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1. Introduction

Construction project management is a crucial discipline encompassing the effective planning, execution, and
control of all aspects of a construction project, from its inception to completion. It involves mobilizing and managing
human resources, materials, equipment, and financial resources to achieve project objectives within defined
timeframes and budgets while adhering to specified quality standards. This multifaceted approach emphasizes
teamwork, with professionals from diverse backgrounds collaborating to execute projects efficiently and
economically. The construction industry has undergone significant transformation, driven by increased construction
activity and a heightened focus on safety management. Technological advancements have revolutionized the field,
impacting construction planning, contracting, and equipment utilization.

Modern construction management necessitates the strategic application of technology to ensure projects are
completed within budget and on schedule [1].
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The project description serves as the foundation for demonstrating the project's validity and its potential return on
investment (ROI). It aims to engage readers, whether they are customers, sponsors, or stakeholders, by clearly
articulating the rationale behind the project and its value proposition. Additionally, the project description acts as a
blueprint or roadmap, outlining key aspects of the project to ensure clarity and alignment among all parties involved.
This section provides crucial information, including an overview of costs, timelines, and resources required, offering
stakeholders a comprehensive understanding of what is necessary to successfully execute the project [2].

The project scope defines the boundaries and key elements of the project, such as its timeline, milestones, phases,
team structure, and other pertinent details. By providing a clear and concise framework, the project scope ensures that
all team members and stakeholders have a unified understanding of the project's direction and objectives [3].

The importance of project scope in construction projects is multifaceted and includes the following benefits:
Mitigating Disputes: Clearly defined terms prevent potential legal conflicts between clients and contractors.
Setting Clear Expectations: Establishing transparent goals and objectives for clients, stakeholders, and team
members foster mutual understanding.

Preventing Scope Creep: A well-delineated scope sets boundaries, avoiding the incremental addition of tasks not
agreed upon in the initial plan.

Clarifying Responsibilities: Clearly assigned roles ensure every team member knows their responsibilities and
expectations.

Facilitating Project Success: A well-defined scope establishes the groundwork for successful project execution.
Project Stakeholders play an integral role in achieving project objectives and ensuring successful outcomes. Effective
collaboration among stakeholders is essential throughout the project's lifecycle. Stakeholders can be broadly
categorized based on their level of involvement:

Direct stakeholders: These are usually the internal persons or groups that are directly concerned with the project and
form part of the project team.

Examples of direct stakeholders are project owners, construction managers, contractors, architects, designers,
consultants, suppliers, sub-contractors, and procurement teams.

Indirect Stakeholders: These are external parties who are affected by the construction activities. They may include
the local people, government agencies, and public utility providers.

Success of the project’s engagement for all stakeholders means effective collaboration in all ways, which is highly

vital for the delivery of desired outputs.

Project information management involves maintaining and overseeing all relevant data and documentation throughout
the project lifecycle. For construction project managers, this includes managing essential documents such as surveyor
reports, goods received notes, and technical drawings. Effective management of project information ensures that
decisions are well-informed and based on accurate and up-to-date records, ultimately influencing the smooth operation

and success of the construction project.[3].
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2. Methodology

Construction project management entails an organized process designed to guarantee that project goals are met within
scope, time, cost, quality, and safety. A detailed phase-by-phase breakdown of construction project management is

provided below:

2.1. The initiation phase

Define Project Objectives: Establish the goals, deliverables, and purpose of the project.

Stakeholder Identification: Determine the responsibilities and requirements of significant parties, including regulatory

bodies, contractors, and subcontractors.

Feasibility Study: Analyze the technical, financial, and environmental feasibility of the project.

2.2. Planning phase

-Work Breakdown Structure (WBS): Divide the project into manageable tasks and milestones using WBS.
-Schedule Development: To create a project schedule, using methods such as Gantt charts or critical path analysis.
-Cost estimation and budgeting: Create a budget that accounts for supplies, labor, machinery, and contingency funds.
-Risk management: Use a risk register to identify possible risks and create response plans.

-Procurement Planning: Specify methods for acquiring supplies, services, and machinery, along with standards for
choosing vendors.

-Communication Plan: To guarantee that stakeholders share information, set up clear channels and procedures for

communication.

2.3. Execution phase

-Team Coordination: Make sure project team members are properly trained and assign them duties and responsibilities.
-Resource Management: Distribute resources, such as personnel, supplies, and machinery, to effectively fulfil project
requirements.

-Tracking Work Progress: To keep tabs on the state of tasks and milestones, use project management systems.
-Quality Assurance: Put quality control procedures in place to guarantee that design guidelines and industry standards
are followed.

-Engaging Stakeholders: Stay in contact with stakeholders to share information and resolve issues.

2.4. Monitoring and control phase
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-Performance tracking: Evaluate project development in relation to the budget, timeline, and scope
-Risk monitoring: Keep an eye on potential threats and take right action to reduce them.
Quality Control: Verify that project requirements are being followed by conducting routine testing and inspections.

-Reporting: To ensure accessibility, provide stakeholders regular updates on your progress.

2.5. Closure phase

-Final Inspections: Make that all project deliverables satisfy the necessary quality standards.
-Handover: Give the client ownership of the finished project, together with any necessary warranties, paperwork, and

training.

3. Objective

e Provide development progress reports on the status and coordination of various sections within the project.
e Manage subcontractor prequalification and selection.

e Provide estimates and negotiate project timelines and budgets.

e Ensure all legal standards and regulatory requirements are met.

e Manage construction staff and control site activities.

e Analyze and resolve potential issues or emergencies that could delay work.

e Decide on most appropriate construction methods or strategies for given circumstances.

e Explain technical aspects and contractual terms to workers or professionals in other fields.

e  Cooperate with personnel, such as engineers, architects, and technicians in other fields.

4. Contract Analysis

The methodical examination of contractual documents to guarantee clarity and adherence to operational and legal
requirements is known as contract analysis. It is essential in construction projects where contracts specify the

obligations, relationships, and expectations of all parties involved [4].

4.1. Key elements

- Scope of Work (SOW): To prevent scope creep, deliverables should be clearly defined Risk allocation is the process
for identifying and dividing up risks among parties.

- Dispute Resolution: Putting in place systems to effectively handle disputes.
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4.2. BOQ

Larger construction projects often use a bill of quantities (BOQ) and is a list of the supplies and labor needed to
complete a project. The list includes the amounts of labor, materials, and each. The architect or engineer usually
conducts a takeoff to get the BOQ ready following the project designs complete the boq is usually included in the bid
package for a design-bid-build project. Due to specific materials and quantities, contractors may decide to rely on the
BOQ rather than takeoff. However, a BOQ permits Contractors still frequently choose to do their own take off to
concentrate on cost. Find any holes that were overlooked by the owner or design team. The BOQ is sent back to the
owner for approval and contractor selection once the contractor has priced it out. A contractor may send an RFI to the
owner for clarification if there are differences between their takeoff and the BOQ. The bill of quantities can be used
for project billing both throughout the project and after the contractor has been chosen. In essence, it gets converted
into the schedule of values, making the calculation easier in the scope progress by incorporating the materials on site,

and working completed [5].

4.3. Specifications [6]
e The effort and craftsmanship needed for every building job are described in detail in construction

specifications, or specs.

e Written paperwork outlining the scope of work is called specifications definition. any materials to be utilized,

the installation techniques, and the workmanship quality as stipulated in the contract.

e Construction specifications are usually established by architects and designers prior to a project, although

professional specification writers or project engineers might as well.

e Architectural guidelines support the proper implementation of the Create a plan and lower the risk.

e If construction building specifications are not communicated, there could be severe order modifications and
elevated risk.

5. Site Layout

Contractors create site layout plans while in their mobilization stages before actual on-site work begins. Site layout
planning is important in construction management; this is because construction sites are complex, with enormous
amounts of materials, high-priced equipment, employees, and machinery flowing and moving. Proper planning and

organization in site layout ensure operations will be well executed and in a safe manner. Careful location and sizing
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of site facilities can reduce travel distances, congestion, and waiting times, improving overall functionality of the site,

making the workplace more productive and enhancing worker morale.

5.1. How site layout is prepared in construction projects [7]

Preparing a site layout is crucial in construction planning to optimize space, ensure efficiency, and maintain
safety. The process involves identifying required facilities (e.g., storage areas, offices, utilities), determining their
sizes and constraints (e.g., access, security, utility connections), and analyzing their relationships to ensure logical
placement. Facilities are then arranged in an optimized layout, considering limitations like terrain or access. As
projects progress, layouts are updated to reflect evolving needs, and detailed plans are created for complex areas. This
approach enhances workflows, minimizes risks, and adapts to project changes effectively. Site Layout Planning
Elements

A well-organized site that incorporates all temporary facilities and utilities has the following advantages:

1) Improved productivity and safety,
2) Reduced space requirement for temporary structure,

3) Optimized resource utilization

5.2. Key considerations for construction site layout design [7]

o Identifying the site facilities needed.

e Determining the size and special needs of those facilities, such as access, security and utilities.

e Describing the relationship and interdependencies of the different facilities.

e Developing an optimum arrangement of the facilities on the site. Realize that site conditions change
throughout the project, and this could mean that several site layouts plans for different phases of the
project, and also detailed plans for areas of complexity, sequences or specific function.

o ltutilizes building information modeling to represent the construction site in three dimensions and across
different phases, thereby creating a virtual model of construction for better planning and visualization
(BIM).

5.3. Criticism of existing site layout as shown in Fig. (1)[7]

e Every hoist has its own scaffold staging which is more overpriced.
e  Materials are not stored along with the hoists.

e The entrance at the site is too narrow to allow trucks to pass through.
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e The stores are at the back of the batching plant, and this blocks the storekeeper's view, and the checkpoint is
away from the stores.

e Stockpiles are dispersed, and unloading is problematic.

e Temporary roads are long and narrow.

e  Some stores are not easily accessible.
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Fig. 1. Existing site layout

5.4. Criticism of suggested site layout as shown in Fig. (2)[7]

e Both hoists are placed in one scaffold.

e Batching plants directly into the dumpers.

e The approach from the site entrance is provided with more width.

e The stores are kept in easy view to all stacks of materials and stores are placed near the temporary road.
e  Concrete mixer and mortar mixer are placed near the hoists.

e Modification in design of temporary road to be short and wider.

e A compound has been provided at a place to store non bulk materials
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Fig. 2. Suggested site layout

6. Quantity Surveying

Quantity surveying involves managing and controlling construction-related project costs. It comprises the detailed
cost estimate of materials, labor, equipment, and other factors affecting the overall cost of construction of the project.
Quantity surveyors operate with clients to provide an accurate cost estimate for the project, monitor expenditures, and

assist in maintaining the project within the approved budget. [8]
7. The Process of Quantity Surveying [8]

The Bill of Quantities is prepared in four clear steps, namely.

e Taking off
e  Abstracting
e Squaring

e Compilation of final Bill of Quantities.
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7.1. Role of quantity surveyor

e Cost Estimation
e Budgeting
e  Procurement
e Contract Administration
e Cost Control
e Value Engineering
e Risk Management
e Final Accounts
Generally, quantity surveyors act as financial consultants, ensuring that construction projects are executed within

budget, uphold quality standards, and ensure the best possible financial outcome for clients.

7.2. The role of a quantity surveyor through different stages of construction process [9]

- Pre-construction phase
Pre-construction is a very significant period for quantity surveyors, who estimate the cost, prepare bills of quantities,
and support the procurement activities. They identify the opportunities in value engineering, develop cost plans,

assess the risks of potential projects, and manage contract administration.

- During the construction phase
The services of a quantity surveyor during construction include cost control and project expense tracking, along with

the evaluation of contract variations, preparation of progress reports, and contract administration reviews. Some may

also provide a cash flow forecast and monthly progress payments approval.

- Construction project completion
Quantity surveyors finalize the project financial accounts upon construction, attend to claims and variations raised,

make post-construction cost analysis, prepare cost reports, and also help the project closeout process.

7.3. Quantity surveying software programs and tools

e Building Information Modelling (BIM): Autodesk Revit, ArchiCAD, and Tekla Structures

e  Cost Estimating and Take-off software: CostX, Plan Swift and On-Screen

e Accounting and financial software: QuickBooks, Xero, and Sage

e Estimating and Cost Management software: Candy (Construction and Estimating Software), Build soft, and
CostOS.

e  Microsoft Excel

e Project Management Software program: Microsoft Project, Primavera P6, and Procore
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7.4. Quantity surveying software programs and tools

Quantity surveying provides quite a number of benefits. It aids in maintaining that projects are completed within the
budget, accurate cost estimates, and enables cost control. Also give professional advice on procurement
contract administration, and project management. Clients will make informed decisions with the assistance of a

quantity surveyor about the construction project by making sure the projects are carried out successfully

-quantity take off (QTO) using BIM:[27]

e Benefits of BIM-based QTO:
« It simplifies the QTO process, hence increasing efficiency in construction projects.
* Cost estimation can be more accurate by automating calculations and reducing human errors

compared to manual methods.

e Challenges and Restrictions:
e The BIM software has to be integrated with cost estimation tools as it lacks comprehensive cost
estimation capabilities.
e Most BIM models submitted by contractors lack consistent quality and make data extraction
difficult.

*  The unsystematic parameters in the BIM model complicate the QTO and estimation workflows.

e Recommendations for Improvement:
«  Enhancing further the cost estimation capabilities in BIM tools.
» Establishing reliability and efficiency by systemizing parameters and analytics workflows, for

instance ID and layer management in developing the BIM-based QTO.

8. Construction Method

Construction methods are the techniques and processes followed during the construction phase. This is of great
importance to the civil engineer, as the proper methods will lead to results when applied correctly.

8.1. Foundation [10]

Foundations provide support for structures by transferring their loads into the layers of soil underneath them.

Foundations must be adequate; bearing capacity and suitable settlement properties so that the structure will be safe.

10
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8.2. Formwork [10]
According to Designing Buildings Wiki (2021), formwork Is a process used of creating a temporary moulid into which
concrete is poured and formed. Traditionally, formwork is manufactured using timber.
8.3. Masonry construction [10]

Masonry is the process of constructing with single units or pieces of material joined together by mortar. Materials

commonly used in masonry construction are bricks, stones, and concrete blocks.

8.4. Platform framing with wood [10]

Platform framing is a method where individual pieces of dimensional lumber are put together one after the other to
form the frame of the structure. In this method of construction, the platform is first constructed, then the walls of the
first floor of the building.

8.5. Light gauge steel framing [10]

Light gauge steel construction is similar in concept to wood framing, except that the wooden framing elements are
substituted by thin steel sections.

8.6. Joisted or load bearing masonry construction [10]

Load-bearing masonry is among the first and most widely used methods of construction throughout the world.

8.7. Steel Frame Construction [10]

The framing with structural steel is durable, reliable, and economical to erect for low-rise, mid-rise, and high-rise
buildings. It usually involves steel beams and columns for the vertical and horizontal structural elements that make
up the frame of the building.

8.8. Concrete frame construction [10]

A concrete frame construction is a network of columns and beams that work in transmitting loads applied on it to the
foundation effectively.

8.9. Pre-Engineering construction [10]

A PEB is a building designed by a manufacturer or supplier offering a custom design comprising a variety of materials

and methods to meet different structural and visual needs.

11
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8.10. Modern methods of construction [10]

Modern methods of construction are those advanced methods of building that ease the construction process. These
methods, such as digital design and prefabricated components, reduce the cost, construction time, and enhance

sustainability.

-Flat Slab Construction [10]:

This technique utilizes flat concrete slabs reinforced by columns of concrete without the use of any support beams. It

provides flexibility in layout design since there is no restriction on the height between the floors.

-Timber Frames [10]:

In timber framing, a load-bearing wooden frame is interconnected using mortise and tenon joints. Post and beam

construction is similar but uses steel bolts and other contacts rather than wooden joints.

-Thin Joint Masonry [10]:

The thin joint masonry technique makes the speed of construction even quicker with less mortar needed in structural
walls. Special adhesive mortar facilitates faster layering of large concrete blocks with lesser waste, hence lesser

material costs.

-3D Volumetric Construction [10]:

Three-dimensional units are manufactured in a factory and transported to the site for assembly. These units may be as
simple in complexity or be pre-fitted with external finishes and internal features.

-Raised Access Flooring [10]:

Raised access flooring is a system where modular panels are laid over an existing floor, providing space for plumbing,
electrical wiring, or HVAC systems. It offers more ease in maintenance and repairs compared to the more traditional
overhead systems.

9. Cost Estimation

During the design of a construction project, cost is continually estimated and revised at each stage of development;

this is referred to as the "engineer's estimate." A cost control system is implemented at the end of the design stage,

12
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culminating in producing the final "contractor's estimate,” normally by the contractor. This estimate then becomes
part of the construction budget and forms the basis of the cost control system for executing the project.
9.1. Preliminary estimates [11]
Preliminary estimates prepared during the progress of plans and designs for a project, are prepared well in advance of
the project being fully defined and therefore can be less precise. Producing a conceptual estimate of this nature is a
different process than producing the detailed final cost estimate.
9.2. Project cost estimate [11]
-Unit volume cost estimate
This type of estimate depends upon an estimated expenditure for every unit of the total volume enclosed. This is highly
appropriate for estimating warehouse and industrial buildings costs.
-Panel Unit Cost Estimate

This estimate analyzes the cost based on the unit cost per square meter of floor area, length of perimeter wall, partition
walls, and also the area of the roof. It is generally adopted during estimating purposes for various construction projects.

Cost categories as shown in Fig (3).

Key Costs
Categories

A 4 h 4

[ Direct Costs ] [ Indirect Costs ]
Labor Costs Material Costs Equipment Subcontractor Over Head Site Over Head
Costs Costs Costs Costs

Fig. 3. Key cost categories

13
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9.3. Tendring [12]

The construction industry has become so dynamic, and contractor selection and evaluation have always been an
important process, especially for those public projects that the government handles. The selection and evaluation of
contractors effectively ensure the success of the whole construction process. A qualified contractor ensures the
delivery of a successful project. From tight regulations to procurement ethics, the tendering process must go smoothly

and principles and objectives set must be encountered.

-Single-stage tendering

The most common tendering strategy is the single-stage competitive tender, where the contractor is invited to bid for
the whole construction project. Several contractors are provided with the tender documents, and they may base their
bids on the same information. Contractors are given a set period to submit their tenders, and the tenders received will
be evaluated for cost and quality. A preferred contractor is selected, and a formal contract is signed to complete the

project.

-Two-stage tendering

The tendering processes in recent times have moved to a more two-stage tendering procedure when the press for time
compels overlapping of design and tendering. The second case is observed when there are specific derivations
expected or achieved when the contractor provides his valuable technical inputs on later stages of design. In such
cases, first-stage tender documentation is sent to shortlisted tenderers who have been judged upon quality of the bid,
his team, and preliminary costs. The preferred contractor then joins the design team on a consultancy basis using a
pre-construction services agreement (PCSA). The preferred contractor then works with the professional team to

complete the design.

-Negotiated tender

A negotiated tender selects a single contractor who provides a price that is negotiated with the professional team,
normally the professional quantity surveyor (PQS), on behalf of the client. This negotiated tendering method therefore
has the advantage of speed in terms of achieving a price for the work. However, it may not have the competitive edge
of a formal bid. Many public bodies and government organizations restrict negotiated tenders except in exceptional

circumstances as value for money is difficult to prove in such cases

-Setting up tender

The selection of contractors to invite tendering is important, as the quality of the tender submissions will directly relate

to the quality of the contractors chosen. For these reasons, project teams should begin considering suitable contractors

14
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as early in the project as possible, often using prior experience, recommendations, or presentations by contractors

seeking work. The three primary methods for the selection of contractors include

e Open tendering: his is a type that gives an equal opportunity to anyone to express an interest in submitting
a tender. It is usually advertised in various journals or websites. It's found in public procurement, although

some restrictions apply to eligible contractors.

e Selective tendering: his is the shortlisting of contractors, which can be based on a pre-agreed framework or
an approved suppliers list. Unlike open tendering, selective tendering is not open to all, and contractors are

chosen by the project team.

e Single contractor selection: his approach works in conjunction with negotiation, where a single contractor

is chosen, and negotiations follow. Essentially, it is a shortlist consisting of only one contractor.

Once unsuitable contractors have been eliminated from the list, the next step is a formal pre-qualification process,
which may involve interviews or pre-qualification questionnaires, depending on the project's size and complexity.
This process ensures that contractors have the necessary experience, financial stability, and a solid health and safety

record.

10. Time Management

Time management in construction involves the process of organizing tasks, scheduling teams, and setting deadlines
to enhance project efficiency, save time, and reduce costs. With effective time-management techniques, project
managers can increase customer satisfaction while minimizing waste by keeping projects on track with a few key
steps:

e  Scheduling

e Reserve Time

e  Accurate Communication
10.1. work-breakdown structure (WBS) [13]

In project management and systems engineering, the WBS is a deliverable-oriented decomposition of a project into
smaller components. It is used to provide a framework that organizes the team's work into sections that can be more

easily managed.

10.2. Define activities [14]

In project management, an activity is the work that needs to be done to convert input into desired outputs. Activity

definition identifies and documents the activities that need to be done to produce the project deliverables. This helps

15



Youmna B. Metwally et al./ Project Navigating: A Guide to Successful Construction Project Management

further decompose the overall work packages into smaller activities, which the project manager can use to estimate,

schedule, execute, monitor, and control the actual work of the project.

10.3. Sequence activity:

Activity 2 I——)hl Activity 4
Activity 3 |—>| Activity 5

Activity 6

Activity 1

Fig. 4. Activity sequence

It is activity sequencing: the detailed identification and listing of actual activities constituting a project are made and
scheduled accordingly in their correct logical succession to permit the same completion in an optimal resource

allocation.

10.4. Develop schedule [15]

The project schedule development process is needed to identify what activities are to be done, how many resources
are required, and thereby how long the project will take in total. This is, therefore, a very important part of project

management to ensure that the project comes to a close in time.

10.5. Required inputs to develop schedule process

e  Project information

*  Project management plan

*  Project scope statement
e Activity information

e Activity list

e Activity attributes

e Activity duration estimates

*  Activity resource requirements
o  Enterprise Environmental Factors

e Organizational Process Assets

16
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e  Project schedule network diagrams
e Calendars
e Company calendar

* Resource calendars

11. Resource Management

Resource management is the systematic practice of planning, scheduling, and allocating human, financial, and
technological resources to a project or program. It involves the strategic distribution of resources to maximize
organizational value and ensure optimal outcomes. Effective resource management ensures that suitable resources are
available at the right time and assigned to the most critical tasks, thus supporting the efficient execution of

organizational objectives.

11.1. Types of resource management [16]

Management of Human Resources
Management of Financial Resources
Management of Material Resources
Management of Information Technology
Resource Management

Equipment Resource Management

11.2. Elements of Resource management [16]

e Infrastructure planning

e Staffing and Human Resources

e Financial monitoring

e Technological integration

e  Continuous Assessment and Improvement

11.3. Steps to become a resource manager [16]

It may be different to become a resource manager, depending on what you choose. It would determine your choice of

degree, your gained experience, and what skills you acquire in being a resource manager.

Obtain your degree
Get work experience
Hone the right skills.
Consider certification.

12. Financial Management

Financial management ensures the optimal allocation and utilization of resources in construction projects. Proper

17
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financial oversight can prevent cost overruns and ensure profitability.
12.1. Key aspect:

e Budgeting: Developing detailed cost estimates and contingency plans.
e Cost Monitoring: Tracking expenses against the budget in real-time.

e Cash Flow Management: Maintaining sufficient liquidity to meet current operational needs

12.2. Cash flow management [17]

Cash in and out refers to the process of keeping track of the money coming into and going out of the construction
project. It means keeping track of the sums of money received from customers or investors as well as the sums spent
on other expenses including supplies, labor, and machinery. Making sure the project has the funds to cover all costs
and maintain financial stability during the construction process is the objective of the cash in and cash out calculation.
The ability to make educated choices on the project's financial management is one of the major advantages of cash in
and cash out calculations for the project manager and senior management of the company. Engineers can spot any

financial shortages or excesses and take the steps needed to rectify them by monitoring the flow of funds.

12.3. Net cash flow

An essential component of a project's success is its cash flow during construction. Keeping control over your
company's finances and making sure you can pay your debts as a contractor need having a cash flow management

strategy. Contractors could get into financial problems very fast if they do not have a solid cash flow system in place.

12.4. Cash flow [18]

Amount of money enters and leaves a business. It is an indicator of a business's cash flow that helps in locating any
possible issues or areas in need of development. Cash flow is especially important in the construction industry since
it can determine whether a project succeeds or fails. Contractors' ability to pay for supplies, labor, and other project-
related expenses as well as manage their receivables is gauged by cash flow. Contractors may make sure they stay

within budget and have enough money on hand for emergencies by keeping an eye on their cash flow.

13. Updating and Controlling (Time and Cost)

Time and cost control are crucial aspects of construction project management. Effective management of these factors

guarantees projects are completed within budget and on schedule.

Here are some key strategies, as shown in Fig. 5, to update and control time and cost in construction projects:

13.1. Time control [19]
18
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e Develop a Detailed Project Schedule
e Develop a Detailed Project Schedule
e Regular Monitoring and Reporting

e Critical Path Analysis

e Time Management Techniques

e Flexibility and Adaptability
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Fig. 5. Development of time schedule: input, tools and techniques, output

13.2. Update schedule [19]

Schedule Development is the process of analyzing activity sequences, activity durations, resource requirements, and
schedule constraints to create the project schedule. Using a scheduling tool, input of activities, durations, and resources
results in a developed project schedule that represents planned dates for completing the tasks. The process of
developing an acceptable project schedule is often iterative. It determines the planned dates for accomplishing the
tasks and milestones. Developing the schedule may also include reviewing and revising duration and resource
estimates to create an approved project schedule that serves as a baseline for tracking progress. Realistic schedule
maintenance and updates are ongoing activities throughout the project because the work progresses, the project
management plan evolves, and risks change.

13.3. Schedule control [19]

Schedule control involves monitoring the status of the project, updating the project schedule as actual work is
performed, and managing changes to the schedule baseline, see Fig. 6. It emphasizes:

e  Status of the project schedule,

e Factors that may influence the schedule change,
19
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e Determination of schedule changes,

e Control of changes while they are happening.
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Fig. 6. Control schedule overview: input, tools and techniques, output

13.4. Cost control / updating budget [19]

Cost Control includes the ongoing process of monitoring the financial status of the project, updating the project budget,
and controlling changes to the cost baseline. The update to the budget includes documentation of actual costs accrued
at that point in time. Any increase to the approved budget can only be authorized through the Perform Integrated
Change Control process. The practice of merely monitoring spending and not measuring the value of the work
completed for those expenditures is of little value other than for keeping the project team within the approved budget.
A large part of cost control, therefore, involves reviewing the relationship between the funds expended and the
physical work accomplished for those expenditures. Cost control is most effective when managing the approved cost
performance baseline and any changes made to it see Fig (7).
Project cost control includes:

¢ Influencing the factors that create changes to the authorized cost baseline,

e Ensuring timely disposition of all change requests,

e Managing approved changes when and as they occur,
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e Ensuring that funds are not overspent at any time without prior approval, either for individual periods or in
total,

e Monitoring cost performance to detect and understand variances from the approved baseline,

e Tracking work performance against funds expended, see in Fig (7)
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Fig. 7. Control cost overview: input, tools and techniques, output

14. Quality management

Project Quality Management includes the processes and activities of the performing organization for organizational
quality policies, objectives, and responsibilities to make the project meet its purpose or aim. It includes documented
policies, procedures, and organized structure of applying the system and continuous process improvement throughout
the project as needed. Provides an overview of the Project Quality Management processes which include the
following:
e Plan Quality: identification of quality requirements and standards for the project and product, and
documentation of how the project will meet the requirements.

e Perform Quality Assurance: auditing the requirements for quality and results from the quality control

processes to ensure that appropriate quality standards and operational definitions are applied.

e Perform Quality Control: monitoring and recording the results of quality activities to assess performance
and recommend necessary changes.
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14.1. Integrating quality management principles [20]

The following quality management approach is in concert with the International Organization for Standardization
(1SO) standards and also harmonious with proprietary approaches like those developed by Deming, Juran, Crosby and
non-proprietary approaches such as Total Quality Management TQM, Six Sigma, Failure Mode and Effect Analysis

FMEA, design reviews, Voice of the Customer, Cost of Quality COQ and continuous improvement initiatives.

14.2. Modern quality management [21] [22]

e Customer Satisfaction: The emphasis today with modern quality management is all about customer
satisfaction; understand the customer expectations, appraise the customer expectations, and manage customer
expectations such that their needs are satisfied. It also involves a combination of conformance to

requirements.

e Prevention rather than inspection: A cornerstone of the modern quality management philosophy is that quality
is part of the process, not left to inspection. Prevention usually comes out to be far less costly than correction

after inspection identifies mistakes.

e Continuous Improvement: the Plan-Do-Check-Act cycle, as refined by Deming, provides the basis for
continuous improvements in quality. Quality initiatives like TQM and Six Sigma should contribute to both
the project management processes and the project's deliverables. Process improvement models such as
Malcolm Baldrige Award, Organizational Project Management Maturity Model (OPM3®) and Capability
Maturity Model Integrated (CMMI®) support such continuous improvement.

e Management Responsibility: While success is a matter of involvement from every member of the team, it

remains a management responsibility to provide whatever resources are needed to ensure project success.

14.3. Cloud computing and BIM during execution phase to improve quality management using new
technologies [26]:

It’s proved that integrating BIM with cloud computing improves quality management during the implementation phase
by improving design understanding, building a good database, and improving communication and collaboration
among stakeholders. This also makes on-site quality data collection easier with smartphones and ensures that defects

are recorded, and inspection data is input into a common digital platform. It also allows for ease in tracking corrective
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actions and feedback, giving continuous and organized access to real-time information and inspection results. This
reduces defects, saves time and costs by minimizing reworks, and hastens decision-making processes.
The use of a color-coded model, together with a historical record of the issues, provides a full view of the quality

status of the project in qualitative and quantitative terms as shown in Fig. (8).
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Fig. 8. Approach chart

15. Health, Safety and Environment (HSE)
15.1. Personal protective equipment:

All employees must get personal protective equipment (PPE), which includes safety shoes, hard hats, working gloves,
earplugs, safety goggles, and, for those assigned to higher elevations, a safety belt or harness. Wearing the most basic
PPE will be strictly enforced.

In summary, construction project management heavily relies on Health, Safety, and Environment (HSE). Every
construction firm has unavoidable obligations to prioritize worker safety and well-being, safeguard the environment,

and adhere to legal requirements. Construction projects can attain a high degree of safety and promote social
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responsibility and sustainable development by putting in place a thorough HSE program, which will improve the

future for all parties involved. [23]

16. Risk Management

The conceptual framework that underpins risk management guides companies in identifying, assessing, and managing
risks. The cyclical process that is part of the framework includes risk identification, assessment, reaction, monitoring,
and evaluation. To identify, evaluate, and reduce risks that could make it more difficult for a company to accomplish
its objectives, it includes a variety of techniques, plans, and resources. Risk management is essential for business
dynamics because it goes beyond simply avoiding hazards; it also involves a proactive, strategic proposal that enables

companies to take advantage of possibilities.

16.1. There are the four essential steps of a risk management process [24]

e Identify the Risk
e Risk Assessment
e Risk Response

e Risk Monitoring

16.2. Risk identification [24]

The very first step in any type of risk management involves the identification of risk. Here, it is a logical exploration
of the external and internal risks that could affect the goals of any organization. Economic variations, regulations, and

geopolitical tendencies begin this externally, and internally, there will be operational, human, or technological risks.

16.3. Risk assessment [24]

After identification, the risk would be assessed for a review of the potential impact on an organization and likelihood.
It is quantitatively or qualitatively analysed, after which it would then be prioritized in accordance with its severity
and also taking into consideration the organization's risk appetite. It provides a basis whereby a specific mitigation
strategy shall be developed.

16.4. Risk response [24]

With a well-understood set of identified risks, an organization can create appropriate responses. There are four major
risk strategies:

Accept: Acknowledge the risk and prepare to actively monitor and control.
Transfer: Pass the risk to another party, often through insurance arrangements.
Mitigate: Take action to reduce either likelihood or impact of the risk.

Avoid: Eliminate the risk completely by changing plans or actions.

16.5. Risk monitoring [24]
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Risk monitoring is a continuous process, particularly in a dynamic business environment. Continuous evaluations of
the suitability of risk management strategies keep the organizations current and able to revise their risk management

plans as necessary.

16.6. Different types of risks [24]

Enterprise risks are complex and can come in many shapes and forms within the organization. Understanding the
types of risk will help form a holistic approach to managing risk.

16.7. Financial risk [24]

Financial risks: These are threats associated with the financial security of an organization. The threats include currency
fluctuations, credit risks, liquidity issues, and market volatility, among others. Proper financial risk management

enables the organization to meet its debt obligations and capitalize on market opportunities.

16.8. Operational risks [24]

Operational risks arise from human elements, internal processes, and systems, and include supply chain disruptions,
human error, technological failure, and process breakdown. Strong operational risk management enhances the

reliability and resilience of the organization in respect to daily operations.

16.9. Strategic risks [24]

Strategic risks are uncertainties concerning strategic decisions and objectives of an organization. These may relate to
changes in the market dynamics, competitive pressures, and failures to adapt with changing trends. Good management
of strategic risk involves well-informed decisions and alignment of objectives internally to the external conditions in

the market.

16.10. Compliance and regulatory risks [24]

Organizations have to follow many different regulations and laws, depending on industry and location.
Noncompliance with these regulations leads to severe fines, irreparable reputation loss, and disturbances in operations.
Understanding all the applicable laws is involved in managing compliance risks; an effective strategy for ensuring

their adherence is also required.

16.11. Risk management using BIM technology [25]

It represents one of the most exciting, newest methods of drawing procedures and communications in all phases of a
project, which include design, construction, operation, and even renovation or demolition. In BIM, activities involved

in this stage include modelling, budgeting, quantity take-off, time planning, and site analysis, among others.
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Associated with every stage of BIM is the occurrence of specific risks.For instance, frequent design changes by an
owner may create vulnerabilities in project delays or misunderstandings between the design and the owner. BIM is a
robust system that coordinates and makes use of available digital information about a building project. The information
may include costs, schedules, fabrication, maintenance, energy analysis, and 3D models. These resources support
design decision-making, the creation of high-quality construction documents, performance prediction, cost estimation,
construction planning, and facility management. By leveraging its functionalities, BIM is able to prove its value in
mitigating construction risks.

Time risk: BIM implementation is so time-consuming; this sometimes creates scepticism about its effectiveness. BIM
has a big input of time and effort in the initial stages. The benefits are also realized more in complex projects rather
than in simple, repetitive ones. Some of the risks involved include legal, financial, and cultural resistance to change.
Traditional contracts, based on individual rights and responsibilities, are not suited for the collaborative nature of
BIM. This often leads to conflicts between the need for accountability and the push for teamwork.

While BIM introduces transparency and shared information throughout a project, collaboration also generates risks;
there is, for instance, the potential for misuse of information shared. Most contractors have concern over liabilities

and challenges emanating from collaborative working under BIM processes

17. Conclusion

The paper reviews how the adoption of modern techniques and technologies within the management of construction
projects becomes imperative to address such complications in present times. Management of a construction project
basically integrates main aspects, via. planning, allocation of resources, mitigation of risks, stakeholder collaboration
along the cycle of the project. Emphasis is placed on how BIM and cloud computing integrate into one, whereby
enhanced communication, collaboration, and access to data highly improve quality management in a construction
project. In addition, advantages accrued from such technologies include smoothing of work processes, reduction of
errors, and enhancement in making informed decisions.

The study also highlights the importance of quantity surveying, accurate cost estimation, and efficient site layout
planning as key to successful project executions. Resource management should be followed by time and cost control;
these are still critical for scheduled completion and cost plans for projects. Modern construction methodologies, like
prefabrication and BIM-based planning, represent promising pathways toward higher productivity, sustainability, and
improved project outcomes.

The challenges are still there, like resistance to change, lack of interoperability among BIM tools, and the need for
systematic parameters in models. Overcoming these barriers requires the construction industry to adopt tighter quality

control standards, invest more in training, and encourage broader dissemination of collaborative tools and methods.
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Addressing these gaps will let construction project management continue its development toward higher productivity,

cost-effectiveness, and successful project delivery, meeting the expectations of all stakeholders.
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