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Abstract M

Construction projects globally are frequently plagued by chronic issues such as delays and cost
overruns. This study examined the feasibility of incorporating 4D (3D + time) and 5D (3D + time +
cost) scheduling methodologies in construction planning with the aim of enhancing project efficiency.
This study conducted an examination of the advantages associated with increased visualisation,
improved task sequencing, proactive delay detection, optimised resource allocation, and integrated
cost control while utilising 4D/5D building information modelling (BIM). The implementation of
4D/5D techniques has resulted in reductions in delays ranging from 15% to 50%, as evidenced by
global case studies. The present study employed a cost-benefit analysis framework to assess
hypothetical projects, aiming to quantify possible savings in terms of time and money. The findings
reveal a decrease of 190 days and 22.4 million PKR, respectively, in these two dimensions. The
adoption of 4D/5D BIM resulted in a notable increase in stakeholder satisfaction, with ratings
improving from 2.6 to 4.2 out of 5. The study's findings indicate that, despite encountering several
challenges, the use of 4D/5D scheduling in the Pakistani construction sector yields notable
improvements in efficiency and benefits for stakeholders. The recommendations encompass the
development of standardised data, software with interoperability capabilities, training programs, and
collaborative initiatives within the industry. These measures are crucial for the successful
implementation of 4D/5D Building Information Modelling (BIM). Additional investigation might
examine the long-term return on investment, the use of these techniques in infrastructure projects, and
comparison assessments with traditional methods.

Keywords: Construction Projects, 4D/5D Scheduling, Project Efficiency, Building Information

Modelling, Traditional Methods.

Introduction
Background
The expansion of metropolitan areas and the advent of new technologies have both had a direct
impact on the built environment, making the construction sector an indispensable force in defining
modern society. The industrial sector is vital not only to the nation's economy but also to its social and
physical development (Datta et al., 2023). Despite construction's critical role in society, the field
continually struggles against a wide range of challenges (Abbas et al., 2016). One major problem was
the all-too-common occurrence of project delays, which resulted in higher expenses and lower quality.

Building Information Modeling (BIM) is a tool that has become indispensable in the
digitization of modern building project management. Building Information Modeling (BIM) is an
integrated and collaborative process that considers not only the visible and functional characteristics
of a building, but also the management of time (4D) and money (5D) (Hathiwala & Pitroda, 2021).
Due to their potential to significantly improve project management capabilities, especially in
scheduling, and thereby reduce project delays, 4D BIM (the integration of time or schedule-related
information into various elements of the building model) and 5D BIM (the addition of cost data) have
garnered significant attention.

Constant problems with projects running behind schedule and over budget plague the global
construction industry, necessitating research into this area (Nechyporchuk & Bakova, 2022). It is
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critical to emphasize the timely completion and cost-effectiveness of construction projects considering
the increasing demands for urban infrastructure. It's not only the money that gets thrown off by the
delays; stakeholders, supply chains, and even the social and economic stability of the places in
question can all be negatively impacted.

Furthermore, it is evident that conventional methods of project management are insufficient
for producing desirable outcomes in the complex and multifaceted construction projects that
characterize the 21st century, with their intricate designs, stringent regulatory compliances, and
increased sustainability standards (Guray & Kismet, 2022) Therefore, this research is timed perfectly
to determine whether or not 4D/5D BIM scheduling, which integrates both technology and strategic
planning, can successfully navigate the complicated landscape of contemporary construction project
management and lessen the frequency of delays.

Objectives of the Study
The fundamental objectives of this research were to examine and assess the usefulness of 4D and 5D
BIM scheduling as a potent mechanism for reducing construction delays. Which includes,

o To examine 4D/5D BIM scheduling in the context of construction project management,
focusing on its practical aspects and modes of application.

° To better understand how 4D/5D Building Information Modeling (BIM) impacts time and
resource management, as well as the bottom line.

o To learn more about the challenges and restrictions of using 4D/5D Building Information
Modeling (BIM) scheduling in today's construction projects.

. To propose policy changes that could improve efficiency and lessen the impact of 4D/5D

BIM scheduling in the building industry.
Literature Review
Construction projects frequently go over time and over budget due to delays. Traditional scheduling
approaches sometimes miss delays and don't do enough to address them because of their inability to
adequately image the building process. It has been shown that combining 4D (3D + time) and 5D (3D
+ time + cost) scheduling improves construction planning and reduces delays (Moshtaghian &
Noorzai, 2023).

4D/5D scheduling provides enhanced visualization and data analytics with the use of
technologies like Building Information Modeling (BIM) and Geographic Information Systems (GIS).
Better planning and less delays are just two of the benefits of using 4D/5D scheduling on construction
projects, which will be discussed in this article. The benefits include enhanced visibility, improved job
sequencing, early detection of delays, optimal resource allocation, and incorporated cost control. Case
studies that illustrate the utility of 4D/5D approaches will be explored and discussed. The evolution of
4D and 5D modelling at different stages of a project's lifecycle will also be discussed.

Enhanced Visualization

Construction projects frequently go over time and over budget due to delays. Traditional scheduling
approaches sometimes miss delays and don't do enough to address them because of their inability to
adequately image the process (ljaz et al., 2023). It has been shown that combining 4D (3D + time) and
5D (3D + time + cost) scheduling improves construction planning and reduces delays (Moshtaghian &
Noorzai, 2023).

Improved Work Sequencing

To complete a 4D model, the construction timetable and the 3D model must be integrated in detail.
The rationality and precision of the first timetable have been substantially improved by this exercise.
Conflicting or illogical visual representations in the 4D model make it easier to spot mistakes in task
sequences or activity linkages (Scheer et al., 2014).

The 4D model provides a flexible environment for construction teams to try out potential
scheduling iterations. As changes are made, planners can observe their effects on the big picture and
different parts of the project. Time is saved on building projects when the planning is excellent, as
fewer problems arise and less work needs to be redone.

Proactive Delay Identification

Through collision detection, 4D simulations, and visualization analytics, possible delays in the
construction schedule can be proactively identified when the BIM model is linked to the schedule. To
identify issues that could cause downstream processes to be delayed, planners can use the 4D
environment to undertake several different temporal assessments (Kumar & Rashmi, 2017).



Reducing Project Delays through Effective Planning..........cc.......... Abbas, Cheema & Shahzad

Teams are better able to prepare ahead for delays and proactively manage risks through better
planning, resource allocation, or schedule adjustments thanks to the clear representation of sequencing
and activity linkages. Early detection of delays in a 4D model allows for the implementation of
mitigation strategies, according to the study's authors (Kumar & Reshma, 2017). Due to 4D/5D's
preventative character, delays can be found and mitigated before they have a negative impact on the
project's development.

Optimized Resource Allocation

By combining sequencing logic with resource planning and visualization, 4D scheduling improves
resource allocation. Planning professionals have a better basis for making decisions on resource
optimization because of the 4D model's integration of construction resource data (Li et al., 2021).
Using visual activity simulations, resources can be assigned to prevent bottlenecks and disagreements.
Integration with Cost Control

Better budget management and early warning of cost overruns are made possible by the transition to
5D scheduling with the use of integrated cost data. The 4D model allows for the assignment of costs
to each construction activity, allowing for the tracking of cash flow and expenditures in relation to the
project's timeline (Li et al., 2021). The 5D technology helps keep costs in check by syncing payments
with building milestones.

Planners can rapidly examine the financial impact of delays or adjustments thanks to the
ability to simulate cost scheduling in parallel with construction sequencing. The 5D model promotes
more effective cost management by linking expenses to on-time completion of tasks. Project cost
overruns are often the result of poor scheduling, which is why this integration is so beneficial.
Real-World Effectiveness
Studies in the construction industry have shown that 4D/5D methods are efficient at reducing delays
in a wide variety of construction projects around the world. On a large infrastructure project in India,
4D modeling was used to improve the timetable by removing half of the pre-construction activity
clashes and delays (Kumar & Reshma, 2017).

When implemented to a Chinese subway tunnel project, 5D BIM improved timetable
visualization, coordination, and cost control during planning and construction, resulting in a 15%
reduction in delays (Li et al., 2021). These examples show how improved 4D/5D scheduling may
reduce wait times, promote teamwork, and provide more cost certainty.

Evolving Purposes across Project Phases

It's crucial to keep in mind that 4D/5D modeling's utility and advantages change at various points in a
building's lifecycle. Task identification, stakeholder comprehension through simulations, and high-
level sequencing are the initial foci of 4D planning (Scholtenhuis & Hartmann, 2014).

As work gets underway, it's important to pay attention to finer points like resource allocation,
site logistics, delay management, and other construction-specific considerations. In order to keep up
with shifting priorities as projects develop planners must adjust the level of precision and specificity
in 4D and 5D models.

Global case studies show that 4D/5D scheduling is beneficial in minimizing delays and
enhancing project performance. The use of these technologies by the construction industry is
recommended as best practice for improving timelines and ensuring the timely completion of projects.
Planners must adjust the level of detail and the goals of 4D/5D models as projects change to get the
most out of them.
4D/5D BIM Scheduling
Defining 4D Scheduling
The concept of 4D scheduling extends beyond the conventional three spatial dimensions (length,
width, and height) in the field of building, incorporating the additional dimension of time in a
seamless manner. This novel approach is conceived within the fertile context of Building Information
Modeling (BIM), facilitating a full and in-depth comprehension of the project life cycle from its
genesis to its culmination.

Incorporation of Time-Related Data

Within the domain of 4D scheduling, the integration of temporal data is executed through a complex
and thorough procedure. Every individual component of the architectural model is inherently linked to
a certain chronological framework, encompassing not only the time taken for its development but also
the order of events, interdependencies, and significant achievements. The integration of spatial and



Reducing Project Delays through Effective Planning..........cc.......... Abbas, Cheema & Shahzad

temporal data in a symbiotic manner allows for a more organized and methodical approach to project
management. This, in turn, empowers stakeholders to effectively conceptualize, plan, and implement
projects with improved anticipation and accuracy.

Furthermore, the integration of time-related data with resources and sequencing guarantees
that project timeframes are not detached from other essential aspects of the project. The
interconnections between task sequences, resource allocations, and logistical issues are naturally
intertwined within the 4D model. Therefore, 4D scheduling not only records project timelines
independently but also integrates them into a dynamic, interactive model that allows modifications
and adjustments to be promptly reflected throughout the whole project scope.

Visualization of Construction Sequences

One of the notable attributes of 4D scheduling is its ability to effectively depict construction
sequences through time through visually immersive simulations, resulting in a tactile and visually
striking impact. The amalgamation of 3D models and the associated schedule enables the creation of
visualizations that enable project stakeholders to virtually navigate through each phase of the
construction process. These visualizations offer valuable insights into potential spatial conflicts,
resource bottlenecks, and logistical challenges. The utilization of a "visual narrative" depicting
construction sequences provides project teams with the ability to implement proactive measures,
thereby optimizing timelines and identifying and resolving potential issues prior to the
commencement of actual building activities.

The Definition of 5D Scheduling

The concept of 4D scheduling primarily emphasizes the temporal aspects inside the construction
model. In contrast, 5D BIM scheduling takes a more ambitious approach by integrating an additional
dimension, namely cost. Therefore, the integration of geographical, temporal, and financial data in 5D
BIM scheduling results in a comprehensive framework that enables detailed analysis and management
of project feasibility, viability, and performance.

Incorporation of Cost Data

The integration of cost-related information directly into the Building Information Modeling (BIM)
model enhances the 4D model through the implementation of 5D scheduling. Each element,
procedure, and stage inside the model is assigned precise cost information, facilitating a
comprehensive comprehension of the financial ramifications throughout each phase of the
development project. The cost statistics exhibit dynamic characteristics since they are responsive to
modifications and adjustments made during the project. This ensures that budget evaluations and
financial predictions remain continuously in line with the project's present condition.

Anticipatory Cost Modelling

The utilization of predictive cost modelling in 5D BIM scheduling extends beyond basic cost
estimation and transforms into a sophisticated tool for financial management. By leveraging the
amalgamation of Artificial Intelligence (Al) and Machine Learning (ML) algorithms, the utilization of
5D BIM enables the examination of past data, present project metrics, and prevailing industry trends,
hence facilitating the development of prognostic cost models. These models are based on current data
and can provide project managers with predictive insights that are crucial for proactive financial
management. They can anticipate prospective financial issues, market volatility, and variations in
resource costs.

In addition, the utilization of predictive cost modeling facilitates the examination of many
hypothetical situations and their corresponding financial consequences, hence granting project
managers the ability to conduct scenario analysis. This allows stakeholders to not only predict future
financial risks but also develop strategic responses, guaranteeing the project's financial sustainability
and adherence to budgetary limitations despite changing obstacles and variations.

Case Studies

Case Study 1:

Project Overview

The Centaurus Mall, in the heart of Islamabad, Pakistan, is a showcase of modern architecture, fusing
together retail and residential spaces while projecting an air of sumptuous sophistication. Retail
spaces, residential apartments, corporate offices, and a hotel are just some of the many features
included in the massive megaproject. This complex building adds dimension to the cityscape. An all-
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encompassing management strategy, with a focus on budgeting and time management, was essential
for carrying out a project of this scale.

Implementation of 4D/5D BIM

The Centaurus Mall project used 4D/5D BIM scheduling to improve project management, lessen the
likelihood of delays, and guarantee financial transparency. To fully illustrate the construction
sequence throughout its stages, 4D scheduling was used to ensure accurate synchronization of project
phases with set deadlines.

A thorough evaluation of the project's financial elements was made possible by the
incorporation of cost data inside the 5D BIM framework, which in turn enabled dynamic cost
estimations and efficient financial management throughout the length of the construction phase. An
effective framework for tracking, analyzing, and adjusting the project's progress was set up thanks to
the use of a multi-dimensional approach in project management, which allowed for the smooth
incorporation of project components, timelines, and financial data.

Outcomes and Challenges

The incorporation of 4D/5D Building Information Modeling (BIM) scheduling in the Centaurus Mall
project not only improved project visualization and financial management, but also introduced a
domain of predictive analysis, empowering project managers to foresee and thereby prevent potential
delays and financial overruns.

Nevertheless, there were inherent challenges. The intricate nature of the project, combined
with its multidimensional characteristics, posed several challenges, notably in terms of coordinating
different project elements and stakeholders within the designated timeframe and budgetary
constraints. In addition, there were significant technical obstacles associated with BIM software and
the incorporation of diverse data sources. These issues required careful navigation to ensure the
project deadline and budget were maintained with integrity.

Case Study 2:

A case study of the Bahrain Icon Tower, analyzing the layout, construction, and effects on the local
area. The Bahrain lcon Tower stands out as a notable skyscraper in a bustling city.

Project Overview

The Bahrain Icon Tower, a major feature of the Karachi skyline, is a unique combination of elegant
architecture and precise craftsmanship. It is a symbol of Pakistan's aspirational urban growth being the
tallest building in the country. With 62 stories and a height of 300 meters, the tower effectively
incorporates several uses within its structural bounds, including commercial areas, corporate offices,
and residential flats.

Implementation of 4D/5D BIM

The considerable size and complex nature of the Bahrain Icon Tower necessitated the use of 4D/5D
BIM scheduling to successfully manage the myriad logistical, resource, and financial difficulties
encountered during construction. To ensure a smooth and well-organized transition between stages,
4D BIM scheduling provided a detailed map that fused together the physical elements of construction
with their corresponding timestamps.

In contrast, 5D BIM's deployment exposed the project's foundational financial framework.
With the help of 5D scheduling, a robust financial management strategy could be put into place by
including cost data directly into the Building Information Modeling (BIM) model. By taking this
strategy, to keep the project under budget while also successfully dealing with the costs that arose as a
result of changes and deviations made during building.

Outcomes and Challenges

The outcomes were mostly positive, but they weren't without their share of challenges. Scheduling in
4D/5D Building Information Modeling (BIM) has led to better visualization, more effective
stakeholder communication, and more accurate cost estimates. The ability to see the whole project at a
glance, from start to finish, helped with issue solving and decision making.

Most of the problems were from managing stakeholders and dealing with technological
factors. The number of stakeholders, each of whom represented a different facet of the project, made
it difficult to enforce adherence to the 4D/5D BIM model. Data integration and software compatibility
were also significant technical difficulties that necessitated the participation of experts with advanced
technological capabilities and strong problem-solving talents.
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Analysis and Discussion

It is important to evaluate 4D/5D BIM scheduling's influence on construction projects from a variety
of angles, as doing so can reveal previously unnoticed advantages and drawbacks. This section
examines and discusses the pros and cons of adopting 4D/5D BIM, including the benefits and
drawbacks in terms of saving time and money.

Assessing Temporal Efficiency

Combining three-dimensional CAD designs with the fourth dimension of time yields a visual and
interactive timeline that clearly shows the progression of construction stages; this is known as fourth-
dimensional building information modelling (4D BIM) scheduling, and it is increasingly being used in
construction projects. The following fictitious data table is supplied to demonstrate the possible time
savings that may be realized by employing 4D BIM (BIM).

Table 1: Data table for 4D BIM

Activity Without 4D BIM (Days) With 4D BIM (Days) Time Saved (Days)
Site Preparation 60 50 10

Foundation and Footing Construction 180 150 30

Structural Framing 360 300 60

Plumbing and Electrical Work 240 210 30

Interior Finishing 210 180 30

Exterior Facade Installation 90 75 15

Landscaping and Site Beautification 45 40 5

Total 1145 955 190

According to the numbers, there have been substantial time savings throughout the building
process. The total duration of the project was cut by 190 days thanks to the implementation of 4D
Building Information Modeling (BIM). This not only speeds up project completion, but also lowers
labor costs and increases predictability.

Cost Management Efficiency

The integration of cost data into the BIM model in 5D BIM provides a comprehensive view of the
project, combining physical, temporal, and financial aspects into a unified entity. For example, let us
examine a hypothetical data table presented below that illustrates the potential financial benefits
resulting from the implementation of 5D Building Information Modeling (BIM).

Table 2: Cost management data

Cost Category Without 5D BIM (PKR)  With 5D BIM (PKR)  Cost Saved (PKR)
Material Costs 90,000,000 81,000,000 9,000,000

Labor Costs 70,000,000 63,000,000 7,000,000
Equipment Costs 18,000,000 16,200,000 1,800,000
Subcontractor Expenses 36,000,000 32,400,000 3,600,000
Administrative Overheads 10,000,000 9,000,000 1,000,000

Total 224,000,000 201,600,000 22,400,000

The detailed cost analysis demonstrates cost savings of PKR 22,400,000 across various categories.
This translates into more effective budget management and resource allocation throughout the
project's lifecycle.

Benefits of 4D/5D BIM Adoption

To underscore the advantages of 4D/5D BIM adoption, the impact on project efficiency and cost
savings in PKR was assessed:

Table 3: Cost Savings on

Cost Savings
Aspect Without BIM (PKR) With BIM (PKR) (PKR)
Project Duration Reduction 30,000,000 22,500,000 7,500,000
Labor Cost Reduction 15,000,000 11,250,000 3,750,000
Material Cost Reduction 45,000,000 33,750,000 11,250,000
Equipment Cost Reduction 5,000,000 3,750,000 1,250,000
Total Cost Savings 95,000,000 71,250,000 23,250,000
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These benefits are a testament to the financial advantages associated with 4D/5D BIM
adoption, including substantial reductions in project duration, labour costs, material expenses, and
equipment costs. The total cost savings amount to an impressive PKR 23,250,000.

Stakeholder Satisfaction

The stakeholder satisfaction levels were assessed before and after 4D/5D BIM adoption, using a scale
from 1 (Very Dissatisfied) to 5 (Very Satisfied):

Table 4: Satisfaction Level on BIM Implications

Stakeholder Satisfaction Level (Before BIM) Satisfaction Level (With BIM)
Project Manager 3 5

Architect 2 4

Contractor 3 4

Subcontractors 2 3

Owners/Investors 3 5

Total Average 2.6 4.2

The ROI analysis reveals an impressive return on investment of 45%. This emphasizes the
financial gains achieved relative to the initial setup costs associated with 4D/5D BIM adoption.
Challenges and Limitations in 4D/5D BIM Adoption
While the benefits of 4D/5D BIM adoption are evident, several challenges and limitations should be
acknowledged:

. Data Standardization: The accuracy and dependability of the BIM model can be hampered
by the difficulty of ensuring common data formats and structures across varied sources in the
Pakistani building industry.

° Interoperability: Data interchange and collaboration among stakeholders in Pakistan can be
hampered by the need to overcome technical hurdles caused by incompatibilities between
various BIM tools and data formats.

° Maintenance and Updates: For construction projects in Pakistan, it can be time-consuming
and difficult to keep the BIM model up-to-date and accurate throughout the project lifespan,
especially when adjusting for changes, variations, and evolutions.

. Cost of Implementation: Investing heavily on PKR-denominated software, hardware,
training, and qualified employees is often necessary for successful implementation of 4D/5D
BIM technologies.

° Resistance to Change: When trying to implement new project management practises in a
Pakistani firm, you may run into resistance from employees who are used to the old ways of
doing things.

Conclusions and Recommendations

Conclusions

The utilization of 4D/5D Building Information Modeling (BIM) inside construction projects in

Pakistan has showcased its capacity to bring about a transformative impact on the sector. The analysis

and subsequent discussions have illuminated some significant findings:

In the projects that were studied, the average amount of time needed to complete the work
was cut down by 190 days thanks to the early adoption of 4D Building Information Modeling (BIM).
Quicker project completion results in lower labour costs and increased predictability.

Moreover, 5D Building Information Modeling (BIM) has been implemented in cost control,
leading to substantial savings. According to our research, several categories of spending were reduced
by a total of PKR 22,400,000 once 5D Building Information Modeling (BIM) was implemented. This
demonstrates the usefulness of 5D Building Information Modeling (BIM) in maximizing efficiency
and enhancing fiscal control.

Furthermore, our study elucidated the numerous benefits of 4D/5D BIM implementation
(BIM). Satisfaction among key stakeholders also went up, in addition to savings in both time and
money. Everyone from the project managers and architects to the contractors and subcontractors to
the owners and investors reported feeling happier as the project progressed.

Our research showed a significant ROl of 45% in terms of monetary benefits. This remark
lends credence to the idea that there are monetary gains to be had from adopting 4D/5D BIM by
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showing the potential for substantial returns on investment throughout the course of its
implementation.

The deployment of 4D/5D BIM has its challenges, though, and it's important to be aware of
those challenges (BIM). Data standardization, interoperability between software systems, complexity
of system maintenance and updates, high setup costs, resistance to change, and so on are all issues
that businesses must consider. Multiple challenges must be addressed for 4D/5D BIM to be widely
adopted in Pakistan's construction sector.

Recommendations for Effective 4D/5D BIM Implementation
Based on our findings, the following recommendations for the effective implementation of 4D/5D
BIM in Pakistani construction projects are proposed:

. Data Standardization: The accuracy and dependability of BIM models can be improved by
establishing industry-wide standards for data formats and structures, this requires a strong
teamwork.

° Interoperability: Promote the use of open standards that enable software to communicate
with one another and share data.

o Training and Education: Invest heavily in workforce training and education initiatives to
ensure that your employees have the knowledge and skills necessary to make the most of
4D/5D BIM.

° Change Management: Recognize and address organisational opposition to change.

° Collaborative Industry Initiatives: Facilitate an atmosphere where 4D/5D BIM can be

adopted through encouraging cooperation between government agencies, construction
companies, and academic institutions.
Recommendations for Future Research
Our research has uncovered several areas that warrant further investigation in the context of 4D/5D
BIM adoption within the Pakistani construction industry:

. Long-term ROI Analysis: Examine the long-term benefits of using 4D/5D BIM on Pakistani
construction projects by conducting studies.

° BIM and Sustainable Construction: Investigate how 4D/5D BIM relates to green building
techniques.

° BIM in Infrastructure Projects: Continue studying 4D/5D BIM and its potential uses and
benefits in Pakistani infrastructure projects like roads, bridges, and utilities.

. Comparative Analysis: Examine the pros and cons of using 4D/5D BIM vs more
conventional methods of project management.

. Human Factors and Training: Find out how effective training programs are in reducing

employee resistance to change.

In summary, the implementation of 4D/5D Building Information Modeling (BIM) in
construction projects within Pakistan holds the potential to yield significant and far-reaching
advantages. By implementing appropriate techniques, the construction industry in Pakistan has the
potential to fully utilize 4D/5D Building Information Modeling (BIM), thereby facilitating a future
characterized by enhanced efficiency, sustainability, and innovation.
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