design management separately, approaches such as early contractor
involvement and value engineering, there has been significantly less discussion published on how these practices
can be improved by using sophisticated techniques of data-based modelling, such as statistical and machine
learning models.

Also, the currently available literature mostly concentrates on the conceptual models of buildability; however, they
don't mention the empirical research that could demonstrate how they could apply data-driven models in practice
in construction projects. This is where

the aim of this paper is fulfilled. The new study will bridge the gap between the fields of theory and practice by
using machine learning models and data analysis techniques in analysing the actual project data. It will provide the
construction industry with valuable knowledge of how data analytics can be applied to improve the design
management processes and thus enhance the buildability of a construction project.

This research will address these gaps and make a contribution to the field of construction management by
introducing a new way of enhancing buildability by using design analysis within the design management process.

METHODOLOGY
Research Design
The design of this study is a quantitative research design, which involves employing data analysis and statistical
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models to test the extent to which design management practices have an impact on the buildability in construction
projects. The focus of the first aim is to study the relationship between design management and buildability based
on data from projects. The plan is for the integration of machine learning techniques to predict the effect of design
on the opportunities and outcomes of construction projects. Since buildability affecting variables are quite
multidimensional, this study uses the use of enhanced data analysis techniques, in particular predictive modelling
and risk analysis, to produce insights.

This study uses Google Colab for the creation and analysis of the model, which is an interactive platform for
coding in Python. Google Colab is very useful for this process as it provides the necessary computational processing
and scalability to analyse large datasets and apply machine learning techniques. Data processing, predictive
modelling and visualisation required to apply machine learning are based on Python, and there is a wide variety of
libraries that can be applied in machine learning. These include: data processing with pandas, machine learning
with scikit-learn and visualisation of the data and model results with matplotlib and seaborn.
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-3 dii Missi ~al
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Figure 1. Proposed Methodology Framework

Figure 1 below shows the process of tying design management practice and machine learning to improve the
buildability of construction projects. This includes data collection of the Construction Project Management
Dataset, data engineering and feature engineering. It also includes exploratory data analysis (EDA), model building
and training. After model evaluation and risk analysis (Monte Carlo simulations), results are applied to insights to
take action and implement strategies to improve buildability by the use of data-driven design strategies.

Data Collection

The data used in this paper is Construction Project Management Dataset on Kaggle. This particular dataset
holds one of the most comprehensive sets of project data (task times, estimates, resource allocation and project
5
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outcomes). The dataset can be used for this particular research. The attributes in the dataset are crucial to
understanding the many attributes that drive the buildability of the building. For example, task time provides
information about the effectiveness of design management in its impact on the project schedule. The significance
of cost estimates is to gain knowledge about the effect of design decisions on the cost-effectiveness of a project.
Resource allocations can also help in investigating the influence of the design phase on anticipating construction
requests (in terms of material and labour resources).

The data offers a valuable opportunity to employ machine learning algorithms to evaluate the effects of the design
decisions on the project in terms of cost overrun, time and safety. Using real data, this research explores the
patterns and insights which would be difficult to achieve within the traditional theoretical models.

Data Preprocessing

Data cleaning is the first step in data pre-processing. Irrelevant, missing and duplicate data are filtered out to
improve the quality of the data. Null values are dealt with in techniques of imputation, in which there may be a need
to drop rows containing too many null values. For example, if 40% or more of the entries of a column are not
filled, then the column can be dropped, or an appropriate imputation method (mean, median and mode
imputation) can be used to preserve the columnar arrangement of data.

Moreover, nominal values such as project types, material types or others, that are used to show the type of design
are encoded in either one-hot encoding or label encoding to comply with machine learning protocols. This is
important so that the data can be in a form that can be fed to algorithms to be interpreted for quantitative purposes.

The next process is feature engineering, where extra features are created to capture the main factors in
buildability. The design complexity can be determined in terms of the number of various design features or project
demands. For instance, a design that has more complex buildability, and are hence more relevant for modelling
purposes.

Advanced Models

To evaluate the influence of design management features on buildability, several machine learning techniques are
applied, such as Random Forest, Support Vector Machines (SVM) and Gradient Boosting.

Predictive Modelling:

¢ Random Forest algorithm is used to build a collection of decision trees, which are used in creating the
final prediction. This is the appropriate approach for this research because it is suitable for joining large
datasets and variables with complex interactions. Random forest model will be used to identify the most
influential design characteristics (e.g. duration of tasks or resource allocation) in order to predict if a
project will be developed or not. The equation of a Random Forest is:

Yy =1IV oh () [0
N

where y”; is the prediction for the record i, hk the individual decision tree model, and N is the number of decision

trees in the forest.
e Support Vector Machines (SVM) are one of the popular models in classification problems, where the
design choices are separated into two groups, such as buildable and non-buildable. The SVM algorithm

attempts to find the optimal hyperplane to separate the two groups. The mathematical representation of
an SVM can be modified to maximise the margin between the two classes:

Maximize?! || w |2 subject toy (w'x + b) =

1,i=1,..,N (2)
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where x; is the feature vector, y; represents the label and
wand b are the hyperplane parameters.

e Gradient Boosting builds an additive model that fits the derivative (or gradient) of the model to minimise
the error of the previous model. This is particularly useful for regression analysis for projects (e.g.,
overruns and schedule problems). The Gradient Boosting algorithm is:

F(x) = Fj—1(x) + 7 -

structural design requirements would score higher in the complexity scale. Similarly, the factors such as material
cost and labour efficiency are developed in a manner that

argmin
N
y = Ly Fm-1(x) +v) =1
(3

they become factors that are used to measure the amount of resources allocated towards the project. These are
features engineered to represent the impact of a variety of design options and their effects on the project's

with Fp(x) being the forecast of the m — th model, y;

being the true value and L being the loss function.
Risk Analysis

To calculate the risk of design options, Monte Carlo simulation approaches are used to minimise the uncertainty of
the construction. The model can predict the potential consequences of poor design control on the project outcome
with different design inputs (e.g., costs of materials, labour, etc.) through simulations. Monte Carlo simulation is
based on the following equation:

X outcome

f(x) 4)

where xj is the random variable inputs, f(x;) is the outcome function and M is the number of iterations.

On the other hand, the application of decision trees is to classify risk, where the design decision will lead to a high-
risk or a low-risk outcome in terms of cost, time and safety.

Model Evaluation

Once machine learning models are trained, a number of metrics, including Accuracy, Precision, Recall and F1-
Score, are used to measure the quality of models. These metrics can be used as a relative measure of the model's
performance so that the predictions would be accurate and provide useful advice to the design management. The
Accuracy is calculated as:
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Figure 2. Distribution of Project Costs

The distribution of the project costs is shown in Figure 2. Most of the projects are costlier than 200,000 and less
than 400,000, and the expensive projects are smaller in number. The distribution is skewed to suggest that most
of the projects are likely to have similar costs, which can be used in estimating the budget of projects.
Understanding the distribution of costs is important as the cost of projects impacts the design of projects, such as
what materials will be chosen to organise it and its complexity, which in turn can affect the buildability of the
project.

TP+TN
Accuracy =

TP+TN+FP+FN (5)

where TP is the number of true positives, TN is the number of true negatives, FP is the number of false positives
and FN is the number of false negatives.

Tools

The approach is implemented using Python libraries. The data is cleaned and analysed using pandas, models are
created and analysed using scikit-learn and data and results are visualised using matplotlib and seaborn,
respectively. These tools allow a quick, versatile and scalable approach to data analysis, which will assist with the
ability to manage big data and models.

This approach aims at combining these tools to provide a robust solution for analysing the impacts of design
management practices on the constructability of construction projects, using data-driven information for
construction project improvement.

RESULTS AND ANALYSIS
Exploratory Data Analysis (EDA)

Exploratory Data Analysis (EDA) is an important step to get to know the type of information in the dataset and to
point out trends. EDA in the current research looked at the distribution of project costs, task duration, and
resource allocation and how they impact the buildability of construction projects.
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. Task Duration vs. Project Delay
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Figure 3. Task Duration vs. Project Delay

Figure 3 is a scatter plot of project delay and duration of tasks. The plot illustrates the positive correlation
between the two, i.e. the longer the duration of the task, the larger the delay. This understanding highlights the
value of time management usability in construction projects. By means of proper time management of tasks and
the development of a realistic schedule, buildability can be directly improved by decreasing the likelihood of
timeline and construction disruptions within construction organisations. This research study gives grounds to the
hypothesis that task duration and scheduling are some of the design decisions that must be made at the onset of the

project in order to maximise the performance of the project.
Model Results

Exploratory data analysis was then succeeded by machine learning models that approximate the impact which
design options have on the constructability of construction projects. Such analysis models included the Random
Forest, the Support Vector machines (SVM) and the Gradient Boosting.

Model Performance Comparison

1400 _— MAE

MSE
1200 R2

1000

800

Score

600

SWVM

Random Forest
Gradient Boosting

Model

Figure 4. Model Performance Comparison

Figure 4 illustrates a bar chart of each model's performance individually, regarding three criteria of evaluation:
Mean Absolute Error (MAE), Mean Squared Error (MSE) and R2 score. Among the three, Random Forest
performed the best and has the largest R2 value of 0.67, which means that it fits the data best. This fact means that
the complex decision between the variables of design and delays during the construction can be characterised with
the help of Random Forest more than with the rest of the models. As with other cases, Support Vector Machines
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(SVM) resulted in a low R2 value of

0.32 and, hence, failed to fit the data as well. Gradient Boosting was also rather decent, R2 of 0.61, but would be
overtaken by the Random Forest in terms of the accuracy of a prediction made.

Table 1 shows the performance of both models. The random forest model was the most accurate model based on
the lowest scores on the MAE and MSE. In comparison, SVM achieves the worst error rates, which was potentially
due to its sensitivity to the non-linear nature of the data.

Table 1. Model Performance

Model MAE MSE R2

Random Forest 19.18 662.60 0.67

SVM 30.13 1363.69 0.32

Gradient Boosting 20.65 772.27 0.61

Feature Importance
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Figure 5. Feature Importance

Figure 5 presents the importance of the features is the outcome of the Random Forest model. This bar graph
highlights the idea that the most prominent causes of delays in projects are task duration and cost of a project,
followed by availability of resources and project design complexity. This means that they are critical
characteristics that must be considered when making decisions in designs and are critical in predicting the results
of a project.

Table 2 provides the quantitative explanation of the significance of each of the features in predicting project
delays. The three variables of the greatest importance were the cost of the project and the time of the task,
followed by the availability of the resource. These findings underscore the significance of proper planning of tasks
and budgeting in the design stage so as to boost the overall buildability.

Table 2. Feature Importance

Feature Importanc
e

Task Duration 0.29

Project Cost 0.26

Resource 0.23
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Availability

Design Complexity 0.14

Contractor 0.08
Expertise

Risk Analysis

The risk analysis was done using Monte Carlo simulations as an attempt to give an estimate of risks that would be
encountered during different design decisions. The three criteria (material costs, job timeframes, and resource
availability) were evaluated as risk factors that may affect the overall construction schedule and budget.

The results of the Monte Carlo simulation, as presented in Table 3 show potential outcomes of various design
options on the delay of projects. The low-cost materiality option, as well as the duration of the tasks, preconditions
the occurrence of delays. On the other hand, the more resources are available and the faster the tasks take place, the
better, which reduces the amount of time in which the project takes place.

Table 3. Risk Analysis

Design  Risk Simulat Risk Impa

Decision Factor ion Probabi ct on
Result lity (%) Proje
(Mean) ct

(Day
s)

Material Material $450,00 35% +20

Choice: Cost 0 days

Low

Cost

Material Material $500,00 50% +10

Choice: Cost 0 days

High

Durabili

t

y

Task Task 120days 60% +30

Duratio Duration days

n

Extende

d

Task Task 9o days 40% -10

Duratio Duration days
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n
Accelera
ted
Resourc Resourc 85% 25% -15
e
Availabil e days
ity: High Availabi
lity
Resourc Resourc 50% 50% +25
e
Availabil e days
ity: Low Availabi
lity
Design Design 0.2 30% -5
Complex Comple days
ity: xity
Simplifi
e
d
Design Design 0.9 60% +40
Complex Comple days
ity: xity
Complex

Concluding, a data-driven implementation of design management procedures could show a significant change in
the sphere of buildability and the overall project output. By narrowing down on the key design factors, such as the
time taken to complete the task and the cost, as well as the availability of the resources, the building experts are
better equipped to come up with decisions that will see this project being completed within the scheduled time,
on budget and to standard. Building better models to meet the concept of decision-making during the design and
construction, more machine learning models and more Monte Carlo simulations are applied; there are prediction
tools that are provided by the models to be applied to the construction result of guaranteed decisions.

DISCUSSION
Impact of Design Management Practices on Buildability

The findings of this research indicate how much the design management practices affect the buildability of
building projects. By implementing a complex task- duration management and cost estimation at the earliest
stage of the work, it is possible to reduce dramatically delays and bankruptcies, which are quite common in the
construction business. This discussion revealed that task duration had a strong positive relationship with project
delay; i.e. when there is planning or underestimation of tasks, the construction project is likely to exhibit
significant amounts of delay. This is in view of other research studies, which have highlighted the importance of
appropriate planning of the project and maximisation of project design in order to achieve a smoother
12
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implementation of the project [22].

As Figure 2 of the project costs distribution and Figure 3 of the scatter plot of duration of task vs project delay
demonstrates that the majority of the construction projects utilised in the data sample are similar in terms of
facing challenges as far as cost and time management is concerned. A delay is likely to alter the longer task
duration of projects, and the relationship shows that it is important to have control over task design in the early
stages of the project to ensure that the timelines are realistic and achievable. Considering them during the design
phase allows the project manager to allocate resources more efficiently as well as predict the probability of some
delays in the future before it occurs, improving the overall buildability.

Effectiveness of Machine Learning Models

This study produced machine learning models that produce valuable data regarding how the choice of design can
impact the construction project's buildability. The model which exhibited the best performance was the model
which yielded the highest R2 level of 0.67, which means that it fits the data well and means that the model
assumes the reality of the relationship between the design factors and the delays of the project. This finding
resonates with the research that Random Forest and other ensemble models would be very suitable to develop
project data, which, under the majority of circumstances, is very dimensional and non-linear [23].

On the other hand, the SVM model that reasonably performed with smaller data did not perform in the data of
construction projects, which were more complex, and the R2 was 0.32. It suggests that SVM might not be the best
model to draw conclusions from in the modelling of construction project data, as it has not captured the intricate
relationship between the variables in this data in comparison with the Random Forest or Gradient Boosting
algorithm. The Gradient Boosting results with an R2 of 0.61 value suggests the algorithm can also be used as an
alternative to Random Forest; however, it is not as potent as the chosen algorithm in this case study.

Feature Importance in Predicting Buildability

The feature importance (Figure 4 and Table 2) has revealed that the period of a task and the cost of a project are the
most important features in predicting the delay of a project and buildability. This finding suggests there is a better
chance for improvement of buildability due to a design management system that tries to accurately estimate the
duration of carrying out various tasks and control the costs of projects. Another significant factor is the accessible
resources, and it influences the chances of finishing individual tasks within the desired duration and cost. However,
although important, design complexity was found to have the least effect on the buildability issue compared to
other factors. This suggests that the more complex the design is, the longer the process will be; however, the
impact on the buildability can be neutralised by proper management of the time allocated to individual tasks and
the amount of resources needed to complete individual tasks.

The results are in line with the literature, which considers time and cost management as an emphasis in
construction [24]. Effective design management includes effective scheduling, cost estimating and resource
allocation, which are construction factors that contribute to the success of construction projects. Anticipating and
providing contingency against future time delays and cost increases are essential towards providing timely
completion and cost savings for construction projects.

Risk Analysis and Design Decisions

The Monte Carlo risk analysis (Table 3) presents risks associated with design decisions. The result of the
simulation shows that low-cost materials and the time of the tasks are significantly affecting the likelihood of
delays, which appears to support the existing studies which are focused on the risk of using cheap materials and
short time periods of projects. On the other hand, by increasing the task durations or resource amounts, it can
minimise the delays, which implies that such design decisions will enhance buildability.

The other key element affecting project delays is the design's complexity. The choice of a simple design reduces
the delays, as shown in the simulation findings and may delay the project (and miss the schedule) when using a
complex design. This finding highlights the trade-off in functional and aesthetic design and buildability in
projects [25]. While using a non-complex design might be less creative, it is more likely to be delay-free and
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hence, has the ability to increase buildability, along with good project management practices.
Practical Implications of Findings

The result of this research can be applied in practice in the construction industry. By involving design
management tools and techniques during the early stages of the project, construction professionals will be able to
detect the potential risks and construction problems that can arise and have them solved upfront. This can lead to
better allocation of costs, realistic expectations of tasks and optimal resource allocation, which may support better
performance of projects.

The application of recent techniques of data analysis, such as machine learning, during the construction phase
may also yield important information and be considered in the design stage to improve the buildability of a
project. Using predictive analysis, project managers will be able to predict delays and overcosting and modify the
project plan accordingly, leading to better project execution.

In addition, the results of the conducted risk analysis show that it is important to take into account the prices of
the needed resources, the available time for execution of the task and the resources themselves. Through data-
driven decision making, construction professionals will be able to reduce risks of delays and ensure timely and
cost-effective project delivery [26].

CONCLUSION

This research has shown the impact of design management on the buildability of construction works. The present
study (which used a combination of exploratory data analysis and three types of machine learning models as well
as risk analysis) has demonstrated that the task duration of work on a project, project cost and resource
availability are crucial factors in predicting project delays and, therefore, buildability. The Random Forest model
proved to be the most valuable to understand the relationship between design features and buildability, and also
as a reliable way to predict project outcomes and assist in the discovery of the most salient features, i.e., the
duration of work and cost of the project.

The study of the feature importance results demonstrated that the most troublesome attributes affecting project
delays are the cost and duration of tasks, which require good project and design management. The results of the
Monte Carlo simulations also assisted in a better understanding of how risky some of the design decisions could be
in terms of low-cost building materials or longer tasks and how these can affect the project completion time.

The possibility to merge data and information and analyse it with the help of enhanced analytics can help
construction professionals get a powerful tool that can support decisions at the design stage to become more
buildable and eventually improve the project's outcome. By addressing the design complexity, resources and
scheduling proactively, schedule and cost overruns could be avoided, and the project would become more effective.

This research ultimately recognises the early involvement in design management in achieving better buildability
and project outcomes. Risk analysis and machine learning are proving to be significant enablers in documenting
design decisions, making project delivery more predictable, and enhancing the buildability of the construction
process. The effectiveness of the findings can be improved and tested in future research by looking at other factors,
such as environmental and stakeholder management, to 4fine-tune the design management process to improve
construction project performance.
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