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Introduction

- Preface

Since the publication of my book “Advanced Management of Contracting Costs”, which was well received by specialists in the contracting and construction sector, I have been closely observing the rapid developments taking place in the global construction industry.

That book was an attempt to present a comprehensive scientific methodology for cost management in contracting projects. It covered managing and monitoring contracting costs, bid analysis, project management methods, and controlling operational risks. However, the technological revolution we are living through today has compelled us to rethink every aspect of construction project management.

Today, we stand on the threshold of a new era an era in which traditional methods of project management are no longer sufficient to meet the complex and intertwined challenges facing the contracting sector. Projects have become more complicated, schedules tighter, technical requirements more precise, and competition fiercer.

In this context, artificial intelligence and modern technologies are no longer luxuries or optional tools; they have become an inevitable necessity for any contracting company seeking survival and excellence in the market.

- Why this book?

Several reasons motivated me to write this book, the most important of which are:


		
The clear knowledge gap between the rapid advancement of modern technologies and their actual application in the contracting sector in the Arab world. While technological innovation is accelerating globally, many specialists in our region still lack sufficient knowledge on how to practically and effectively benefit from these technologies.

		
The urgent need for a reference that bridges theory and practice, offering practical solutions applicable in the Arab work environment, while considering the specificities of the local market and the unique challenges faced by the contracting sector in our region.

		
My deep belief that artificial intelligence and modern technologies are not merely technical tools, but transformative strategies capable of reshaping the contracting industry entirely from planning and design, through execution and monitoring, to delivery and maintenance.






- Book Themes

This book presents a comprehensive journey through the world of artificial intelligence and modern technologies in managing contracting projects. We will begin by introducing the fundamental concepts of artificial intelligence and its various types, then move on to practical applications at each stage of the project.

We will explore how technologies such as machine learning, deep learning, Building Information Modeling (BIM), drones, the Internet of Things, augmented and virtual reality, big data, and green construction can bring about a qualitative leap in the way we manage projects.

We will also address critical issues such as risk management using AI, schedule optimization, cost forecasting, quality assurance, and safety at construction sites.




- Who is this book for?

This book is intended for:


		Project managers and engineers working in contracting companies who seek to develop their skills and use modern technologies to improve their performance.

		Owners and managers of contracting companies looking for transformative strategies to grow their businesses and enhance competitiveness.

		Academics and researchers interested in studying the applications of technology in the construction industry.

		Students and trainees in civil engineering and construction project management preparing to enter the labor market.

		Policymakers in the public sector aiming to develop policies and practices in government contracting.



- Methodology of the Book

In this book, I adopted a methodology that combines recognized theoretical foundations with practical, real-world applications. I was keen to present each topic in a clear and simplified manner, avoiding unnecessary technical complexity.

The book also includes numerous real case studies, practical examples, and actionable guidelines that readers can directly apply in their daily work.

- Future Vision

The future of the contracting industry will inevitably be digital and intelligent. Future projects will be managed with the help of smart systems capable of predicting problems before they occur, optimizing resource utilization automatically, and making decisions based on precise data and deep analysis.

The question is not whether we will adopt this technology, but when and how.

- A Final Word Before We Begin

I hope this book will be a valuable addition to the Arabic library in the field of construction project management, and that it will contribute to enabling Arab specialists to keep pace with global developments and seize the immense opportunities offered by modern technologies in the world of construction.

The success of any digital transformation begins with awareness and knowledge, and this is what I strive to achieve through this work.

In conclusion, I extend my sincere thanks to everyone who contributed to enriching this book colleagues, experts, and reviewers. I also thank the readers for their trust, and I pray to Almighty God that this work will be beneficial and useful, and that it will be a step toward advancing the contracting industry in our Arab world.

With God’s guidance and support,

Dr. Nabil Sayed Refaiy


Chapter One

Digital Transformation in the Contracting Sector

 

1-1 Concept of Digital Transformation 

1-2 The Fourth Industrial Revolution (Industry 4.0) and Construction

1-3 Generative Artificial Intelligence Tools in the Work Environment

1-4 Roadmap for Digital Transformation in Companies


1-1 Concept of Digital Transformation
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1-1-1 Definition of Digital Transformation and Its Importance

Digital transformation is not merely about purchasing computer software or converting paper documents into electronic files. It is a radical reimagining of how work is conducted, creating new business opportunities aligned with the global race for development.

In the contracting sector, digital transformation is essential to ensure continuity of operations and maintain competitiveness in the future labor market. Digital transformation includes:


		
Project management through cloud-based and remote platforms instead of exchanging paper documents and files.

		
Quantity takeoff using artificial intelligence instead of manual methods.

		
Site monitoring via cameras and smart sensors capable of measuring the performance of equipment and workers.

		
Instant collaboration between the office, the construction site, and the client.

		
Decision-making based on real-time, accurate data and interactive dashboards that provide decision-makers with immediate insights, sometimes even generating the optimal decision automatically and presenting it directly to stakeholders.



1-1-2 Why Is Digital Transformation Important Now?


		Competition has become fierce digital companies outperform traditional ones.

		Clients expect transparency and accuracy in information.

		Projects are increasingly complex and require advanced tools.

		Rising costs demand higher efficiency.

		The COVID-19 pandemic proved the importance of remote work.

		Global inflation and rapid fluctuations in the prices of raw materials, construction supplies, equipment, and wages.



 

1-1-3 The Difference Between Digitization and Digital Transformation

Many people confuse the two terms, but the difference is fundamental:


		
Digitization refers to converting analog information into digital formats (e.g., scanning paper documents into PDFs).

		
Digital transformation, however, is a broader strategic shift that redefines processes, business models, and organizational culture by leveraging digital technologies to create new value and competitive advantage.
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1-1-4 Stages of Digital Maturity in Contracting Companies

Companies do not transform digitally overnight. There are five stages they go through after the traditional stage:

The Fully Traditional Stage


		Everything is paper-based

		Meetings are face-to-face only

		Accounting is manual or simple Excel sheets

		Communication via telephone and fax

		
Users: Mostly small companies



Stage 1: Initiation


		Use of some basic software (AutoCAD, Word, Excel)

		Email for communication

		Most work still paper-based

		No centralized database

		
Users: Medium-sized companies without a digital vision




Stage 2: Experimentation


		Beginning to use project management software (MS Project, Primavera)

		Simple accounting system

		Some departments are digital, others are not

		Data scattered across departments

		
Users: Medium-sized companies trying to evolve




Stage 3: Integration


		ERP system linking different departments

		Cloud platform for documents

		Use of BIM in design

		Data available instantly

		
Users: Large companies or advanced medium-sized companies




Stage 4: Intelligence


		Artificial intelligence for prediction and analysis

		Full automation of routine tasks

		IoT (Internet of Things) for real-time site monitoring

		Automated performance measurement of equipment with instant fault alerts

		Decisions based on big data

		
Users: Globally leading companies




Stage 5: Continuous Innovation


		Deeply rooted digital culture

		Innovation of new business models

		Technology becomes part of the company’s DNA

		
Users: A few global companies




💡 Assessment: Where is your company now? Where do you want it to be in 3 years?

Return on Investment in Digital Transformation (ROI)

"How much will this cost me?" this is the first question any manager asks.
But the more important question is: "How much will I save, and how much will I gain?"

Initial costs (subject to change according to global prices and inflation at the time of actual implementation):

Costs and Returns of Digital Transformation

Initial Costs (subject to company size and global price fluctuations):


		
Software and systems: 100,000 - 5,000,000 EGP (depending on scale)

		
Infrastructure (servers or cloud subscriptions): 50,000 - 2,000,000 EGP per year

		
Training: 20,000 - 1,000,000 EGP

		
Consulting: 50,000 - 2,000,000 EGP

		
Total initial cost: 220,000 - 10,000,000 EGP



 

 

Annual Returns:


		Annual returns from digital transformation vary from one company to another depending on the nature of projects and the efficiency of management in leveraging modern technological advancements to make decisions that impact profitability.

		In general, and according to global averages of returns from digital transformation in contracting and similar sectors: 




		Productivity increase: 14-15%


		Cost reduction: 4-5% annually




Return on Investment (ROI) 
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Non-Financial Returns (Priceless):


		
✅ Stronger reputation in the market


		
✅ Better and faster decision-making


		
✅ Attraction of major clients


		
✅ Greater resilience in facing crises


		
✅ More satisfied and productive employees





1-2 The Fourth Industrial Revolution (Industry 4.0) and Construction

 

1-2-1 Concept of the Fourth Industrial Revolution

Humanity has gone through four industrial revolutions:


		
First (1780): The steam engine – from handwork to machines

		
Second (1870): Electricity – mass production

		
Third (1970): Computers – the beginning of digital transformation

		
Fourth (2010): Intelligence and connectivity – interconnected smart machines



What distinguishes the Fourth Revolution:


		
Intelligence: Machines learn and make decisions

		
Connectivity: Everything is connected to the Internet (IoT)

		
Big Data: Instant analysis of massive amounts of information

		
Flexibility: Customized production at the cost of mass production



1-2-2 Applications in the Construction Sector (Construction 4.0)

The contracting sector has historically been the slowest in adopting digital transformation compared to industry and services.


		But today we have Construction 4.0, a new revolution in the construction sector.

		It is worth noting that in many countries, there are still contracting company owners who remain unconvinced by modern systems and continue to operate using traditional methods. While these may seem relatively suitable to their mindset, they undoubtedly deprive them of many benefits and profits, as they fail to realize the impact of technological advancement on maximizing their companies’ profitability.



 

1-2-3 Core Components of Construction 4.0

 

[image: Image]


		Transformation in the Way of Work
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		Smart Construction



Smart construction is the use of modern technologies to make the building process safer – faster – less costly – and of higher quality.


	
- Elements of Smart Construction




1. Smart Planning


		Full digital simulation of the project before starting

		Testing different scenarios

		Schedule optimization using artificial intelligence

		Site logistics planning through virtual reality



2. Smart Execution


		Robots for hazardous or repetitive tasks

		Drones to monitor progress

		Sensors to monitor quality

		Internet-connected equipment that reports its own malfunctions



3. Smart Monitoring


		AI-powered cameras that detect safety risks

		Wearable devices that alert workers to danger

		Real-time monitoring of material consumption

		Automatic alerts in case of deviations



4. Smart Management


		Interactive dashboards

		Automated reports

		Data-driven decision-making

		Continuous learning from projects




		Connected Sites



Concept: Every element on the construction site is connected to the Internet and communicates with central systems.
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- What Gets Connected:





		
📱 Workers (smartphones, smart wristbands)


		
🚜 Equipment (excavators, mixers, cranes)


		
📦 Materials (RFID tags for tracking)


		
📷 Cameras (3D monitoring)


		
🌡️ Sensors (temperature, humidity, vibration)


		
🛸 Drones





	
- Benefits:





		Knowing the location of everything at any moment

		Accurate tracking of productivity

		Preventing theft and waste

		Improving safety

		Real-time data for decision-making



 

Real Example: 

One of the major projects in Egypt’s New Administrative Capital City


		500 sensors installed on site

		50 smart cameras

		20 drones

		2,000 workers with smart wristbands




	
- Result: 




60% reduction in accidents, 25% increase in productivity


1-3 Generative Artificial Intelligence Tools in the Work Environment

In recent years, the contracting sector has witnessed a true revolution in the way knowledge and information are accessed, thanks to the emergence of generative artificial intelligence tools such as ChatGPT, Claude, Gemini, Copilot, and DeepSeek, in addition to many similar programs and platforms.

These tools are no longer merely experimental technologies; they have become daily companions for many engineers and project managers, helping them solve problems and make decisions.
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1-3-1 Speed of Adoption in the Contracting Sector

What distinguishes this technological wave from its predecessors is the exceptional speed of adoption, especially among the new generation of engineers and technicians.

Within just a few months of the launch of these tools, workers in contracting companies began using them spontaneously in their daily tasks without the need for complex formal training. The reason is simple: these tools are easy to use, communicate in natural language, and are available anytime and anywhere.

1-3-2 Practical Applications in Contracting

Workers on construction sites are using these tools in creative and diverse ways:


		
Instant technical problem-solving: An engineer on site faces a challenge in designing an unconventional concrete formwork → uses Claude or ChatGPT to get immediate solutions and suggestions instead of waiting for consultation from the head office.

		
Drafting documents and reports: A project manager uses Copilot to write weekly progress reports or draft official letters to clients, saving hours of work.

		
Rapid data analysis: Gemini is used to analyze cost spreadsheets and extract quick insights without needing a specialized data analyst.

		
Continuous learning: Young workers use these tools as a personal tutor always available to understand complex engineering concepts or learn new construction techniques.

		
Translation of technical documents: In international projects, engineers use them to translate specifications and drawings accurately and quickly.



 

Factors Influencing Speed of Adaptation

The speed of adoption varies among workers based on several factors:


		
Age and generation: Millennials and Gen Z adopt these tools faster, while older generations take longer to adjust. However, the gap is narrowing quickly as the benefits become clearer.

		
Educational level: Engineers and those with advanced degrees are generally more open to experimenting with these tools and exploring their potential.

		
Nature of work: Office employees adopt these tools faster than site workers, but smartphones have made access more equal for everyone.

		
Company culture: Companies that encourage innovation and experimentation see faster adoption compared to conservative or bureaucratic organizations.




1-3-3 Challenges and Concerns

Despite the positive speed of adoption, there are some challenges:


		
Over-reliance: Concern that workers may lose critical thinking and problem-solving skills if they depend entirely on these tools.

		
Accuracy of information: Sometimes these tools provide inaccurate or contextually unsuitable information, requiring vigilance from users.

		
Security and privacy: Fears of leaking sensitive project information when using these tools.

		
Institutional resistance: Some companies ban the use of these tools due to perceived risks, depriving themselves of their benefits.



1-3-4 Future Direction

The overall trend is clear: Generative AI tools have become an integral part of the contracting work environment. Smart companies are those that adopt a proactive approach by:


		Setting clear policies for safe and responsible use of these tools.

		Providing training for employees on optimal use and awareness of pitfalls.

		Encouraging experimentation and sharing of best practices within the organization.

		Investing in enterprise versions of these tools that offer greater security and integration with company systems.



The remarkable adaptability shown by workers in the contracting sector to these tools is strong evidence that the industry is ready for digital transformation. The human element is not a barrier but rather a key driver of this transformation. 

The future will witness deeper integration between human intelligence and artificial intelligence, complementing each other to achieve unprecedented productivity and quality in contracting projects.


1-4 Roadmap for Digital Transformation in Companies

 

1-4-1 Assessing the Current Situation (Digital Maturity Assessment)

Before beginning transformation, you must first know where you stand today. Use this assessment model:

Key areas for evaluation:
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- Overall Assessment




Developing the Digital Strategy

A digital strategy is not just a technical plan; it is a comprehensive vision of how technology will be used to achieve business goals.


Components of the Strategy:


		
Vision: Example: “To become the most digitally efficient company in the market by 2027.”


		
Strategic Objectives: 




		Reduce bid preparation time by 50%

		Increase estimation accuracy from 85% to 95%

		Increase the number of concurrent projects by 30%

		Improve customer satisfaction to 90%




		
Key Initiatives: 




		Implement a fully integrated ERP system

		Adopt BIM in all new projects

		Establish a data analytics center

		Train all employees




		
Required Resources: 




		Budget: X million over 3 years

		Team: Digital Transformation Department (5 members)

		Partners: Technology consultants




		
Metrics (KPIs): 




		Percentage of projects managed digitally

		Percentage of trained employees – user satisfaction

		Bid preparation time – estimation accuracy



1-4-2 Phased Implementation Plan

Digital transformation is a journey that involves continuous development; it is not a destination where progress stops. We propose a three-phase approach for the digital transformation journey:

Phase 1: Fundamentals (6–12 months)

Objective: Build the digital foundation
Steps:


		
Infrastructure Improvement 




		Strong internal network

		Fast and stable internet

		Modern devices for the team




		
Document Management System 




		Cloud platform (Google Drive / OneDrive)

		Unified file organization

		Clear access permissions




		
Basic Project Management Software 




		Microsoft Project or Primavera

		Training for the core team

		Pilot application on one project




		
Basic Training 




		Computer skills

		Professional email usage

		Advanced Microsoft Office tools



Return: Improved organization and communication

Phase 2: Integration (12–18 months)

Objective: Connect departments and automate processes
Steps:


		
ERP System 




		Select a suitable system (to be discussed later)

		Gradual implementation (department by department)

		Data integration




		
BIM for Design 




		Select software such as Revit

		Train engineers

		Apply to one project initially




		
Digital Operations Transformation 




		Digital bid models

		Automated reports

		Electronic approvals




		
Central Database 




		Collect data from past projects

		Organize and clean data

		Make data accessible to analysts



Return: Higher efficiency and better decision-making

 

Phase 3: Intelligence (18–36 months)

Objective: Apply advanced technologies
Steps:


		
Artificial Intelligence 




	
- Models for cost prediction


	
- Intelligent risk analysis


	
- Automated quantity takeoff





		
IoT on Sites 




	
- Material tracking devices


	
- Smart cameras


	
- Quality sensors





		
Advanced Analytics 




	
- Interactive dashboards


	
- Big data analysis


	
- Trend forecasting





		
Robotics and Drones 




	
- Drones for site surveying


	
- Robots for hazardous tasks


	
- Factory automation




Return: Strong competitive advantage and innovation

 

1-4-3 Change Management and Employee Resistance

The biggest challenge is not technology-it’s people!


		Why do employees resist?




		
😟 Fear of losing their jobs


		
😓 Inability to use the technology


		
😤 “We’ve been working this way for 20 years!”


		
😕 Lack of understanding of the benefits


		
😰 Increased workload at the beginning
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		How to Overcome Resistance



1. Transparent Communication:


		Explain “why” before “how”


		Show the personal benefits to employees

		Be honest about the challenges



2. Team Involvement:


		Listen to their concerns

		Take their suggestions into the design

		Make them part of the solution



3. Continuous Training:


		Start with the basics

		Provide practical, hands-on training (not just theory)

		Offer ongoing support after training



4. Leadership by Example:


		The manager uses the system first

		Celebrate small successes

		Reward early adopters



5. Gradual Implementation:


		Don’t change everything at once

		Start with one department or project

		Learn, improve, then expand




		Success Story



A medium-sized company in Cairo faced strong resistance when implementing an ERP system.

The solution:


		They selected 5 well-liked employees as “Digital Ambassadors.”


		These ambassadors received deep training, with emphasis on the personal advantages of the change for all staff.

		They helped their colleagues adapt.

		Within 3 months, the resisters had turned into supporters!




Chapter Two

Artificial Intelligence in Managing Contracting Costs

 

2-1 Introduction to Artificial Intelligence and Machine Learning

2-2 Applications of Artificial Intelligence in Cost Estimation

2-3 Smart Systems for Quantity Takeoff and Cost Monitoring

2-4 Automated Reporting


Artificial Intelligence in Managing Contracting Costs

 

2-1 Introduction to AI , ML and Deep Learning

 


2-1-1 Key Concepts: AI – ML – Deep Learning


 

1. What is Artificial Intelligence (AI)?

Artificial intelligence is the ability of machines and software to simulate human cognitive capabilities.
In the construction and contracting industry, this means that a program can:


		Learn from past projects

		Analyze complex data

		Predict costs and risks

		Make decisions or provide recommendations

		Continuously improve its performance



Simple example from daily life:
When you open Netflix, it suggests movies you might like. How does it know? Through AI it analyzes what you’ve watched before, compares you with millions of similar users, and learns from your choices. The same principle applies to cost estimation in contracting projects!

2. Machine Learning (ML)

Machine learning is the method by which a system learns. Instead of writing strict rules, you give the system examples, and it learns from them.

Traditional programming approach:
If the area is 200 m² and the approximate prices are 3,000 EGP/m² or 3,500 EGP/m²:


		Cost = area × 3,000 EGP

		Or cost = area × 3,500 EGP



Problem: The rules are fixed and do not account for other factors (location, quality, market conditions…).

Machine learning approach:
Provide the system with 1,000 past projects:


		Project 1: 250 m², good location, standard finishing (cost = 7,800,000 EGP)

		Project 2: 300 m², average location, luxury finishing (cost = 12,000,000 EGP)

		998 other projects with similar or different specifications



The system discovers complex relationships on its own:


		Luxury finishing increases cost by 35%

		Good location raises cost by 12%

		Areas > 500 m² benefit from economies of scale



Then it can accurately predict the cost of a new project.

3. Deep Learning (DL)

Deep learning is an advanced type of machine learning that mimics how the human brain works using multi-layered “neural networks.”

When do we use it in contracting?


		
📸 Image analysis: Detecting defects in concrete from photos


		
📄 Reading blueprints: Automatically extracting quantities from drawings


		
🎤 Voice analysis: Converting meeting minutes into text


		
📊 Highly complex data: When relationships are unclear or too intricate
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		Difference Between Artificial Intelligence and Traditional Computer Systems



Many people confuse automation with artificial intelligence:
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		Practical Example from Contracting




		
Traditional Systems: An Excel model with formulas:
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✅ Fast and accurate in calculation


		
❌ Requires you to manually input the price per m²


		
❌ Does not account for complex factors


		
❌ Always gives the same result for the same inputs





		
Artificial Intelligence: A system trained on 500 past projects:




		
✅ Predicts cost based on multiple factors


		
✅ Discovers hidden patterns (e.g., summer projects are more expensive)


		
✅ Improves as you add more data


		
✅ Provides a confidence range: “Cost between 4.2 – 4.8 million with 87% confidence”





2-1-2 Types of Learning: Supervised – Unsupervised – Reinforcement

 

1- Supervised Learning

Example: A teacher gives the student questions along with the correct answers, and the student learns the rule to solve new questions.

How it works:


		Inputs (X & Y) → The system learns the relationship and can determine the effect of variables.

		
Example: Cost Estimation 




		X = area, number of floors, location, finishing type

		Y = actual project cost




		The system studies hundreds of examples, learns how X affects Y, performs sensitivity analysis of variables against each other, and estimates cost based on past experiences.



Applications in Construction:


		Cost Estimation




	
1 Data: specifications of past projects + their actual costs


	
2 Goal: estimate the cost of a new project


	
3 Accuracy: 90–95% for similar projects





		Project Duration Prediction




		Data: project characteristics + actual execution duration

		Goal: predict the duration of a new project

		Benefit: better scheduling and more accurate pricing




		Risk Classification




		Data: project factors + whether problems occurred

		Goal: classify the new project (high/medium/low risk)

		Benefit: allocate appropriate contingency reserves




		Quality Defect Detection




		Data: images of good and defective work

		Goal: inspect new images and detect defects

		Benefit: faster and more consistent inspection



Common Calculation Methods:


		Linear Regression: for predicting numbers (costs, durations)
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