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ABSTRACT

The construction industry is lagging behind the service and manufacturing
industries in terms of efficiency and productivity; though the industry continues to
boom, as demonstrated in the rapid growth of tall buildings in urban centres across
the globe. The rise of tall buildings is partly in response to the need to create more
urban space for an impeding global population explosion and urbanization; however,
this building typology is notorious for being delayed and uncompleted. The research
domain is saturated with numerous studies on construction delays across continents
and project types. These studies only make modest contributions in dealing with the
inherent problem. An inadequate effort has been channelled towards the development
of prescriptive tools with the potential to mitigate construction delays. The desired
solution would employ innovative methods to arrive at problem-solving strategies for
the ultimate purpose of delay mitigation. Furthermore, the current mantra of the
construction industry is to embrace the fourth industrial revolution (IR 4.0), and
leverage the capabilities of digital technologies such as artificial intelligence and
machine learning. Thus, the aim of this study was to develop a delay mitigation
framework based on the application of machine learning, with a focus on tall
building projects. The proposed framework is dependent on three key areas of delay
mitigation, including “reliable cost estimates”, “reliable duration estimates”, and
“delay risk assessment”. This was achieved in two phases of data collection and
model development. The first phase identified the causes of delay in the global
construction industry, and subsequently determined the delay risk factors in tall
building projects. Likewise, historical data on completed tall building projects
featuring the total cost and duration of the project was obtained. In the second phase,
machine learning models were developed based on Multi Linear Regression Analysis
(MLRA), Artificial Neural Networks (ANN), K Nearest Neighbours (KNN) and
Support Vector Machines (SVM). This stage also involved combining models to
develop ensemble models/multi classifier systems to investigate the possibility for
improved predictive performance. The developed models were evaluated by standard
performance metrics used in machine learning for classification and regression
problems (i.e. Classification Accuracy, Correlation Coefficient (CC), Mean Absolute
Percentage Error (MAPE), and Root Mean Squared Error (RMSE)). The
performance of the selected model for the duration was characterised by a CC of
0.69, MAPE of 0.18 and RMSE of 301.76, while for cost by a CC of 0.81, MAPE of
0.89 and RMSE of 6.09, and for delay risk a classification accuracy of 93.75% was
achieved. The final visualization of the delay mitigation framework was conveyed
with the most prevalent analytics model: the Cross-Industry Standard Process for
Data Mining (CRISP-DM). Finally, the proposed framework was reviewed and
validated by industry professionals. The significance of the proposed framework can
be seen in its potential as a decision-making tool for proactive delay risk mitigation
at the planning stage of tall building projects. Although the development of delay
mitigation framework concentrated on tall building projects, a similar approach can
also be extended to other types of construction.
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ABSTRAK

Industri pembinaan ketinggalan berbanding industri perkhidmatan dan
pembuatan dari segi kecekapan dan produktiviti; walaupun industri ini terus
berkembang, seperti yang ditunjukkan dalam pertumbuhan pesat bangunan tinggi di
pusat-pusat bandar di seluruh dunia. Peningkatan bangunan tinggi sebahagiannya
sebagai tindak balas kepada keperluan untuk mewujudkan lebih banyak ruang bandar
untuk penghambatan ledakan dan pembandaran penduduk global; namun, tipologi
bangunan ini menjadi terkenal kerana kelewatan dan tidak siap. Domain
penyelidikan dipenuhi dengan banyak kajian mengenai kelewatan pembinaan di
seluruh benua dan jenis projek. Kajian-kajian ini hanya memberikan sumbangan
sederhana dalam menangani masalah yang wujud. Usaha yang tidak mencukupi telah
disalurkan ke arah pengembangan alat preskriptif yang berpotensi untuk memitigasi
kelewatan pembinaan. Penyelesaian yang diinginkan adalah sesuatu yang
menggunakan kaedah inovatif untuk mencapai strategi penyelesaian masalah untuk
tujuan utama mitigasi kelewatan. Selanjutnya, mantera industri pembinaan sekarang
adalah mendakap revolusi industri keempat (IR 4.0), dan memanfaatkan kemampuan
teknologi digital seperti kecerdasan buatan dan pembelajaran mesin. Oleh itu,
objektif keseluruhan kajian ini adalah untuk membangunkan kerangka mitigasi
kelewatan berdasarkan penerapan pembelajaran mesin, dengan fokus terhadap projek
bangunan tinggi. Kerangka kerja yang dicadangkan bergantung pada tiga bidang
utama mitigasi kelewatan, termasuk "anggaran kos yang boleh dipercayai®,
"anggaran jangka masa yang boleh dipercayai”, dan "penilaian risiko kelewatan". Ini
dicapai dalam dua fasa pengumpulan data dan pembangunan model. Fasa pertama
mengenal pasti penyebab kelewatan dalam industri pembinaan global, dan seterusnya
menentukan faktor risiko kelewatan dalam projek bangunan tinggi. Begitu juga, data
sejarah mengenai projek bangunan tinggi yang siap dibina yang merangkumi jumlah
kos dan jangka masa projek tersebut diperolehi. Dalam fasa kedua, model
pembelajaran mesin dikembangkan berdasarkan Multi Linear Regression Analysis
(MLRA), Artificial Neural Networks (ANN), K Nearest Neighbours (KNN) dan
Support Vector Machines (SVM). Tahap ini juga melibatkan penggabungan model
untuk mengembangkan model ensembel/sistem pengkelasan pelbagai untuk
menyiasat peningkatan prestasi ramalan. Model yang dikembangkan dinilai oleh
metrik prestasi standard yang digunakan dalam pembelajaran mesin untuk masalah
klasifikasi dan regresi (iaitu Klasifikasi Ketepatan, Pekali Korelasi (CC), Mean
Absolute Percentage Error (MAPE), dan Root Mean Squared Error (RMSE)).
Prestasi model untuk jangka masa dicirikan oleh CC 0.69, MAPE 0.18 dan RMSE
301.76, sementara untuk kos olen CC 0.81, MAPE 0.89 dan RMSE 6.09, dan untuk
risiko kelewatan ketepatan klasifikasi 93.75 % telah dicapai. Visualisasi akhir
kerangka mitigasi kelewatan disampaikan oleh model analitik yang paling lazim:
Cross-Industry Standard Process for Data Mining (CRISP-DM). Akhirnya, kerangka
yang dicadangkan telah dinilai dan disahkan oleh profesional industri. Kepentingan
kerangka yang dicadangkan dapat dilihat melalui potensi sebagai alat membuat
keputusan proaktif mitigasi risiko kelewatan di peringkat awal projek bangunan
tinggi. Walaupun pembangunan kerangka mitigasi kelewatan tertumpu kepada
projek bangunan tinggi, pendekatan sama boleh diperluaskan kepada jenis
pembinaan lain.
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CHAPTER 1

INTRODUCTION

1.1  Problem Background

The exponential rise in global population, expected to range between 9 and
11 billion by 2050; coupled with a breakneck pace in technological advancements
has led to a rapid transformation of the built environment. The United Nations
projects that urbanization will add 2.5 billion people to urban populations by 2050,
and consequently 66% of the world’s population will inhabit urban centres (UN,
2014). The combined trends of urbanization and population growth will thus place an
added stress on already limited urban housing and infrastructure. From this
perspective, the safety and comfort of the world's future population will depend on
how fast engineers are able to solve inherent problems of the built environment. Tall
buildings have been viewed as a viable solution to creating urban space in areas
where there exists concentrated population, scarcity of land, and high land costs.
Thus, the current trend is to take advantage of the urban skyline, and as a result,
urban centres around the world now feature a huddle of tall building structures
(Zisko, 2008). The predominance of tall buildings in urban centres across the world
is sufficient evidence that there is a paradigm shift in the configuration of the built
environment. Despite its exponential rate of growth, tall buildings have suffered from
delayed completion times, a productivity loss which has plagued the construction
industry for many decades. Remarkably, the Council on Tall Buildings and Urban
Habitat (CTBUH) in its report “Dream Deferred: Unfinished Tall Buildings” noted
the alarming rate of increase of “never completed” tall buildings, and further
provided a list of 50 projects of 150m or taller that were never completed (CTBUH,
2014).



1.2 Problem Statement

The 21st century is witnessing a rising complexity in its construction projects.
The construction industry continues to soar higher with the astronomical growth of
tall buildings, notably in Asian and Middle Eastern skies (Moon, 2015).
Interestingly, the Council on Tall Buildings and Urban Habitat (CTBUH) suggests
that there is an alarming rate of increase in never competed tall building projects
across the globe (CTBUH, 2014). Table 1.1 illustrates examples of abandoned tall
building projects across the world, along with the supposed causes of delay. Previous
studies suggest that the first step in resolving delay problems is to identify the main
causes of delay (Assaf and Al-Hejji, 2006; Yang and Ou 2008). Therefore, the
research domain is saturated with an abundance of literature on the causes of delay in
the construction industry. On the subject of tall buildings, few studies have dealt with
the subject matter of construction delays (Ogunlana et al., 1996; Kaming et al. 1997,
Suksai et al., 2015; Bhangale, 2017; Haslinda et al., 2017; Kog 2017; Aaditya and
Bhattacharya, 2018). These studies are however limited in addressing the problem
due to their exploratory nature and lack of a constructive methodology. Moreover,
studies that sought to propose delay mitigation frameworks do not consider the
complex interplay among multiple delay factors holistically (Love et al., 2000;
Abdul-Rahman 2008; Motaleb 2014; Khair et al., 2018). Effective strategies for
delay mitigation should cover three main aspects including the project’s timeframe,
estimated costs, and performance in terms of identified risks (Galway, 2004; Meyer,
2015). Furthermore, Construction 4.0 has ushered in the potential to adopt digital
technologies such as machine learning to solve problems such as construction delay.
Despite the industry’s determination to modernize, as demonstrated through
Construction 4.0, it is still lagging behind other industries in adopting digital
technologies such as machine learning. Though there are few applications of
machine learning in construction and civil engineering (Deka, 2019; Adeli, 2020),
there is a lack of its clear application to proactive delay mitigation in construction.
The current study hopes to fulfil the research need for a digital and holistic delay

mitigation framework.



Table 1.1 Unfinished Iconic Tall Building Projects across the World, based on
CTBUH Data, 2014 (Modified from: Al-Kodmany, 2018)
Finish date
SIN Name of project Date Date Causes of delay (source)
Started Ended
Financial problems
Nakheel Tower, ) o .
1 Dubai (1000+m) 2008 2009 (https://en.wikipedia.org/wiki/Nakhe
el_Tower)
Dispute between the tower's
India Tower developers and Mumbai's civic
2 Mumbai (70bm) 2010 2011 | authorities
(https://en.wikipedia.org/wiki/India
Tower)
Russia Tower Global Financial Crisis of 2007-2008
3 ’ 2008 2008 (https://en.wikipedia.org/wiki/Russia
Moscow (612m)
Tower)
Chicado Spire Financial crises
4 1Cago SpITe, 2007 2008 | (https://en.wikipedia.org/wiki/Chica
Chicago (610m) .
go_Spire)
5 | Center Tower, Doha | 2007 | 2012 AIrpo N
(551m) (https://en.wikipedia.org/wiki/Doha
Tower _and Convention Center)
. . Global Financial Crisis of 2007-2008
6 55“1% rﬁ)' Alam, Dubai | g 2009 | (https://en.wikipedia.org/wiki/Burj
Al_Alam)
Palace of Soviets German invasion in 1941
7 ' 1937 1941 (https://en.wikipedia.org/wiki/Palace
Moscow (495m) X
of the_Soviets)
. Financial problems within China
Fairwell Post
8 | International, 1996 ) 2018 1 tins: en. wikipedia.org/wiki/Xiame
Xiamen (397m) .
n_International _Centre)
Faros de Panama Financial problems
9 | Torre Central, 2008 2008 (https://en.wikipedia.org/wiki/Faros
Panama City (346m) del_Panam%C3%A1)
. Lawsuit filed by homeowners'
Skycity, association from nearby village
10| Mandaluyong 1997 19971 https://en wikipedia.org/wiki/Skycit
(335m)
y_(Mandaluyonq))



https://en.wikipedia.org/wiki/Nakheel_Tower
https://en.wikipedia.org/wiki/Nakheel_Tower
https://en.wikipedia.org/wiki/India_Tower
https://en.wikipedia.org/wiki/India_Tower
https://en.wikipedia.org/wiki/Russia_Tower
https://en.wikipedia.org/wiki/Russia_Tower
https://en.wikipedia.org/wiki/Chicago_Spire
https://en.wikipedia.org/wiki/Chicago_Spire
https://en.wikipedia.org/wiki/Doha_Tower_and_Convention_Center
https://en.wikipedia.org/wiki/Doha_Tower_and_Convention_Center
https://en.wikipedia.org/wiki/Burj_Al_Alam
https://en.wikipedia.org/wiki/Burj_Al_Alam
https://en.wikipedia.org/wiki/Palace_of_the_Soviets
https://en.wikipedia.org/wiki/Palace_of_the_Soviets
https://en.wikipedia.org/wiki/Xiamen_International_Centre
https://en.wikipedia.org/wiki/Xiamen_International_Centre
https://en.wikipedia.org/wiki/Faros_del_Panam%C3%A1
https://en.wikipedia.org/wiki/Faros_del_Panam%C3%A1
https://en.wikipedia.org/wiki/Skycity_(Mandaluyong)
https://en.wikipedia.org/wiki/Skycity_(Mandaluyong)

1.3 Research Aim

The aim of this research is to develop a machine learning-based framework
for delay mitigation in tall building projects. The framework is based on the premise
that the first step towards mitigating delays is identifying the causes, and further
controlling the risks of occurrence of the identified causes. Additionally, the
framework entails the use of predictive models developed based on machine learning
to estimate construction cost, duration and delay risk. Specifically, the objectives of

this research are as follows:

1.3.1 Research Objectives

1. To carry out a systematic literature review of studies on the causes of delay in
the global construction industry.

2. To identify and rank the causes of delay in tall building projects according to
various stakeholders across the project life cycle.

3. To develop models for estimating the cost, duration and delay-risk of tall
building projects based on machine-learning techniques.

4. To develop and validate a delay mitigation framework based on the results

obtained from the previous research objectives.

1.4  Research Scope

The scope of this research is project specific i.e. it focuses on tall building
projects. In this research, tall buildings are considered as per the definition of The
Council of Tall Buildings and Urban Habitat (CTBUH). CTBUH defines a tall
building as one exceeding 50m in height, while supertall buildings exceed 300m in
height, and mega-tall building exceeding 600m in height (Chew, 2017). The study is
also limited in terms of data collected on delay causes to the Gulf Cooperating
Council (GCC) countries (Saudi Arabia, United Arab Emirates, Bahrain, Kuwait,

Oman and Qatar). Countries in the GCC have drawn up ambitious development plans



in infrastructure and facilities with billions of US Dollars in investment (Abdelhadi
et al., 2018). This rapid growth in the region has positioned the GCC as a global
leader in tall building construction. Thus, Subjected Matter Experts (SMES) were
consulted in this region covering three main stages of the project life cycle
(Consultants, Contractors, and Clients’ Representatives/Facility Managers).
Furthermore, the source of the dataset on cost and duration used in this research is
the Mega Project Case Study Center of China, corroborated with information from
CTBUH’s skyscraper center. Remarkably, China according to CTBUH (2018)
accounts for 61.5% of 200-meter-tall buildings in the world in 2018, and has
maintained its role as the most prolific country in tall building construction for over

two decades.

In developing the models in this research, the choice of machine learning
algorithms was based on two factors: (1) methods commonly used in the problem’s
domain i.e. construction research; (2) based on Benz’ecri (1973)’s idea to “let the
data speak for itself”, i.e. experimenting with a suite of algorithms and determining
what works best for the dataset. This study considered Multi Linear Regression
Analysis (MLRA), Artificial Neural Networks (ANN), k Nearest Neighbors (KNN),
Support Vector Machines (SVM) and Ensemble techniques. These methods have
been adopted in similar construction research (Attal, 2010; Czarnigowska and
Sobotka, 2014; Pesko et al., 2017).

1.5  Methodology of the Study

The methodology adopted in this doctoral thesis is detailed in chapter 3, this
section however provides an overview of the research methodology. This research

work would be based on primary and secondary sources of data.

1. Primary sources of data: consultations with Subject Matter Experts (SMES)
by way of providing them with questionnaires to obtain their professional
feedback on various research issues. Professionals will include consultants,

contractors, and clients’ representatives/facility managers.



2.

Secondary sources of data: the extant published literature in the research
domain, and historical records of completed tall building projects.

The approach to be employed in achieving the objectives of this research are

summarized as follows:

(@)

(b)

(©)

Objective 01: A systematic literature review and meta-data analysis of the
causes of delay reported by influential research studies across the global
construction industry was carried out. This was used to establish the main
factors causing delay in the global construction industry, to be carried over

for further research.

Objective 02: The various factors causing construction delay identified in (a)
was used to develop a questionnaire. The developed questionnaire was
administered to construction SMEs across a project life cycle (Consultants,
Contractors, and Clients” Representatives/Facility Managers). A Likert scale
of importance from (1) to (5) was used to design the questionnaire in line
with previous studies that investigated the causes of delay, and the Relative
Importance Index (RII) was therefore computed. To test the reliability of the
questionnaire, the standardized Cronbach’s alpha (o) test was employed.
Also, Spearman’s rank correlation coefficient (ry) was employed to determine

the level of agreement between various respondent categories.

Objective 03: Historical data on the construction duration and costs of tall
building projects were obtained. Similarly, the questionnaire survey
developed in “Objective 02 was used to obtain the consequence of the delay
causes, along the importance ratings. The obtained information was further
processed to obtain risk ratings, and to develop a dataset structure suitable for
machine learning application. The Waikato Environment for Knowledge
Analysis (Weka 3.8.3) has been used in this research for pre-processing of the
dataset. Weka is an open source machine learning software written in Java,
and developed at the University of Waikato, New Zealand (Witten et al.,
2011). Predictive models for cost, duration and delay risk were developed
based on machine learning techniques such as Multi Linear Regression
(MLRA), k-Nearest Neighbors (KNN), Support Vector Machines (SVM),



Artificial Neural Network (ANN) and Ensemble techniques/Multi Classifier
Systems. The performance of the developed models were evaluated by
standard performance metrics used in machine learning for classification and
regression problems (i.e. Classification Accuracy, Correlation Co-efficient
(CC), Mean Absolute Percentage Error (MAPE), and Root Mean Squared
Error (RMSE)).

(d) Objective 04: A graphical representation of the proposed delay mitigation
framework was developed based on the most prevalent analytics model: the
Cross-Industry Standard Process for Data Mining (CRISP-DM). The
framework was further validated by highly experienced construction
professionals as regard its applicability, appropriateness, practicability, and

reliability.

1.6  Significance of the Study

The significance of this study is firstly reflected in addressing a current
problem in the construction industry, which is the increasing number of delayed tall
building projects. This trend deserves a call for research into traditional construction
issues that may affect tall building projects, including delays. Additionally, this study
has significant implications for research and practice. The study presented a thorough
analysis on the causes of delay in the global construction industry, which will form
the foundation for developing risk mitigation procedures in construction
management, especially in global construction projects. The study further provided
an assessment and identification of major delay causes in tall building projects.
Understanding the causes of delay in tall building projects is necessary as the first
step to mitigating the occurrence of these delays. This will be instrumental in the
development of guidelines and recommendations, as well as project control and
monitoring strategies for tall building projects. Furthermore, real estate investors
could use the causes of delay identified to carry out financial risk assessments in
project feasibility studies. As for the research implications, it would be interesting to
see how the results of this study will compare with future delay studies in tall



building projects from China and the USA, where there has been rapid development

of tall buildings in the past few decades.

Furthermore, this study demonstrates the adoption of machine learning in
solving an inherent problem in the industry. Thus, it promotes the current aspiration
of the construction industry for digitization and automation under the umbrella of
Construction 4.0. This study has proposed machine learning models to support a
reliable estimation of cost, duration and delay risk. With due consideration for the
limitations of data-driven models, the developed models could serve as decision
making tools at the preliminary stages of tall building projects. Construction
professionals in tall building projects will find it useful in establishing initial
estimates, and in risk-based project planning to avoid issues related to time overrun,
cost overrun, dispute, arbitration and litigation, total abandonment and dissatisfied
stakeholders. Ultimately, the main contribution of this research is in its
conceptualization and validation of a framework as a problem-solving strategy to
mitigate construction delays in tall building projects. The framework developed in
this study can be extended by other researchers to other project types. It could also
serve as the basis for the development of ICT tools to be incorporated in existing

project management tools for mitigating construction delay.

1.7 Structure of the Thesis

The structure of the thesis consists of five chapters. Chapter 2 presents the
relevant background literature on tall buildings, construction planning and
scheduling, construction delay causes, effects and mitigation, as well as Industry 4.0
and machine learning. Chapter 3 describes the various research methodologies used
in achieving the objectives of the study. Chapter 4 discusses the results of the four
objectives of the study. Chapter 5 presents a conclusion of the overall research study.

The contents of the various chapters are described in more detail as follows:



Chapter 2 presents an overview of global urbanization trends as well as the
evolution of tall building projects in the urban context. It highlights the historical
reasons for the existence of tall building projects, as well as the need for such
buildings in the 21 century, citing triggers such as urbanization, population increase,
and limited land space. Additionally, an overview of construction planning and
scheduling was discussed, while highlighting traditional and modern methods used in
construction cost and duration estimation. This was followed by a discussion on
issues related to productivity in the construction industry, and the desire for
modernization and digitization. Subsequently, an extensive review of construction
delay including definitions, types, causes, effects and mitigation was presented. A
systematic tabularization of past studies on construction delays was made based on
geographic location and project types. Finally, a brief narrative on Industry 4.0 (IR
4.0) was made, including machine learning techniques; as well as applications in

construction duration and cost estimation.

Chapter 3 presents a detailed illustration of the research methodology adopted
in the study. It describes in detail the approaches used to achieve the four objectives
of this doctoral thesis. Firstly, the procedure for executing the meta-analysis was
described. This entailed the extraction of data from the referenced literature and the
formulae used to compute the effect summaries-the main result of the meta-analysis.
Subsequently, the procedure used in achieving the second objective was described.
This entailed the questionnaire survey design and administration, alongside the
analysis approach and accompanying formulae, including procedures for computing
the Relative Importance Index (RI1I), Cronbach’s alpha (a) test and Spearman’s rank
correlation coefficient (r;). Next, a detailed description of the steps used to achieve
the third objective was provided. This involved dataset establishment, pre-
processing, investigation of various views of the dataset, feature sub-set selection,
hyperparameter optimization, and performance measurement. A description of the
procedure used to develop Multi Classifier Systems (MCS) was also presented.
Finally, the procedure used for the development and validation of the framework was

presented —which is the fourth and final objective of this doctoral thesis.



Chapter 4 presents the results of various issues investigated in the course of
this research. Firstly, the RII values extracted from selected influential studies were
presented. This information was used for a meta-analysis, and the results including
the effect summaries, confidence interval, in-group and overall ranking were
presented and discussed. Subsequently, the results obtained from the assessment of
the causes of delay in tall building projects in the GCC countries were presented.
Initially, the demographics of respondents were presented, followed by the RII
values calculated from the importance ratings, which were categorized according to
the  respondents’ groups (Consultants, Contractors, and Owner
Representative/Facility Managers). Similarly, results of Cronbach’s alpha («) test
and Spearman’s rank correlation coefficient (r;) were discussed. The discussion also
entailed a comparison of the top ten causes of delay in tall buildings from various
geographic regions. This chapter also presented the results of the developed models
for cost, duration and delay risk of tall building projects. The unique results
presented include an investigation of various views of the dataset, feature sub-set
selection, and the configuration of the developed models. A comparative analysis of
various models was made to determine the best performing model based on standard
performance metrics (Classification Accuracy, CC, RMSE, MAPE), as well as cross
plots of the actual and predicted values. Finally, this chapter described the validation
results of the proposed delay mitigation framework, highlighting the qualifications of
the professionals consulted as well as their feedback in terms of the applicability,

appropriateness, practicality and reliability of the framework.

Chapter 5 presents the conclusions of this doctoral thesis, summarizing the
main findings according to the four objectives of this research. Additionally,
contributions to theory and practice, limitations of the research, as well as

suggestions for further research are discussed.

10



REFERENCES

Aaditya Pratap Sanyal and S. P. BhattacharyaBhattacharya, S. P. (2018) A study of
the Causes of Schedule overrun in Indian High-rise construction using
Relative Importance Index, GSTF Journal of Engineering Technology (JET).

Abd El-Razek, M. E., Bassioni, H. A. and Mobarak, A. M. (2008a) ‘Causes of Delay
in Building Construction Projects in Egypt’, Journal of Construction
Engineering and Management, 134(11), pp. 831-841.

Abd El-Razek, M. E., Bassioni, H. A. and Mobarak, A. M. (2008b) ‘Causes of Delay
in Building Construction Projects in Egypt’, Journal of Construction
Engineering and Management, 134(11), pp. 831-841.

Abdelhadi, Y., Dulaimi, M. F. and Bajracharya, A. (2018) ‘Factors influencing the
selection of delay analysis methods in construction projects in UAE’,
International Journal of Construction Management. Taylor & Francis, pp. 1-
12.

Abdul-Rahman, H., Berawi, M. A., Berawi, A. R., Mohamed, O., Othman, M., and
Yahya, I. A. (2006). Delay mitigation in the Malaysian construction
industry. Journal of construction engineering and management, 132(2), 125-
133.

Abdul-Rahman, H., Yahya, . A., Berawi, M. A., and Wah, L. W. (2008). Conceptual
delay mitigation model wusing a project learning approach in
practice. Construction Management and Economics, 26(1), 15-27.

Abedi, M., Fathi, M. S., and Mohammad, M. F. (2011). Major mitigation measures
for delays in construction projects. In The First Iranian Students Scientific
Conference in Malaysia (Vol. 9).

Abu Hammad, A.A., Ali, S. A., Sweis, G. J., & Bashir, A. (2008) Prediction Model
for Construction Cost and Duration in Jordan, Jordan Journal of Civil
Engineering.

Adeli, H. (2020). Four Decades of Computing in Civil Engineering. In CIGOS 2019,
Innovation for Sustainable Infrastructure (pp. 3-11). Springer, Singapore.

Adewumi, A. A., Owolabi, T. O., Alade, 1. O., & Olatunji, S. O. (2016) ‘Estimation

of physical, mechanical and hydrological properties of permeable concrete

167



using computational intelligence approach’, Applied Soft Computing.
Elsevier, 42, pp. 342-350.

Aibinu, A. . and Jagboro, G. . (2002) ‘The effects of construction delays on project
delivery in Nigerian construction industry’, International Journal of Project
Management. Pergamon, 20(8), pp. 593-599.

Aibinu, A. A. and Odeyinka, H. A. (2006) ‘Construction Delays and Their Causative
Factors in Nigeria’, Journal of Construction Engineering and Management,
132(7), pp. 667-677.

Akande, K. O., Owolabi, T. O. and Olatunji, S. O. (2015) ‘Investigating the effect of
correlation-based feature selection on the performance of support vector
machines in reservoir characterization’, Journal of Natural Gas Science and
Engineering. Elsevier, 22, pp. 515-522.

Al-Hammadi, S. (2015) ‘An investigation into current tendering process in Saudi
construction projects’.

Al-Kharashi, A. and Skitmore, M. (2009) ‘Causes of delays in Saudi Arabian public
sector construction projects’, Construction Management and Economics,
27(1), pp. 3-23.

Al-Momani, A. (2000) ‘Construction delay: a quantitative analysis’, International
journal of project management.

Al-Momani, A. H. (2000) ‘Construction delay: a quantitative analysis’, International
Journal of Project Management. Pergamon, 18(1), pp. 51-59.

Al-Kharashi, A. and Skitmore, M. (2009) ‘Causes of delays in Saudi Arabian public
sector construction projects’, Construction Management and Economics.
Taylor & Francis , 27(1), pp. 3-23.

Alaghbari, W. et al. (2007) ‘The significant factors causing delay of building
construction projects in Malaysia’, Engineering, Construction and
Architectural Management. Emerald Group Publishing Limited, 14(2), pp.
192-206.

Alaghbari, W. et al. (2007) ‘The significant factors causing delay of building
construction projects in Malaysia’, Engineering, Construction and
Architectural Management, 14(2), pp. 192-206.

Ali, M. M. and Al-Kodmany, K. (2012) ‘Tall Buildings and Urban Habitat of the
21st Century: A Global Perspective’, Buildings, 2(4), pp. 384-423.

Alinaitwe, H., Apolot, R. and Tindiwensi, D. (2013) ‘Investigation into the Causes of

168



Delays and Cost Overruns in Uganda’s Public Sector Construction Projects’,
Journal of Construction in Developing Countries, 18(2), pp. 33-47.

Alkass, S., Mazerolle, M. and Harris, F. (1996) ‘Construction delay analysis
techniques’, Construction Management and Economics. Taylor & Francis
Group , 14(5), pp. 375-394.

Alkhalid, K. (2011) ‘Using Integrated Project Delivery (IPD) to Resolve the Major
Construction Project Delay Causes in Saudi Arabia’.

Al-Khalil, M. I., and Al-Ghafly, M. A. (1999). Delay in public utility projects in
Saudi Arabia. International Journal of Project Management, 17(2), 101-106.

Al-Kodmany, K. (2018). The sustainability of tall building developments: A
conceptual framework. Buildings, 8(1), 7.

AlSehaimi, A. (2011). Improving construction planning practice in Saudi Arabia by
means of lean construction principles and techniques (Doctoral dissertation,
University of Salford).

AlSehaimi, A., Koskela, L. and Tzortzopoulos, P. (2013) ‘Need for Alternative
Research Approaches in Construction Management: Case of Delay Studies’,
Journal of Management in Engineering, 29(4), pp. 407-413.

Alzara, M., Kashiwagi, J., Kashiwagi, D. and Al-Tassan, A., 2016. Using PIPS to
minimize causes of delay in Saudi Arabian construction projects: university
case study. Procedia Engineering, 145, pp.932-939.

Amoatey, C. T., Lundin, R. A., Tryggestad, K., Ameyaw, Y. A., Adaku, E., &
Famiyeh, S. (2015) ‘Analysing delay causes and effects in Ghanaian state
housing construction projects’, International Journal of Managing Projects in
Business, 8(1), pp. 198-214.

Arafa, M., and Algedra, M. (2011). Early Stage Cost Estimation of Buildings
Construction Projects using Artificial Neural Networks. Journal of Artificial
Intelligence.

Arain, F. M., Pheng, L. S. and Assaf, S. a. (2006) ‘Contractors’ Views of the
Potential Causes of Inconsistencies between Design and Construction in
Saudi Arabia’, Journal of Performance of Constructed Facilities, 20(1), pp.
74-83.

Arditi, D., Akan, G. T., and Gurdamar, S. (1985). Reasons for delays in public
projects in Turkey. Construction management and economics, 3(2), 171-181.

Arditi, D. and Pattanakitchamroon, T. (2006) ‘Selecting a delay analysis method in

169



resolving construction claims’, International Journal of Project Management.
Pergamon, 24(2), pp. 145-155.

Assaf, S. A. and Al-Hejji, S. (2006) ‘Causes of delay in large construction projects’,
International Journal of Project Management, 24(4), pp. 349-357.

Assaf, S. A., Al-Khalil, M. and Al-Hazmi, M. (1995) ‘Causes of Delay in Large
Building Construction Projects’, Journal of Management in Engineering.
American Society of Civil Engineers, 11(2), pp. 45-50.

Assaf, S., Hassanain, M. A. and Abdallah, A. (2018) ‘Review and assessment of the
causes of deficiencies in design documents for large construction projects’,
International Journal of Building Pathology and Adaptation, 36(3), pp. 300—
317.

Attal, A., (2010). Development of neural network models for prediction of highway
construction cost and project duration (Doctoral dissertation, Ohio
University).

Aziz, R. F. and Abdel-Hakam, A. A. (2016) ‘Exploring delay causes of road
construction projects in Egypt’, Alexandria Engineering Journal. Elsevier,
55(2), pp. 1515-1539.

Baldwin, J. R., Manthei, J. M., Rothbart, H., & Harris, R. B. (1971). Causes of delay
in the construction industry. Journal of the Construction Division, 97(2), 177-
187.

Ballesteros-Pérez, P., Larsen, G.D., and Gonzalez-Cruz, M.C., (2018). Do projects
really end late? On the shortcomings of the classical scheduling
techniques. JOTSE: Journal of technology and science education, 8(1), 17-
33.

Ballesteros-Perez, P., Sanz-Ablanedo, E., Soetanto, R., Gonzalez-Cruz, M.C.,
Larsen, G.D., and Cerezo-Narvaez, A., (2019). On the duration and cost
variability of construction activities: an empirical study. Journal of
Construction Engineering and Management

Banobi, E. T., & Jung, W. (2019). Causes and Mitigation Strategies of Delay in
Power Construction Projects: Gaps between Owners and Contractors in
Successful and Unsuccessful Projects. Sustainability, 11(21), 5973.

Bassioni, H. A., Price, A. D., & Hassan, T. M. (2003). The development of a
comprehensive framework for measuring business performance in

construction.

170



Basu, A. (2017) ‘How to conduct meta-analysis: A Basic Tutorial’, University of
Canterbury, (May), pp. 1-15.

Benzécri, J. P. (1973). L'analyse des données (Vol. 2, p. ). Paris: Dunod.

Bhangale, P. P. (2017). Investigation of Causes of Delay in High Rise Building
Project and Remedial Measures Case Study-Pune.

Bhokah S., and Ogunlana S.O. (1999). Application of artificial neural network to
forecast  construction duration of buildings at the predesign
stage. Engineering, Construction and Architectural Management, 6(2), 133-
144,

Bielefeld, B. (2008) Basics Construction Scheduling.

Blyth, K., Lewis, J. and Kaka, A. (2004) ‘predicting project and activity duration for
buildings in the uk’, 5(2), pp. 329-347.

Borenstein, M., Hedges, L. V., Higgins, J. P., and Rothstein, H. R. (2009).
Introduction to meta-analysis. West Sussex, England: John Wiley & Sons Ltd.

Bos, F., Wolfs, R., Ahmed, Z., and Salet, T. (2016). Additive manufacturing of
concrete in construction: potentials and challenges of 3D concrete
printing. Virtual and Physical Prototyping, 11(3), 209-225.

Bosscher, P., Williams Il, R. L., Bryson, L. S., & Castro-Lacouture, D. (2007).
Cable-suspended  robotic  contour  crafting  system. Automation in
construction, 17(1), 45-55.

Braimah, N. (2013) ‘Construction Delay Analysis Techniques—A Review of
Application Issues and Improvement Needs’, Buildings, 3, pp. 506-531.

Bre, F., Gimenez, J. M., and Fachinotti, V. D. (2018). Prediction of wind pressure
coefficients on building surfaces using artificial neural networks. Energy and
Buildings, 158, 1429-1441.

Breiman, L. (1996). Bagging predictors. Machine learning, 24(2), 123-140.

Breiman, L. (2001). Using iterated bagging to debias regressions. Machine
Learning, 45(3), 261-277.

Bromilow, F.J., (1969). Contract time performance expectations and the reality.
In Building forum, 1(3), 70-80.

Brownlee, J.,, 2018. Machine learning mastery with  Weka. URL:
https://machinelearningmastery.com/machine-learning-mastery-weka/

Bryman, A., and Cramer, D. (1994). Quantitative data for social scientists.

Bryman, A., & Bell, E. (2003). Business research methods. Oxford: Oxford

171


about:blank

University Press.

Bubshait, B. A. A. and Cunningham, M. J. (1998) ‘comparison of delay analysis
methodologies’, 124, pp. 315-322.

Budayan, C., Dikmen, 1., Birgonul, M. T., and Ghaziani, A. (2018). A computerized
method for delay risk assessment based on fuzzy set theory using MS
Project™. KSCE Journal of Civil Engineering, 22(8), 2714-2725.

Burke, C. M., & Harris, M. J. (2016). Acceleration and mitigation of project delays.
In Construction Contract Claims, Changes, and Dispute Resolution (pp. 139-
152). Reston, VA: American Society of Civil Engineers.

Bustani, S. A., and lzam, Y. D. (1999). Predictive duration models for building
construction projects in Nigeria. Journal of Environmental Sciences, 3(2),
131-135.

Buswell, R. A. et al. (2007) ‘Automation in construction’, 16(2).

Bunker, R. P., and Thabtah, F. (2019). A machine learning framework for sport
result prediction. Applied computing and informatics, 15(1), 27-33.

Canziani, A., Paszke, A., & Culurciello, E. (2016). An analysis of deep neural
network models for practical applications. arXiv preprint arXiv:1605.07678.

Chai, C. S., Yusof, A. M., and Habil, H. (2015). Delay mitigation in the Malaysian
housing industry: A structural equation modelling approach. Journal of
Construction in Developing Countries, 20(1), 65.

Chan, D. W. and Kumaraswamy, M. M. (1997) ‘A comparative study of causes of
time overruns in Hong Kong construction projects’, International Journal of
Project Management. Pergamon, 15(1), pp. 55-63.

Chan, D. W. M. and Kumaraswamy, M. M. (1999) ‘Forecasting construction
durations for public housing projects: a Hong Kong perspective’, Building
and environment, 34(5), pp. 633-646.

Chen, G. X., Shan, M., Chan, A. P., Liu, X., & Zhao, Y. Q. (2019). Investigating the
causes of delay in grain bin construction projects: the case of
China. International Journal of Construction Management, 19(1), 1-14.

Chen, S. M., Chen, P. H., & Chang, L. M. (2012). Simulation and analytical
techniques for construction resource planning and scheduling. Automation in
construction, 21, 99-113.

Chew, M. Y. L. (2017) Construction Technology for Tall Buildings.

Choi, S., Kim, Y. J., Briceno, S., & Mauvris, D. (2016). Prediction of weather-induced

172



airline delays based on machine learning algorithms. In 2016 IEEE/AIAA
35th Digital Avionics Systems Conference (DASC) (pp. 1-6). IEEE.

Chua, D. K. H., Nguyen, T. Q. and Yeoh, K. W. (2013) ‘Automated construction
sequencing and scheduling from functional requirements’, Automation in
Construction. Elsevier B.V., 35, pp. 79-88.

Cortes, C. and Vapnik, V. (1995) ‘Support-vector networks’, Machine Learning.
Kluwer Academic Publishers, 20(3), pp. 273-297.

CTBUH, (2014). Dreams deferred: unfinished tall buildings. CTBUH Journal, Issue
4,

CTBUH, (2018). CTBUH Year in Review: Tall Trends of 2018. Available at:
https://www.skyscrapercenter.com/research/CTBUH_ResearchReport_2018Y
earInReview.pdf. Accessed 21, Sept. 2020

Czarnigowska, A. and Sobotka, A. (2014) ‘Estimating Construction Duration for
Public Roads During the Preplanning Phase’, 4(1), pp. 26-35.

Dainty, A. (2008). Methodological pluralism in construction management
research. Advanced research methods in the built environment, 1, 1-13.

Deka, P. C. (2019). A Primer on Machine Learning Applications in Civil
Engineering. CRC Press.

Dietterich, T. G. (2000) ‘Ensemble Methods in Machine Learning’, in. Springer,
Berlin, Heidelberg, pp. 1-15.

Dlakwa, M. M., and Culpin, M. F. (1990). Reasons for overrun in public sector
construction projects in Nigeria. International Journal of Project
Management, 8(4), 237-241.

Doloi, H. et al. (2012) ‘Analysing factors affecting delays in Indian construction
projects’, International Journal of Project Management. Pergamon, 30(4),
pp. 479-489.

Dulaimi, M. Al (2015) ‘Common Delay Analysis Methods and Factors Influencing
the Selection of Such Methods in Construction Projects in UAE

Dzeng, R.-J. and Tommelein, I. D. (2004) ‘Product modeling to support case-based
construction planning and scheduling’, Automation in Construction. Elsevier,
13(3), pp. 341-360.

Egan, J. (1998). Rethinking construction. Department of Environment, Transport and
the Region.

El-Kholy, A. M. (2019). Exploring the best ANN model based on four paradigms to

173



predict delay and cost overrun percentages of highway projects. International
Journal of Construction Management, 1-19.

El-Razek, M. A. (2008) ‘Causes of delay in building construction projects in Egypt’,
Journal of Construction

Enshassi, A., Al-Najjar, J. and Kumaraswamy, M. (2009) ‘Delays and cost overruns
in the construction projects in the Gaza Strip’, Journal of Financial
Management of Property and Construction. Emerald Group Publishing
Limited, 14(2), pp. 126-151.

Ezeldin, A. S. and Abdel-Ghany, M. (2013) ‘Causes of Construction Delays for
Engineering Projects: An Egyptian Perspective’, in AEI 2013. Reston, VA:
American Society of Civil Engineers, pp. 54-63.

Faghihi, V., Nejat, A., Reinschmidt, K.F. and Kang, J.H., 2015. Automation in
construction scheduling: a review of the literature. The International Journal
of Advanced Manufacturing Technology, 81(9-12), 1845-1856.

Fallahnejad, M. H. (2013) ‘Delay causes in Iran gas pipeline projects’, International
Journal of Project Management. Pergamon, 31(1), pp. 136-146.

Faridi, A. S. and El-Sayegh, S. M. (2006) ‘Significant factors causing delay in the
UAE construction industry’, Construction Management and Economics,
24(11), pp. 1167-1176.

Farmer, M. (2016). Modernise or Die-Time to decide the industry’s
future. Construction Leadership Council.

Fellows, R. F., and Liu, A. M. (2015). Research methods for construction. John
Wiley & Sons.

Fischer, M. A. and Aalami, F. (1996) ‘Scheduling with Computer-Interpretable
Construction Method Models’, Journal of Construction Engineering and
Management, 122(4), pp. 337-347.

Fix, E. and Hodges, J. (1951). Discriminatory analysis, nonparametric
discrimination: Consistency properties. Technical Report 4, USAF School of
Aviation Medicine, Randolph Field, Texas.

Frimpong, Y., Oluwoye, J. and Crawford, L. (2003) ‘Causes of delay and cost
overruns in construction of groundwater projects in a developing countries;
Ghana as a case study’, International Journal of Project Management.
Pergamon, 21(5), pp. 321-326.

Fugar, F. D. and Agyakwah-Baah, A. B. (2010) ‘Delays in Building Construction

174



Projects in Ghana’, Construction Economics and Building, 10(1-2), p. 103.

Galway, L. (2004). Quantitative risk analysis for project management: A critical
review. RAND Corporation.

Gao S., Low S.P. (2014) Research Methodology. In: Lean Construction
Management. Springer, Singapore.

Gao, Y., & Tian, X. L. (2020). Prefabrication Policies and the Performance of
Construction Industry in China. Journal of Cleaner Production, 120042.

Garcia de Soto, B. (2014). A methodology to make accurate preliminary estimates of
construction material quantities for construction projects (Doctoral
dissertation, ETH Zurich).

Gondia, A., Siam, A., ElI-Dakhakhni, W., & Nassar, A. H. (2020). Machine Learning
Algorithms for Construction Projects Delay Risk Prediction. Journal of
Construction Engineering and Management, 146(1), 04019085.

Gonzélez, P. et al. (2014) ‘Analysis of Causes of Delay and Time Performance in
Construction Projects’, Journal of Construction Engineering and
Management, 140(1), p. 04013027.

Guidotti, R., Monreale, A., Ruggieri, S., Turini, F., Giannotti, F., & Pedreschi, D.
(2018). A survey of methods for explaining black box models. ACM
computing surveys (CSUR), 51(5), 1-42.

Gunduz, M., Nielsen, Y. and Ozdemir, M. (2015) ‘Fuzzy Assessment Model to
Estimate the Probability of Delay in Turkish Construction Projects’, Journal
of Management in Engineering, 31(4), p. 04014055.

Giindiiz, M., Nielsen, Y. and Ozdemir, M. (2013) ‘Quantification of Delay Factors
Using the Relative Importance Index Method for Construction Projects in
Turkey’, Journal of Management in Engineering, 29(2), pp. 133-139.

Gunduz, M., & Al-Naimi, N. H. (2021). Construction projects delay mitigation using
integrated balanced scorecard and quality function deployment. Engineering,
Construction and Architectural Management.

Hall, M., Frank, E., Holmes, G., Pfahringer, B., Reutemann, P., & Witten, I. H.
(2009). The WEKA data mining software: an update. ACM SIGKDD
explorations newsletter, 11(1), 10-18.

Hamzah, N. et al. (2011) ‘Cause of Construction Delay - Theoretical Framework’,
Procedia Engineering. Elsevier, 20, pp. 490—495.

Haseeb, M., Bibi, A. and Rabbani, W. (2011) ‘problems of projects and effects of

175



delays in the construction industry of pakistan’, Australian Journal of
Business and Management Research, 1(5).

Haslinda, A. N., Xian, T. W., Norfarahayu, K., Hanafi, R. M., & Fikri, H. M. (2018).
Investigation on the factors influencing construction time and cost overrun
for high-rise building projects in penang. In Journal of Physics: Conference
Series (Vol. 995, No. 1, p. 012043). IOP Publishing.

Heale, R., and Forbes, D. (2013). Understanding triangulation in research. Evidence-
Based Nursing, 16(4), 98-98.

Hendrickson, B. C. et al. (1987a) ‘Hierarchical rule-based activity duration
estimation’, 113(2), pp. 288-301.

Hendrickson, C., Zozaya-Gorostiza, C., et al. (1987b) ‘Expert System for
Construction Planning’, Journal of Computing in Civil Engineering, 1(4), pp.
253-269.

Hicks, C.R. (1982). Fundamental concepts in the design of experiments, 3" ed, Holt -
Saunders International, Philadelphia.

Hinze, J. (2011) ‘Construction planning and scheduling’.

Hoffman, G. J. et al. (2007) ‘Estimating Performance Time for Construction
Projects’, 23(October), pp. 193-199.

Holt, G. D. (2014). Asking questions, analysing answers: relative importance
revisited. Construction Innovation, 14(1), 2-16.

Hossen, M. M., Kang, S., & Kim, J. (2015). Construction schedule delay risk
assessment by using combined AHP-RII methodology for an international
NPP project. Nuclear engineering and technology, 47(3), 362-379.

Ibrahim, C.K.I.C., Costello, S. B., and Wilkinson, S. (2015). Development of an
assessment tool for team integration in alliance projects. International
Journal of Managing Projects in Business.

International Organization for Standardization Technical Committee. (2018). Risk
Management-Guidelines (Standard No. ISO 31000: 2018). Washington, DC:
International Organization for Standardization.

Jin, R. et al. (2016) ‘Application of Case-Based Reasoning for Estimating
Preliminary Duration of Building Projects’, 142(2), pp. 1-8.

Jongo, J.S. Tesha, D.N.G.A.K., Kassonga, R., Teyanga, J.J., and Lyimo, K.S,,
(2019); "Mitigation Measures in Dealing with Delays and Cost Overrun in

176



Public Building Projects in Dar-Es-Salaam, Tanzania", International Journal
of Construction Engineering and Management, 08(03), Pg. 81-96

Jose Luis Blanco, Steffen Fuchs, Matthew Parsons, and Maria Joao Ribeirinho
(2018). Artificial intelligence: Construction technologys next frontier.

Kagermann, H., Wahlster, W., & Helbig, J. (2013). Securing the future of German
manufacturing industry: Recommendations for implementing the strategic
initiative INDUSTRIE 4.0. Final report of the Industrie, 4(0).

Kaliba, C., Muya, M. and Mumba, K. (2009) ‘Cost escalation and schedule delays in
road construction projects in Zambia’, International Journal of Project
Management. Pergamon, 27(5), pp. 522-531.

Kaming, P. F. et al. (1997) ‘Factors influencing construction time and cost overruns
on high-rise projects in Indonesia’, Construction Management and
Economics. Taylor & Francis Group , 15(1), pp. 83-94.

Kaplan, A. and Haenlein, M. (2019) “Siri, Siri, in my hand: Who’s the fairest in the
land? On the interpretations, illustrations, and implications of artificial
intelligence’, Business Horizons. Elsevier, 62(1), pp. 15-25.

Kashiwagi, J. et al. (2015) ‘Using PIPS to minimize causes of delay in Saudi Arabian
construction projects: university case study-review under responsibility of
organizing committee of the International Conference on Sustainable Design,
Engineering and Construction 2015°.

Kazaz, A., Ulubeyli, S. and Tuncbilekli, N. A. (2012) ‘Causes of Delays in
Construction Projects in Turkey’, Journal of Civil Engineering and
Management. Taylor & Francis Group , 18(3), pp. 426-435.

Kirkpatrick, K. (2018) ‘The Construction Industry in the 2Ist Century’,
COMMUNICATIONS OF THE ACM | MARCH, 61(3).

Kesavan, M., Gobidan, N. N. and Dissanayake, P. B. G. (2015) ‘Analysis of Factors
Contributing Civil Engineering Project Delays in Sri Lanka’, pp. 11-13.

Khair, K., Mohamed, Z., Mohammad, R., Farouk, H., & Ahmed, M. E. (2018). A
management framework to reduce delays in road construction projects in
Sudan. Arabian journal for science and engineering, 43(4), 1925-1940.

Khattri, T. et al. (2016) ‘Causes And Effects Of Delay In Construction Project’,
International Research Journal of Engineering and Technology.

Khoshnevis, B. (2004) ‘Automated construction by contour crafting—related

robotics and information technologies’, Automation in Construction. Elsevier,

177



13(1), pp. 5-19.

Khoshnevis, B. et al. (2006) ‘Mega-scale fabrication by Contour Crafting’,
International Journal of Industrial and Systems Engineering, 1(3), p. 301.

Kikwasi, G. (2013) ‘Causes and Effects of Delays and Disruptions in Construction
Projects in Tanzania’, Australasian Journal of Construction Economics and
Building - Conference Series, 1(2), p. 52.

Kim, G.H., An, S.H. and Kang, K.I. (2004) ‘Comparison of construction cost
estimating models based on regression analysis, neural networks, and case-
based reasoning’, Building and Environment. Pergamon, 39(10), pp. 1235—
1242,

Kim, S. Y., Van Tuan, N., & Ogunlana, S. O. (2009). Quantifying schedule risk in
construction projects using Bayesian belief networks. International Journal
of Project Management, 27(1), 39-50.

Kim, Y. J., Choi, S., Briceno, S., & Mauvris, D. (2016). A deep learning approach to
flight delay prediction. In 2016 IEEE/AIAA 35th Digital Avionics Systems
Conference (DASC) (pp. 1-6). IEEE.

Kog, Y. C. (2017). Project management and delay factors of public housing
construction. Practice ~ Periodical ~on  Structural ~ Design  and
Construction, 23(1), 04017028.

Koo, C., Hong, T., Hyun, C. and Koo, K., 2010. A CBR-based hybrid model for
predicting a construction duration and cost based on project characteristics in
multi-family housing projects. Canadian Journal of Civil Engineering, 37(5),
pp.739-752.

Koushki, P. A., Al-Rashid, K. and Kartam, N. (2005) ‘Delays and cost increases in
the construction of private residential projects in Kuwait’, Construction
Management and Economics. Taylor & Francis Group , 23(3), pp. 285-294.

Kraiem, Z. M. and Diekmann, J. E. (1987) ‘Concurrent Delays in Construction
Projects’, Journal of Construction Engineering and Management, 113(4), pp.
591-602.

Kumar, N., Ratne, R. and Chauhan, V. (no date) ‘Planning, Scheduling and Delay
Analysis of Construction Project’, 02(06), pp. 2565-2568.

Kumaraswamy, M. M. and Chan, D. W. M. (1998) ‘Contributors to construction
delays’, Construction Management and Economics. Taylor & Francis Group
, 16(1), pp. 17-29.

178



Kuncheva, L. I. (2014). Combining pattern classifiers: methods and algorithms. John
Wiley & Sons.

Larrafiaga, P., Atienza, D., Diaz-Rozo, J., Ogbechie, A., Puerto-Santana, C. E., &
Bielza, C. (2018). Industrial Applications of Machine Learning. CRC Press.

Larsen, J. K. et al. (2016) ‘Factors Affecting Schedule Delay, Cost Overrun, and
Quality Level in Public Construction Projects’, Journal of Management in
Engineering, 32(1), p. 04015032.

Latham, S. M. (1994). Constructing the team.

Le-Hoai, L., Lee, Y. D. and Lee, J. Y. (2008) ‘Delay and cost overruns in Vietnam
large construction projects: A comparison with other selected countries’,
KSCE Journal of Civil Engineering. Korean Society of Civil Engineers,
12(6), pp. 367-377.

Le, T. T. et al. (2012) ‘Mix design and fresh properties for high-performance printing
concrete’, Materials and Structures. Springer Netherlands, 45(8), pp. 1221-
1232.

Lee, H.-S., Lee, J.-Y. and Lee, J.-S. (1999) ‘Nonshored Formwork System for Top-
Down Construction’, Journal of Construction Engineering and Management,
125(6), pp. 392-399.

Lek, S. and Guégan, J. F. (1999) ‘Artificial neural networks as a tool in ecological
modelling, an introduction’, Ecological Modelling. Elsevier, 120(2-3), pp.
65-73.

Lekan, A. (2011) neural network-based cost predictive model for building works.

Lessing, B., Thurnell, D. and Durdyev, S. (2017) ‘Main Factors Causing Delays in
Large Construction Projects: Evidence from New Zealand’.

Li, Y., Lu, K., & Lu, Y. (2017). Project schedule forecasting for skyscrapers. Journal
of Management in Engineering, 33(3), 05016023.

Liao, Y., Deschamps, F., Loures, E. D. F. R., & Ramos, L. F. P. (2017). Past, present
and future of Industry 4.0-a systematic literature review and research agenda
proposal. International Journal of Production Research, 55(12), 3609-3629.

Lin, M. C., Tserng, H. P.,, Ho, S. P., & Young, D. L. (2011). Developing a
construction-duration model based on a historical dataset for building
project. Journal of Civil Engineering and Management, 17(4), 529-539.

Liu, H., Al-Hussein, M. and Lu, M. (2015) ‘BIM-based integrated approach for

detailed construction scheduling under resource constraints’, Automation in

179



Construction.

Lloret, E. et al. (2015) ‘Complex concrete structures: Merging existing casting
techniques with digital fabrication’, Computer-Aided Design. Elsevier, 60,
pp. 40-49.

Lo, T. Y., Fung, I. W. and Tung, K. C. (2006) ‘Construction Delays in Hong Kong
Civil Engineering Projects’, Journal of Construction Engineering and
Management, 132(6), pp. 636-649.

Losee, J. (2001). A historical introduction to the philosophy of science. OUP Oxford.

Love, P.E.D., Li, H. Irani, Z., Treloar, G.J. and Faniran, O.O. (2000). MiDiCON: A
model for mitigating delays in construction. Paper presented at the 1st
International Conference on Systems Thinking in Management, ICSTM2000.
Geelong, Australia, 8-10 November.

Lowe, D. J., Emsley, M. W., & Harding, A. (2006). Predicting construction cost
using multiple regression techniques. Journal of construction engineering
and management, 132(7), 750-758.

Mackova, D. et al. (2017) ‘Construction-Duration Prediction Model for Residential
Buildings in Slovak Republic Based on Computer Simulation’, 12(13), pp.
3590-3599.

Mahamid, 1., Bruland, A. and Dmaidi, N. (2012) ‘Causes of Delay in Road
Construction Projects’, Journal of Management in Engineering, 28(3), pp.
300-310.

Mansfield, N., Ugwu, O. and Doran, T. (1994) ‘Causes of delay and cost overruns in
Nigerian construction projects’, International Journal of Project
Management. Pergamon, 12(4), pp. 254-260.

Marzouk, M. M. and El-Rasas, T. I. (2014) ‘Analyzing delay causes in egyptian
construction projects’, Journal of Advanced Research. Cairo University, 5(1),
pp. 49-55.

Masood, R. et al. (2015) ‘Investigating the Delay Factors of Construction Projects in
Metropolitan City of a Developing Country’, J. Civil Eng. Architect. Res,
2(9), pp. 947-955.

Maués, L. M. F. et al. (2017) ‘Construction delays: a case study in the Brazilian
Amazon’, Ambiente Construido. Associacdo Nacional de Tecnologia do
Ambiente Construido - ANTAC, 17(3), pp. 167-181.

Muneeswaran, G., Manoharan, P., Awoyera, P. O., & Adesina, A. (2018). A

180



statistical approach to assess the schedule delays and risks in Indian
construction industry. International Journal of Construction Management, 1-
12.

Mbala, M., Aigbavboa, C., & Aliu, J. (2018, July). Causes of Delay in Various
Construction Projects: A Literature Review. In International Conference on
Applied Human Factors and Ergonomics (pp. 489-495). Springer, Cham.

McCulloch, W. S., & Pitts, W. (1943). A logical calculus of the ideas immanent in
nervous activity. The bulletin of mathematical biophysics, 5(4), 115-133.

Megha, D. and Rajiv, B. (2008) ‘A Methodology for Ranking of Causes of Delay for
Residential Construction Projects in Indian Context’, Certified Journal,
9001(3).

Mensah, 1., Nani, G. and Adjei-kumi, T. (2016) ‘Development of a Model for
Estimating the Duration of Bridge Construction Projects in Ghana’, 5(2), pp.
55-64.

Meyer, W. G. (2015). Quantifying risk: measuring the invisible. Paper presented at
PMI® Global Congress 2015— EMEA, London, England. Newtown Square,
PA: Project Management Institute.

Mezher, T. M. and Tawil, W. (1998) ‘Causes of delays in the construction industry in
Lebanon’, Engineering, Construction and Architectural Management, 5(3),
pp. 252-260.

Miles, M. B., & Huberman, A. M. (1984). Qualitative data analysis: A sourcebook of
new methods. In Qualitative data analysis: a sourcebook of new methods.
Sage publications.

Mitkus, S. and Mitkus, T. (2014) ‘Causes of Conflicts in a Construction Industry: A
Communicational Approach’, Procedia - Social and Behavioral Sciences.
Elsevier, 110, pp. 777-786.

Mohan, S. (1990) ‘Expert Systems Applications in Construction Management and
Engineering’, Journal of Construction Engineering and Management, 116(1),
pp. 87-99.

Montazer, M., Rebolj, D., and Heck, D. (2017) A Comparison Review of Automated
Construction Scheduling Methods. In Lean and Computing in Construction
Congress - Joint Conference on Computing in Construction, Heraklion,
Greece.

Moon, K. S. (2015). Supertall Asia/Middle East: Technological Responses and

181



Contextual Impacts. Buildings, 5(3), 814-833.

Moselhi, O. and Nicholas, M. J. (1990) ‘Hybrid Expert System for Construction
Planning and Scheduling’, Journal of Construction Engineering and
Management, 116(2), pp. 221-238.

Mostafa Kolb, by H. et al. (2017) Guidelines for Delay Control in Construction
Projects, PM World Journal Guidelines for Delay Control in Construction
Projects.

Motaleb, O. H. (2020). Development of a risk response model to handle delays of
construction projects in the United Arab Emirates (Doctoral dissertation).

Muhwezi, L., Acai, J., & Otim, G. (2014). An assessment of the factors causing
delays on building construction projects in Uganda. International journal of
construction engineering and management, 3(1), 13-23.

Nasir, D., McCabe, B. and Hartono, L. (2003) ‘Evaluating Risk in Construction—
Schedule Model (ERIC-S): Construction Schedule Risk Model’, Journal of
Construction Engineering and Management, 129(5), pp. 518-527.

Newman, P. (2001). Sustainability and Cities: The Role of Tall Buildings in this
New Global Agenda. Tall Buildings and Urban Habitat, (903), 75.

Neyeloff, J. L., Fuchs, S. C. and Moreira, L. B. (2012) ‘Meta-analyses and Forest
plots using a microsoft excel spreadsheet: Step-by-step guide focusing on
descriptive data analysis’, BMC Research Notes. BioMed Central Ltd, 5(1), p.
52.

Ng, S. T., Deng, M. Z., Lam, K. C., and Skitmore, M. (2000). A conceptual case-
based decision model for mitigating construction delays. International
Journal of Construction Information Technology, 8(2), 1-20.

Ng, L.F. (2007). Determinant factors of implementing build then sell in Malaysia:
Housing developers point of view. MSc diss. Universiti Sains Malaysia,
Pulau Pinang, Malaysia.

Odeh, A. M. and Battaineh, H. T. (2002) ‘Causes of construction delay: traditional
contracts’, International Journal of Project Management. Pergamon, 20(1),
pp. 67-73.

Odeyinka, H. and Oladapo, A. A. (1997) ‘The causes and effects of construction
delays on completion cost of housing project in Nigeria’, Article in Journal of
Financial Management of Property and Construction.

Ogunlana, S., Promkuntong, K. and Jearkjirm, V. (1996) ‘Construction delays in a

182



fast-growing economy: comparing Thailand with other economies’,
International Journal of project ...

O’Keefe, R. M., Balci, O., & Smith, E. P. (1986). Validation of expert system
performance. Working paper (TR 86-37), Virginia Tech.

Okpala, D. C., and Aniekwu, A. N. (1988). Causes of high costs of construction in
Nigeria. Journal of Construction Engineering and Management, 114(2), 233-
244.

Olatunji, S. et al. (2013) ‘Forecasting the Saudi Arabia stock prices based on
artificial neural networks model’, researchgate.net, 2(5), pp. 77-86.

Olatunji, S. O. (2017) ‘Extreme Learning machines and Support Vector Machines
models for email spam detection’, Canadian Conference on Electrical and
Computer Engineering. IEEE, pp. 1-6.

Olatunji, S. O., Selamat, A. and Abdul Azeez, A. R. (2015) ‘Modeling permeability
and PVT properties of oil and gas reservoir using hybrid model based on
type-2 fuzzy logic systems’, Neurocomputing. Elsevier, 157, pp. 125-142.

Olawale, Y. and Sun, M. (2010). Cost and time control of construction projects:
Inhibiting factors and mitigating measures in practice. Construction
Management and Economics, 28(5): 509-526.

Orton, J. D. (1997). From inductive to iterative grounded theory: Zipping the gap
between process theory and process data. Scandinavian journal of
management, 13(4), 419-438.

Owolabi, J. D., Amusan, L. M., Oloke, C. O., Olusanya, O., Tunji-Olayeni, P. F.,
Dele, O., Peter, N.J. and Omuh, 1.0., (2014). Causes and effect of delay on
project construction delivery time. International Journal of Education and
Research, 2(4), 197-208.

Owolabi, T. O., Akande, K. O. and Olatunji, S. O. (2015) ‘Development and
validation of surface energies estimator (SEE) using computational
intelligence technique’, Computational Materials Science. Elsevier, 101, pp.
143-151.

Pesko, I. et al. (2017) ‘Estimation of Costs and Durations of Construction of Urban
Roads Using ANN and SVM’, 2017.

PricewaterhouseCoopers (2017). Innovation for the earth. Technical Report 161222-
113251-LA-0S, World Economic Forum, Davos.

Pourrostam, T. and Ismail, A. (2011) Australian journal of basic and applied

183



sciences., Australian Journal of Basic and Applied Sciences. INSinet
Publications.

Pultar, M. (1990) ‘Progress-Based Construction Scheduling’, Journal of
Construction Engineering and Management, 116(4), pp. 670-688.

Rafiei, M. H. and Adeli, H. (2016) ‘Sustainability in highrise building design and
construction’, The Structural Design of Tall and Special Buildings. Wiley-
Blackwell, 25(13), pp. 643-658.

Rahman, M. M., Lee, Y. D. and Ha, D. K. (2014) ‘Investigating Main Causes for
Schedule Delay in Construction Projects in Bangladesh’, Journal of
Construction Engineering and Project Management. Korean Institute of
Construction Engineering and Management, 4(3), pp. 33-46.

Ravisankar, K. L., Ravisankar, K. L. and Anandakumar, D. S. (2014) ‘Study on the
Quantification of Delay Factors in Construction Industry’, International
Journal of Emerging Technology and Advanced Engineering, 4(1), pp. 105—
113.

Ray D., (2019). Break through: how Al and machine learning could transform

construction. URL: https://www.building.co.uk/focus/break-through-how-ai-

and-machine-learning-could-transform-construction/5097559.article

Ren, Z., Atout, M. and Jones, J. (2008) ‘Root causes of construction project delays in
Dubai’, in 24th Annual ARCOM Conference, 1-3 September 2008, Cardiff,
UK, Association of Researchers in Construction Management, pp. 749-757.

Rugaishi, M. and Bashir, H. A. (2015) ‘Causes of Delay in Construction Projects in
the Oil and Gas Industry in the Gulf Cooperation Council Countries: A Case
Study’, Journal of Management in Engineering, 31(3), p. 05014017.

Saeed, S. A. A. (2009). Delay to Projects-cause, effect and measures to
reduce/eliminate delay by mitigation/acceleration (Doctoral dissertation,
British University in Dubai).

Sambasivan, M. and Soon, Y. W. (2007) ‘Causes and effects of delays in Malaysian
construction industry’, International Journal of Project Management.
Pergamon, 25(5), pp. 517-526.

Santoso, D. S. and Soeng, S. (2016) ‘Analyzing Delays of Road Construction
Projects in Cambodia: Causes and Effects’, Journal of Management in
Engineering, 32(6), p. 05016020.

184


https://www.building.co.uk/focus/break-through-how-ai-and-machine-learning-could-transform-construction/5097559.article
https://www.building.co.uk/focus/break-through-how-ai-and-machine-learning-could-transform-construction/5097559.article

Sawhney, A., Riley, M., and lIrizarry, J. (2020). Construction 4.0: An Innovation
Platform for the Built Environment.

Seddeeq, A. Bin et al. (2019) ‘Time and Cost Overrun in the Saudi Arabian Oil and
Gas Construction Industry’, Buildings. Multidisciplinary Digital Publishing
Institute, 9(2), p. 41.

Sethi, H., Goraya, A., & Sharma, V. (2017). Artificial intelligence based ensemble
model for diagnosis of diabetes. International Journal of Advanced Research
in Computer Science, 8(5).

Shafique, U., and Qaiser, H. (2014). A comparative study of data mining process
models (KDD, CRISP-DM and SEMMA). International Journal of
Innovation and Scientific Research, 12(1), 217-222.

Shaked, O. and Warszawski, A. (1995) ‘Knowledge-Based System for Construction
Planning of High-Rise Buildings’, Journal of Construction Engineering and
Management, 121(2), pp. 172-182.

Shearer, C. (2000). The CRISP-DM model: the new blueprint for data
mining. Journal of data warehousing, 5(4), 13-22.

Skitmore, R. M., & Ng, S. T. (2003). Forecast models for actual construction time
and cost. Building and environment, 38(8), 1075-1083.

Suksai, S., Moungnoi, W., Charoenpornpattana, S., & Homthong, S. (2015). Delay
Factors between Main Contractors and Nominated Subcontractors in High
Rise Buildings in Thailand. GSTF Journal of Engineering Technology, 3(3).

Sullivan, A., and Harris, F. C. (1986). Delays on large construction
projects. International journal of operations & production management, 6(1),
25-33.

Sweis, G. (2008) ‘Delays in construction projects : The case of Jordan’, 26, pp. 665—
674.

Tafazzoli M. & Shrestha P.P., (2017) ' Investigating Causes of Delay in U.S.
Construction Projects’, 53rd ASC Annual International Conference
Proceedings by the Associated Schools of Construction, Seattle, Washington.

Takeichi, N., Kaida, R., Shimomura, A., & Yamauchi, T. (2017). Prediction of delay
due to air traffic control by machine learning. In AIAA Modeling and
Simulation Technologies Conference (p. 1323).

Tharwat, A. (2018). Classification assessment methods. Applied Computing and

Informatics.

185



Thompson, D., Fowler, H. W., & Fowler, F. G. (Eds.). (1995). The concise Oxford
dictionary of current English. Oxford: Clarendon Press.

Toor, S.-U.-R. and Ogunlana, S. (2008) ‘Problems causing delays in major
construction projects in Thailand’, Construction Management and
Economics, 26(4), pp. 395-408.

Trauner, T. (2009) Construction Delays: Understanding Them Clearly, Analyzing
Them Correctly.

Tumi, S. A. H. A. O. A. H. K. P. (2009) ‘Causes of delay in construction industry in
Libya’, in The International Conference on Economics and Administration,
Faculty of Administration and Business, University of Bucharest, Romania,
pp. 265-272.

United Nations, UN (2012): World Urbanization Prospects The 2011 Revision
Highlights. United Nations, New York.

United Nations, UN (2014). World Urbanization Prospects: The 2014 Revision-
Highlights. United Nations, New York.

United Nations, UN (2015). World Urbanization Prospects: The 2015 Revision-
Highlights. United Nations, New York.

Vahid Faghihi 1 & Ali Nejat2 & Kenneth F. Reinschmidt3 & and Julian H. Kang (no
date) ‘Automation in construction scheduling: a review of the literature’.

Vidhate, N. B. and Patil, D. U. (2015) ‘To Study and Analyze Different Causes of
Delay in Construction Projects: A Review’, International Journal of Global
Technology Initiatives, 4(1), pp. A30—A35.

Wauters, M. and Vanhoucke, M. (2016) ‘A comparative study of Artificial
Intelligence methods for project duration forecasting’, Expert Systems with
Applications. Pergamon, 46, pp. 249-261.

Wauters, M. and Vanhoucke, M. (2017) ‘A Nearest Neighbour extension to project
duration forecasting with Artificial Intelligence’, European Journal of
Operational Research. North-Holland, 259(3), pp. 1097-1111.

Weaver-Hart, A. (1988). Framing an innocent concept and getting away with
it. UCEA Review, 24(2), 11-12.

Witten, 1. H. (2011) Data Mining Pratical Machine Learning Tool and Tecniques.

Xia, R., Zong, C., & Li, S. (2011). Ensemble of feature sets and classification
algorithms for sentiment classification. Information Sciences, 181(6), 1138—
1152,

186



Wu, X., Kumar, V., Quinlan, J.R., Ghosh, J., Yang, Q., Motoda, H., McLachlan,
G.J., Ng, A, Liu, B., Yu, P.S. and Zhou, Z.H., (2007). Top 10 algorithms in
data mining Knowledge and Information Systems, vol. 14, no. 1.

Xu, Z., Zayed, T., & Niu, Y. (2020). Comparative analysis of modular construction
practices in mainland China, Hong Kong and Singapore. Journal of Cleaner
Production, 245, 118861.

Yaghini, M., Khoshraftar, M. M., & Seyedabadi, M. (2013). Railway passenger train
delay prediction via neural network model. Journal of advanced
transportation, 47(3), 355-368.

Yang, J.-B. and Ou, S.-F. (2008) ‘Using structural equation modeling to analyze
relationships among key causes of delay in construction’, Canadian Journal
of Civil Engineering, 35(4), pp. 321-332.

Yang, J.-B. and Wei, P.-R. (2010) ‘Causes of Delay in the Planning and Design
Phases for Construction Projects’, Journal of Architectural Engineering,
16(2), pp. 80-83.

Yang, J.-B., Yang, C.-C. and Kao, C.-K. (2010) ‘Evaluating schedule delay causes
for private participating public construction works under the Build-Operate-
Transfer model’, International Journal of Project Management. Pergamon,
28(6), pp. 569-579.

Yeom, D.-J. et al. (2018) ‘development of an approximate construction duration
prediction model during the project planning phase for general office
buildings’, 24(3), pp. 238-253.

Yu, B. et al. (2016) ‘k-Nearest Neighbor Model for Multiple-Time-Step Prediction
of Short-Term Traffic Condition’..

Yuen, B. (2012). Singapore: planning for more with less. In Planning Asian
Cities (pp. 213-231). Routledge.

Zidane, Y., & Andersen, B. (2018). Causes of delay and their cures in major
Norwegian projects.

Zisko, A. (2008) ‘Knowledge-based model for integrated tall building design
factors’.

Zou, P. X., and Sunindijo, R. Y. (2015). Strategic safety management in construction
and engineering. John Wiley & Sons.

http://www.spillboom.20m.com/contact_1.html "Delay Mitigation and Constructive
Acceleration”. (Accessed: 4 July 2020).

187


http://www.spillboom.20m.com/contact_1.html

https://www.mathworks.com/discovery/machine-
learning.html#:~:text=Machine%20learning%20uses%20two%20types,intrin
sic%20structures%20in%20input%?20data. (Accessed: 4 July 2020).

http://www.mpcsc.org/case_topic.htm?id=1888 (Accessed: 10 October 2018).

188


https://www.mathworks.com/discovery/machine-learning.html#:~:text=Machine%20learning%20uses%20two%20types,intrinsic%20structures%20in%20input%20data.
https://www.mathworks.com/discovery/machine-learning.html#:~:text=Machine%20learning%20uses%20two%20types,intrinsic%20structures%20in%20input%20data.
https://www.mathworks.com/discovery/machine-learning.html#:~:text=Machine%20learning%20uses%20two%20types,intrinsic%20structures%20in%20input%20data.
http://www.mpcsc.org/case_topic.htm?id=1888

LIST OF PUBLICATIONS

S/IN Research output Type Publication
1 | Estimating Construction Duration | Conference | International graduate conference
of High-Rise Buildings: paper of built environment and surveying,
Comparing the BTC Model to GBES 2019, Universiti
KNN Teknologi Malaysia
2 | Forecasting Construction Delay Conference | International Structural
Times in High-Rise Building paper Engineering — and  Construction
Projects Conference, ISEC 2020, Cyprus.
3 | Causes of Delay in Tall Building | Conference | The 8th International Conference
Projects in GCC Countries paper on Construction Engineering and
Project  Management Dec. 7-8,
2020, Hong Kong SAR.
ICCEPM 2020
4 | Causes of Delay in the Global Journal International ~ Journal — of
Construction Industry — A Meta paper Construction Management
Analytical Review
5 | Developing a Machine Learning | Journal Journal of Construction
Model to Predict the Construction | paper Engineering, ~ Management — &
Duration of Tall Building Projects Innovation
6 | Developing a Preliminary Cost Journal International ~— Journal of
Estimation Model for Tall paper Management — Science  and
Buildings based on Machine Engineering Management
Learning
7 | Machine Learning Model for Journal International ~ Journal of
Delay Risk Assessment in Tall paper Construction Management
Building Projects
8 | Development of a Delay Journal Journal of Information Technology
Mitigation Framework for Tall paper in Construction (ITcon)
Building Projects

199




	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



