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 Abstract  

Engineering, Procurement, Construction, and Commissioning (EPCC) 

projects often apply overlapping phases to accelerate project 

completion. This strategy allows procurement, construction, or 

commissioning to start before the preceding phase is fully completed. 

However, design, material, schedule, and cost information may continue 

to change and affect the accuracy of 4D and 5D Building Information 

Modeling (BIM). This study explains the effect of EPCC phase overlap 

on the time accuracy of 4D BIM and the cost accuracy of 5D BIM and 

describes the role of BIM in project control. A literature review was 

conducted using 38 journal articles covering fast-track construction, 4D 

BIM, 5D BIM, scheduling, procurement, quantity take-off, 

interoperability, and cost control. The findings show that overlap can 

reduce BIM accuracy when design changes, procurement status, field 

progress, and cost information are not updated promptly. The accuracy 

of 4D BIM is affected in work sequence, activity relationships, duration, 

progress, and completion time. The accuracy of 5D BIM is affected in 

quantities, prices, rework costs, scope changes, and final cost forecasts. 

Nevertheless, BIM remains important because it enables project teams 

to identify the time and cost consequences of changes more quickly. BIM 

accuracy can be maintained through regular model updates, consistent 

project data, integration of models with schedule and cost information, 

and coordination among EPCC phases. 

Introduction 

EPCC projects integrate engineering, procurement, construction, and commissioning into a 

single, interconnected project delivery process (Arifuddin & Abdurrahman Engineerin, 2026; 

Jaafar & Zainuddin, 2020; Prasetya, 2026). outputs provide the basis for procurement, 

procurement status determines construction readiness, and construction completion governs 

testing and commissioning readiness. Consequently, changes in one phase can significantly 

affect subsequent phases, particularly in industrial, energy, and infrastructure projects 

characterized by multiple systems and work packages. 

To accelerate project completion, many EPCC projects adopt a fast-track approach, in which 

activities from different phases are intentionally overlapped. Procurement may begin based 

on preliminary specifications, construction may proceed using released design packages 

before the entire design is finalized, and commissioning may be conducted on a system-by-

system basis before all physical works have been completed. While the fast-track strategy 

offers opportunities for schedule reduction, it also increases uncertainty, coordination 
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requirements, design revisions, rework, and cost adjustments (Peña-Mora & Li, 2001; Peña-

Mora & Park, 2001; Garrido Martins et al., 2023). 

Building Information Modeling (BIM) has evolved into an integrated information 

management system that supports project coordination, visualization, planning, and control. 

The effectiveness of BIM depends on data quality, collaborative processes, information 

structure, and the organization's ability to maintain and update the model (Succar, 2009; 

Azhar, 2011; Bryde et al., 2013; Cao et al., 2015). 4D BIM integrates three-dimensional 

models with project schedules, whereas 5D BIM links the model with quantity and cost 

information. 

Challenges arise when BIM models continue to rely on outdated designs or project status. 

Under overlapping conditions, design changes may occur after procurement or construction 

has already begun. Consequently, the 4D BIM schedule may display sequences and 

completion dates that no longer reflect actual project conditions, while 5D BIM may generate 

quantity and cost information based on a scope that has already changed. In addition, 

interoperability issues and inconsistencies in data structures among software platforms may 

further reduce information consistency (Laakso & Kiviniemi, 2012; Noardo et al., 2021; 

Pauwels et al., 2017). 

Previous studies have examined the risks associated with fast-track delivery, the benefits of 

BIM, 4D modeling, progress monitoring, quantity take-off, and 5D BIM. However, research 

specifically investigating the direct relationship between overlapping EPCC phases and the 

accuracy of 4D and 5D BIM remains limited. Therefore, this study aims to: (1) describe the 

forms of phase overlap in EPCC projects; (2) analyze the effects of overlapping phases on the 

accuracy of 4D BIM and 5D BIM; and (3) explain the role of BIM in supporting project time 

and cost control. 

Literature Review 

Overlapping Phases in EPCC Projects 

Overlapping phases refer to the execution of a subsequent project phase before the preceding 

phase has been fully completed. In EPCC projects, overlap may occur between engineering 

and procurement, engineering and construction, procurement and construction, as well as 

construction and commissioning. The degree of overlap varies across projects depending on 

schedule objectives, design maturity, material availability, contractual arrangements, and risk 

tolerance. 

Although fast-track delivery can significantly reduce waiting time between project phases, its 

success depends largely on the quality of information exchange. Changes to upstream 

information after downstream activities have commenced may result in change orders, 

rework, sequence modifications, schedule delays, and additional costs. Dynamic planning 

approaches are therefore required because initial plans must continuously adapt to changes 

occurring during project execution (Peña-Mora & Li, 2001; Peña-Mora & Park, 2001). 

Research on fast-track project risks further indicates that the extent of phase overlap is directly 

associated with changes in the level of risk perceived by practitioners (Garrido Martins et al., 

2023). 

Within the engineering–procurement interface, the primary risk arises when purchasing 

activities begin before final specifications and quantities have been established. At the 

engineering–construction interface, design revisions may alter the sequence and scope of 

ongoing construction activities. At the procurement–construction interface, material or 

vendor delays may interrupt field operations. Finally, during the construction–commissioning 

interface, incomplete systems, documentation, or unresolved punch-list items may delay 

commissioning activities. Procurement-related risks in EPC projects can therefore propagate 
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throughout the project schedule and budget because of the complex interdependencies among 

stakeholders and work packages (Wang & Wang, 2022). 

4D BIM and Schedule Accuracy 

4D BIM integrates model objects with project activities and scheduling information. Its 

application has evolved beyond simple construction sequence visualization to include 

coordination, constructability review, project communication, progress monitoring, and 

schedule updating (Koo & Fischer, 2000; Heesom & Mahdjoubi, 2004; Hartmann et al., 2008; 

Rehman et al., 2025). Studies on 4D BIM implementation also emphasize the importance of 

system compatibility, user competency, and implementation processes (Gledson & 

Greenwood, 2016, 2017). 

The accuracy of 4D BIM refers to the extent to which model objects, activities, dependency 

relationships, durations, dates, and progress information accurately reflect the latest project 

schedule and actual site conditions. Developing an accurate 4D schedule requires an 

appropriate level of detail, clearly defined model parameters, well-defined responsibilities, 

and consistent model updates (Doukari et al., 2022). If model objects are incorrectly linked to 

project activities, the resulting 4D visualization may appear complete while providing 

inaccurate scheduling information. 

Furthermore, 4D BIM can be integrated with measurement technologies to compare planned 

and actual construction progress. The application of laser scanning, point clouds, and remote 

sensing technologies demonstrates that BIM can effectively support progress measurement 

and schedule updating (Turkan et al., 2012; Kim et al., 2013; Zhang & Arditi, 2013). During 

coordination meetings, 4D models also facilitate constructability reviews and promote a 

shared understanding of construction sequencing among project stakeholders (Staub-French 

& Khanzode, 2007; Boton, 2018). 

5D BIM and Cost Accuracy 

5D BIM integrates model objects with quantities, work classifications, unit prices, budgets, 

procurement commitments, actual expenditures, and estimated final costs. The system 

supports quantity take-off, cost estimation, change analysis, payment management, and cash 

flow control (Smith, 2014; Lu et al., 2016; Vigneault et al., 2020; Pishdad & Onungwa, 2024). 

The accuracy of 5D BIM depends not only on the software's capability to calculate quantities 

automatically but also on object modeling practices, measurement rules, cost classification 

systems, unit price quality, and the currency of project scope information. Dedicated modeling 

guidelines for quantity take-off are essential to ensure that model information can be 

accurately translated into measurable quantities (Monteiro & Martins, 2013). Previous studies 

also identify challenges related to incomplete model objects, differences in measurement 

methodologies, software functionality, and data loss during model exchange (Alathamneh et 

al., 2024; Khosakitchalert et al., 2020). 

In projects with overlapping phases, cost information often exhibits varying levels of 

certainty. Some values remain as allowances, others are based on vendor quotations, while 

some have already become committed costs. If these values are presented without 

distinguishing their respective status, 5D BIM may produce misleading cost representations. 

Therefore, effective 5D cost control in complex projects requires the integration of model 

structures, schedules, procurement information, cost data, and decision-making processes 

(Hussain et al., 2024; Cassandro et al., 2025). 

The Role of BIM in EPCC Projects 

BIM serves as an integrated platform for information exchange across multiple disciplines. 

Its value extends beyond three-dimensional visualization to its ability to integrate both 
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product and process information. Research combining BIM with Lean Construction principles 

demonstrates that visualization, information flow, coordination, and variation reduction can 

collectively improve project performance (Sacks et al., 2010). 

Nevertheless, BIM implementation does not automatically guarantee project success. Its 

effectiveness may be constrained by organizational culture, unclear allocation of 

responsibilities, inadequate data standards, workforce readiness, and dependence on software 

platforms (Barlish & Sullivan, 2012; Miettinen & Paavola, 2014). Likewise, a highly detailed 

BIM model does not necessarily ensure accurate project information if the underlying data 

are not regularly updated. Therefore, in projects involving overlapping phases, the primary 

role of BIM is to capture, integrate, and communicate the impacts of project changes in a 

coordinated and timely manner. 

Methods  

This study employs a structured literature review methodology. The PRISMA 2020 guidelines 

were adopted as a general framework to enhance the transparency and traceability of the 

literature search and selection process. However, a meta-analysis was not conducted because 

the reviewed studies varied considerably in terms of research contexts, variables, and 

measurement indicators (Page et al., 2021). 

The literature search was conducted using academic databases and scientific journal 

repositories with the following keywords: "EPCC overlap," "EPC fast-track," "overlapping 

construction phases," "4D BIM scheduling," "4D BIM progress monitoring," "5D BIM cost," 

"BIM quantity take-off," "BIM interoperability," and "EPC procurement risk." The review 

primarily focused on journal articles addressing project phase overlap, schedule management, 

cost management, procurement, design changes, and BIM-based information management. 

The inclusion criteria comprised: (1) journal articles discussing fast-track project delivery or 

overlapping project phases; (2) studies on 4D BIM, scheduling, constructability, or progress 

monitoring; (3) studies on 5D BIM, quantity take-off, cost estimation, and cost control; and 

(4) studies addressing BIM interoperability and information quality. A total of 38 journal 

articles were selected as the primary references for this literature review. 

The analysis was conducted by organizing the findings into three major themes: (1) forms of 

overlapping phases in EPCC projects, (2) the impact of phase overlap on the accuracy of 4D 

BIM and 5D BIM, and (3) the role of BIM in managing schedule and cost changes. 

Subsequently, 35 key journal articles were synthesized and summarized in an expert opinion 

matrix to illustrate the relationship between each reference and the focus of this study. 

Results and Discussion 

Forms and Impacts of EPCC Phase Overlap 

The study results show that the impact of overlap varies by phase pair. Engineering–

procurement overlap primarily affects specifications, quantities, lead times, and purchase 

commitment amounts. Engineering–construction overlap affects work sequences, scope 

changes, productivity, and rework. Procurement–construction overlap affects material 

readiness, implementation methods, and activity sequencing. Construction–commissioning 

overlap affects system readiness, testing, documentation, and handover time. 

Table 1. Effect of EPCC phase overlap on time, cost, and the role of BIM 

Type of Overlap Primary Impact Role of BIM 4D Role of BIM 5D 

Engineering–

Procurement 

Changes in 

specifications, 

quantities, vendors, and 

Integrates 

procurement lead 

times and schedules 

Differentiates 

budgets, quotations, 
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procurement schedules 

may occur. 

with construction 

activities. 

commitments, and 

price changes. 

Engineering–

Construction 

Design changes may 

alter the work sequence 

and result in rework. 

Updates activities, 

dependencies, 

durations, and 

project milestones. 

Calculates changes 

in quantities, 

productivity, and 

rework costs. 

Procurement–

Construction 

Material delivery 

delays may postpone or 

alter the sequence of 

construction activities. 

Displays material 

constraints and 

alternative work 

sequences. 

Updates material, 

transportation, 

storage, and 

acceleration costs. 

Construction–

Commissioning 

Systems may not be 

ready for testing 

because construction 

work or documentation 

is incomplete. 

Displays system 

readiness, turnover 

status, and testing 

schedules. 

Calculates testing, 

vendor, utility, and 

additional work 

costs. 

The Impact of Overlapping Phases on 4D BIM Accuracy 

Overlapping project phases accelerate the occurrence of information changes because 

downstream activities proceed while upstream information is still evolving. In 4D BIM, 

design modifications may alter model objects, work packages, activity relationships, material 

requirements, and construction methods. If these changes are not incorporated promptly, the 

model will continue to display sequences and schedule dates based on outdated information. 

The primary impacts on 4D BIM accuracy include: (1) model objects being linked to incorrect 

activities; (2) predecessor–successor relationships no longer reflecting the actual construction 

sequence; (3) activity durations and schedule dates becoming inconsistent with the latest 

project conditions; (4) discrepancies between model progress and actual site progress; and (5) 

commissioning milestones failing to correspond with actual system readiness. Previous 

studies on the use of 4D BIM for coordination and progress monitoring indicate that the 

quality of project information depends heavily on maintaining up-to-date links between model 

objects and scheduling data (Koo & Fischer, 2000; Hartmann et al., 2008; Turkan et al., 2012; 

Doukari et al., 2022). 

The degree of accuracy deterioration depends on both the number of project changes and the 

delay in updating the BIM model. Well-managed project overlap does not necessarily lead to 

inaccurate 4D models. 4D BIM can continue to provide reliable project information provided 

that engineering revisions, procurement status, and construction progress are updated more 

rapidly than subsequent project changes occur. 

The Impact of Overlapping Phases on 5D BIM Accuracy 

Within 5D BIM, design changes may affect quantities, material types, technical 

specifications, unit prices, productivity assumptions, and contractual scope. Overlap between 

engineering and procurement may result in discrepancies between model-based costs and 

purchase orders because the model may still rely on preliminary allowances or initial pricing 

assumptions. Likewise, overlap between engineering and construction may generate rework 

costs that were not included in the original cost estimates. 

The primary impacts on 5D BIM accuracy include: (1) quantities remaining based on outdated 

models; (2) model items not being correctly linked to the appropriate cost codes; (3) unit 

prices failing to reflect the latest quotations or contract values; (4) committed costs not yet 

incorporated into the model; (5) variation orders and rework costs being excluded from cost 

calculations; and (6) the estimated final cost failing to account for schedule-related impacts. 

The 5D BIM literature consistently emphasizes the importance of integrating quantity take-
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off, work classification, scheduling, payment management, and cost control within a unified 

project information environment (Monteiro & Martins, 2013; Smith, 2014; Lu et al., 2016; 

Pishdad & Onungwa, 2024). Maintaining cost accuracy requires more than updating project 

geometry alone. Every design modification must also be translated into corresponding 

changes in cost items, procurement status, and cost forecasts. Therefore, 5D BIM should 

clearly distinguish between planned costs, committed costs, and actual expenditures. 

The Role of 4D BIM and 5D BIM 

4D BIM plays a critical role in visualizing the schedule implications of project changes. When 

design revisions occur or material deliveries are delayed, project teams can immediately 

identify affected activities, required sequence adjustments, and potential milestone shifts. 

Such visualization enables engineering, planning, procurement, construction, and 

commissioning teams to develop a shared understanding of the consequences of project 

changes. 

5D BIM, in contrast, illustrates the financial implications of project changes. Whenever model 

objects or technical specifications are modified, the project team can update quantity take-

offs, calculate cost increases or reductions, and revise project cost forecasts accordingly. 

Moreover, 5D BIM facilitates comparisons among budgeted costs, committed costs, actual 

expenditures, and estimated final costs. The combined application of 4D BIM and 5D BIM 

enables the integration of schedule and cost consequences within a single project information 

environment. Procurement delays, for example, influence not only the project schedule but 

also storage costs, acceleration measures, labor expenses, and cash flow. Conversely, cost-

related decisions may require modifications to construction methods and activity sequencing. 

The effectiveness of BIM depends on several key conditions: (1) the model is updated 

regularly; (2) information status and revisions are clearly documented; (3) model objects are 

correctly linked to both project activities and cost items; (4) procurement and field progress 

data are continuously integrated; and (5) all project stakeholders utilize the same information 

source. These principles are consistent with the literature that conceptualizes BIM as an 

integrated information management process rather than merely a three-dimensional modeling 

software (Succar, 2009; Miettinen & Paavola, 2014; Noardo et al., 2021). 

Expert Opinions and Findings from Previous Studies 

To strengthen the theoretical foundation of this study, Table 2 summarizes the perspectives 

and findings reported in 35 peer-reviewed journal articles. The synthesis illustrates the 

evolution of scholarly understanding regarding the risks associated with overlapping or fast-

track project delivery, the accuracy of 4D BIM, the accuracy of 5D BIM, and the role of BIM 

in integrating schedule and cost information. 

Table 2. Expert Opinions and Previous Research Findings on EPCC Phase Overlap, 4D 

BIM, and 5D BIM (35 Journal Sources) 

No. Expert/Researcher Main Argument or Findings Relevance to the Study 

1 
Peña-Mora & Li 

(2001) 

Fast-track project planning and 

control should be managed 

dynamically because design 

and construction activities 

continuously influence each 

other during project execution. 

Explains that overlapping 

phases require more 

frequent schedule updates 

and coordination. 

2 
Peña-Mora & Park 

(2001) 

Fast-tracking can accelerate 

project delivery but increases 

uncertainty in activity 

relationships as well as the 

Provides the basis for the 

relationship between 

phase overlap, changes in 
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likelihood of changes and 

rework. 

work sequences, and 

schedule accuracy. 

3 
Garrido Martins et 

al. (2023) 

Construction risk varies 

according to the degree of 

overlapping activities; design, 

coordination, change, and 

rework risks become major 

concerns. 

Supports the argument 

that overlap intensity 

affects the reliability of 

project information. 

4 
Wang & Wang 

(2022) 

Procurement risks in EPC 

projects may propagate to other 

activities, ultimately affecting 

project cost and schedule. 

Explains the impact of 

engineering–procurement 

and procurement–

construction overlaps. 

5 Azhar (2011) 

BIM provides benefits in 

visualization, coordination, 

estimation, and scheduling, 

although its implementation is 

constrained by interoperability, 

process, and competency 

issues. 

Confirms that BIM 

supports project control, 

but its accuracy depends 

on implementation 

quality. 

6 
Barlish & Sullivan 

(2012) 

The benefits of BIM vary 

across projects and should be 

evaluated using measurable 

performance indicators rather 

than user perceptions alone. 

Supports the use of time 

and cost accuracy as 

indicators for evaluating 

BIM performance. 

7 Bryde et al. (2013) 

BIM implementation provides 

significant benefits in cost, 

time, communication, and 

project coordination, although 

these benefits vary across 

projects. 

Reinforces the role of 

BIM as a coordination 

tool for time and cost 

management in EPCC 

projects. 

8 Cao et al. (2015) 

BIM effectiveness depends on 

the depth of implementation, 

organizational support, team 

capability, and project process 

integration. 

Explains that software 

alone is insufficient to 

maintain BIM accuracy. 

9 Succar (2009) 

BIM is a combination of 

technology, processes, and 

policies involving multiple 

stakeholders. 

Establishes that BIM in 

EPCC projects should be 

understood as an 

information management 

system. 

10 
Miettinen & Paavola 

(2014) 

Successful BIM 

implementation requires 

changes in work practices and 

organizational collaboration; 

benefits do not arise 

automatically from simply 

using a model. 

Supports the need for 

cross-phase coordination 

during overlapping 

activities. 

11 
Koo & Fischer 

(2000) 

4D models are effective for 

understanding construction 

sequences and identifying 

scheduling issues that are 

Explains the fundamental 

role of BIM 4D in 

evaluating the impact of 
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difficult to detect using 

conventional schedules. 

overlaps on project 

schedules. 

12 
Heesom & 

Mahdjoubi (2004) 

4D CAD supports construction 

planning and communication, 

but its implementation depends 

on standardization, data 

integration, and modeling 

processes. 

Demonstrates that data 

connectivity determines 

the reliability of time-

related models. 

13 
Staub-French & 

Khanzode (2007) 

3D and 4D models improve 

design–construction 

coordination when model 

content, responsibilities, and 

collaborative processes are 

clearly defined. 

Relevant to engineering–

construction overlaps 

involving frequent design 

changes. 

14 
Hartmann et al. 

(2008) 

The use of 3D and 4D models 

should be aligned with project 

tasks and decision-making 

requirements. 

Supports the targeted use 

of BIM 4D for work 

sequence and 

constructability analysis. 

15 
Gledson & 

Greenwood (2016) 

BIM 4D is widely used for 

visualization, planning, 

communication, and 

coordination, although actual 

adoption varies across 

organizations. 

Explains both the benefits 

and limitations of BIM 

4D implementation in 

practice. 

16 
Gledson & 

Greenwood (2017) 

BIM 4D adoption is influenced 

by perceived benefits, 

compatibility with work 

processes, complexity, and 

organizational capability. 

Indicates that BIM 

performance in 

overlapping projects 

depends on organizational 

readiness. 

17 Doukari et al. (2022) 

Developing 4D schedules 

requires an appropriate level of 

model and schedule detail, 

clearly defined parameters, 

assigned responsibilities, and 

BIM Execution Plan 

guidelines. 

Provides the basis for 

indicators of object–

activity–schedule 

accuracy. 

18 Rehman et al. (2025) 

A systematic review identified 

visualization, communication, 

scheduling, coordination, and 

progress monitoring as the 

primary benefits of BIM 4D. 

Summarizes the BIM 4D 

functions discussed in this 

study. 

19 Turkan et al. (2012) 

Integrating 4D schedules with 

3D scanning technology 

enables automated comparisons 

between planned and actual 

project conditions. 

Supports the use of BIM 

4D to measure progress 

accuracy during 

overlapping phases. 

20 Kim et al. (2013) 

Automated progress 

measurement can be achieved 

by integrating BIM 4D with 

three-dimensional field data. 

Explains BIM's role in 

objectively updating 

construction progress. 
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21 
Zhang & Arditi 

(2013) 

Laser scanning can support 

automated progress control, but 

its accuracy depends on data 

acquisition and processing 

quality. 

Reinforces that reliable 

field data are essential for 

maintaining BIM 

schedule accuracy. 

22 Boton (2018) 

Virtual reality–based BIM 4D 

simulations support 

constructability discussions and 

shared understanding of 

construction sequences. 

Explains the role of BIM 

4D in preventing 

sequencing conflicts 

caused by overlapping 

phases. 

23 
Monteiro & Martins 

(2013) 

The reliability of BIM-based 

quantity take-off depends 

heavily on modeling guidelines 

and the way model elements 

are created and classified. 

Establishes that BIM 5D 

accuracy begins with 

model quality and 

quantity measurement 

standards. 

24 Smith (2014) 

BIM 5D transforms cost 

management through the 

integration of models, 

quantities, and cost 

information, but requires new 

standards and competencies. 

Explains the role of BIM 

5D in updating project 

costs resulting from 

overlapping changes. 

25 Lu et al. (2016) 

Integrating quantities, 

schedules, lead times, and 

payment terms within BIM 5D 

supports cash flow analysis and 

financial decision-making. 

Demonstrates the direct 

relationship between 

schedule changes and cost 

changes. 

26 
Vigneault et al. 

(2020) 

A systematic review identified 

various BIM 5D solutions for 

cost management, although 

process fragmentation and 

interoperability issues remain. 

Supports the discussion of 

cost data synchronization 

risks in EPCC projects. 

27 
Pishdad & Onungwa 

(2024) 

BIM 5D requires standardized 

coding and integration of 

estimating, cost control, 

progress monitoring, and 

payment throughout the project 

lifecycle. 

Provides the basis for 

linking model objects, 

WBS, and cost codes. 

28 
Alathamneh et al. 

(2024) 

BIM-based quantity take-off 

still faces challenges related to 

software limitations, user 

skills, modeling 

standardization, and data loss 

across platforms. 

Explains potential sources 

of quantity errors in BIM 

5D. 

29 Hussain et al. (2024) 

BIM 5D requires governance 

frameworks and clearly defined 

responsibilities to effectively 

control cost overruns in 

complex projects. 

Reinforces that cost 

updates and validation 

require assigned 

accountability. 

30 
Khosakitchalert et al. 

(2020) 

The development of BIM-

based quantity take-off 

demonstrates that calculation 

Supports quantity 

accuracy indicators in 

BIM 5D. 
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results depend on model detail 

and quantity extraction rules. 

31 
Laakso & Kiviniemi 

(2012) 

IFC was developed to facilitate 

BIM information exchange, 

although its standardization 

and implementation continue to 

evolve. 

Explains the importance 

of data exchange formats 

in maintaining 

consistency among 

models, schedules, and 

cost information. 

32 Pauwels et al. (2017) 

Semantic web technologies 

have the potential to improve 

AEC data integration but 

require consistent semantic 

definitions and information 

structures. 

Supports the need for 

consistent coding and 

shared data semantics 

across EPCC processes. 

33 Noardo et al. (2021) 

Software testing reveals 

differences in IFC support for 

geometry, semantics, and 

functions across different 

platforms. 

Explains the risk of data 

modification or loss when 

transferring BIM models 

between software 

platforms. 

34 Sacks et al. (2010) 

Integrating BIM with Lean 

principles enhances 

information flow, coordination, 

process visualization, and 

waste reduction. 

Supports the role of BIM 

in reducing rework and 

improving workflow 

management during 

overlapping phases. 

35 Zhao (2017) 

A scientometric review shows 

that BIM research has rapidly 

evolved, with adoption, 

collaboration, interoperability, 

and project management as 

major research themes. 

Demonstrates that 

organizational factors and 

data integration are 

essential aspects of BIM 

research. 

Conclusion  

Overlapping phases in EPCC projects are implemented to accelerate project delivery by 

allowing multiple project phases to proceed simultaneously. However, this overlap may result 

in changes to design, specifications, materials, work sequences, schedules, and costs after 

subsequent phases have already commenced. The impact of overlapping phases on 4D BIM 

is reflected in changes to object–activity relationships, construction sequences, activity 

dependencies, durations, project progress, and completion schedules. Its impact on 5D BIM 

is evident through changes in quantities, unit prices, committed costs, rework expenses, scope 

modifications, and estimated final costs. The accuracy of both 4D BIM and 5D BIM decreases 

when these project changes are not incorporated into the model in a timely manner. 

4D BIM assists project teams in visualizing the schedule implications of project changes, 

while 5D BIM supports the evaluation of their cost consequences. The integration of these 

two BIM dimensions enables EPCC teams to better understand the interrelationships among 

engineering decisions, procurement activities, construction execution, and commissioning. 

Although BIM cannot eliminate the risks associated with overlapping project phases, it 

provides a platform for identifying, visualizing, and managing those risks more effectively. 

The accuracy of BIM can be maintained through regular model updates, clear revision status 

management, proper integration of model objects with schedules and cost information, 

incorporation of procurement status and site progress data, and continuous coordination 

across all project phases. 
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Limitations and Suggestions 

As this study is based on a literature review, it does not quantitatively measure the statistical 

impact of overlapping phases. Furthermore, the reviewed articles differ in terms of project 

types, research indicators, and methodological approaches. Therefore, future research is 

recommended to utilize data from actual EPCC projects to quantitatively evaluate the degree 

of phase overlap, the number of project changes, model update frequency, schedule forecast 

errors, quantity variations, and deviations in estimated final costs. Case studies involving 

industrial, energy, or infrastructure projects are also needed to empirically validate the 

relationships discussed in this study. 

Acknowledgment 

We would like to express our deepest gratitude to all parties who contributed to this research. 

We would like to thank our colleagues who provided advice, support, and inspiration 

throughout the research process. We would also like to thank all participants and respondents 

who took the time to participate in this research. We would also like to thank the institutions 

that provided support and facilities for conducting this research. All contributions and 

assistance were invaluable to the smooth running and success of this research. Thank you for 

all your hard work and collaboration. 

References 

Alathamneh, S., Collins, W., & Azhar, S. (2024). BIM-based quantity takeoff: Current state 

and future opportunities. Automation in Construction, 165, 105549. 

https://doi.org/10.1016/j.autcon.2024.105549  

Arifuddin, R., & Abdurrahman, M. A. (2026). Analysis of the Delay Risk of the Engineering, 

Procurement, Construction, and Commissioning (EPCC) Phases in Oil and Gas 

Industry Projects. Engineering, Technology & Applied Science Research, 16(1), 

32015-32023. https://doi.org/10.48084/etasr.13969 

Azhar, S. (2011). Building information modeling (BIM): Trends, benefits, risks, and 

challenges for the AEC industry. Leadership and Management in Engineering, 

11(3), 241–252. https://doi.org/10.1061/(ASCE)LM.1943-5630.0000127  

Barlish, K., & Sullivan, K. (2012). How to measure the benefits of BIM—A case study 

approach. Automation in Construction, 24, 149–159. 

https://doi.org/10.1016/j.autcon.2012.02.008  

Boton, C. (2018). Supporting constructability analysis meetings with immersive virtual 

reality-based collaborative BIM 4D simulation. Automation in Construction, 96, 1–

15. https://doi.org/10.1016/j.autcon.2018.08.020  

Bryde, D., Broquetas, M., & Volm, J. M. (2013). The project benefits of building information 

modelling (BIM). International Journal of Project Management, 31(7), 971–980. 

https://doi.org/10.1016/j.ijproman.2012.12.001  

Cao, D., Wang, G., Li, H., Skitmore, M., Huang, T., & Zhang, W. (2015). Practices and 

effectiveness of building information modelling in construction projects in China. 

Automation in Construction, 49, 113–122. 

https://doi.org/10.1016/j.autcon.2014.10.014  

Cassandro, J., Mirarchi, C., & Pavan, A. (2025). A comprehensive literature review of 5D 

building information modelling using latent Dirichlet allocation analysis. 

Construction Innovation. https://doi.org/10.1108/CI-07-2024-0209   

https://doi.org/10.1016/j.autcon.2024.105549
https://doi.org/10.48084/etasr.13969
https://doi.org/10.1061/(ASCE)LM.1943-5630.0000127
https://doi.org/10.1016/j.autcon.2012.02.008
https://doi.org/10.1016/j.autcon.2018.08.020
https://doi.org/10.1016/j.ijproman.2012.12.001
https://doi.org/10.1016/j.autcon.2014.10.014
https://doi.org/10.1108/CI-07-2024-0209


1028 

ISSN: 2716-3865 (Print), 2721-1290 (Online) 

Copyright © 2026, Journal La Multiapp, Under the license CC BY-SA 4.0 

Doukari, O., Seck, B., & Greenwood, D. (2022). The creation of construction schedules in 4D 

BIM: A comparison of conventional and automated approaches. Buildings, 12(8), 

1145. https://doi.org/10.3390/buildings12081145  

Garrido Martins, C., Bogus, S. M., & Valentin, V. (2023). Perceptions of construction risks 

due to fast-track activity overlapping. Eng, 4(4), 2879–2895. 

https://doi.org/10.3390/eng4040162  

Gledson, B. J., & Greenwood, D. J. (2016). Surveying the extent and use of 4D BIM in the 

UK. Journal of Information Technology in Construction, 21, 57–71. 

Gledson, B. J., & Greenwood, D. J. (2017). The adoption of 4D BIM in the UK construction 

industry: An innovation diffusion approach. Engineering, Construction and 

Architectural Management, 24(6), 950–967. https://doi.org/10.1108/ECAM-03-

2016-0066  

Hartmann, T., Gao, J., & Fischer, M. (2008). Areas of application for 3D and 4D models on 

construction projects. Journal of Construction Engineering and Management, 

134(10), 776–785. https://doi.org/10.1061/(ASCE)0733-9364(2008)134:10(776)  

Heesom, D., & Mahdjoubi, L. (2004). Trends of 4D CAD applications for construction 

planning. Construction Management and Economics, 22(2), 171–182. 

https://doi.org/10.1080/0144619042000201376  

Hussain, O. A. I., Moehler, R. C., Walsh, S. D. C., & Ahiaga-Dagbui, D. D. (2024). 

Minimizing cost overrun in rail projects through 5D-BIM: A conceptual governance 

framework. Buildings, 14(2), 478. https://doi.org/10.3390/buildings14020478  

Jaafar, Z., & Zainuddin, M. I. (2020, November). Successful Project Delivery Through 

Effective and Well–Timed Operation and Maintenance Involvement During Project 

Life–cycle. In Abu Dhabi International Petroleum Exhibition and Conference (p. 

D031S096R003). SPE. https://doi.org/10.2118/203124-MS 

Khosakitchalert, C., Yabuki, N., & Fukuda, T. (2020). Development of BIM-based quantity 

takeoff for light-gauge steel wall framing systems. Journal of Information 

Technology in Construction, 25, 522–544. https://doi.org/10.36680/j.itcon.2020.030  

Kim, C., Son, H., & Kim, C. (2013). Automated construction progress measurement using a 

4D building information model and 3D data. Automation in construction, 31, 75-82. 

https://doi.org/10.1016/j.autcon.2012.11.041  

Koo, B., & Fischer, M. (2000). Feasibility study of 4D CAD in commercial construction. 

Journal of Construction Engineering and Management, 126(4), 251–260. 

https://doi.org/10.1061/(ASCE)0733-9364(2000)126:4(251)  

Laakso, M., & Kiviniemi, A. (2012). The IFC standard—A review of history, development, 

and standardization. Journal of Information Technology in Construction, 17, 134–

161. 

Lu, Q., Won, J., & Cheng, J. C. P. (2016). A financial decision making framework for 

construction projects based on 5D Building Information Modeling (BIM). 

International Journal of Project Management, 34(1), 3–21. 

https://doi.org/10.1016/j.ijproman.2015.09.004  

Miettinen, R., & Paavola, S. (2014). Beyond the BIM utopia: Approaches to the development 

and implementation of building information modeling. Automation in Construction, 

43, 84–91. https://doi.org/10.1016/j.autcon.2014.03.009  

https://doi.org/10.3390/buildings12081145
https://doi.org/10.3390/eng4040162
https://doi.org/10.1108/ECAM-03-2016-0066
https://doi.org/10.1108/ECAM-03-2016-0066
https://doi.org/10.1061/(ASCE)0733-9364(2008)134:10(776)
https://doi.org/10.1080/0144619042000201376
https://doi.org/10.3390/buildings14020478
https://doi.org/10.2118/203124-MS
https://doi.org/10.36680/j.itcon.2020.030
https://doi.org/10.1016/j.autcon.2012.11.041
https://doi.org/10.1061/(ASCE)0733-9364(2000)126:4(251)
https://doi.org/10.1016/j.ijproman.2015.09.004
https://doi.org/10.1016/j.autcon.2014.03.009


1029 

ISSN: 2716-3865 (Print), 2721-1290 (Online) 

Copyright © 2026, Journal La Multiapp, Under the license CC BY-SA 4.0 

Monteiro, A., & Martins, J. P. (2013). A survey on modeling guidelines for quantity takeoff-

oriented BIM-based design. Automation in Construction, 35, 238–253. 

https://doi.org/10.1016/j.autcon.2013.05.005  

Noardo, F., Krijnen, T., Arroyo Ohori, K., Biljecki, F., Ellul, C., Harrie, L., Eriksson, H., 

Polia, L., Salheb, N., Tauscher, H., van Liempt, J., Goerne, H., Hintz, D., Kaiser, T., 

Leoni, C., Warchol, A., & Stoter, J. (2021). Reference study of IFC software support: 

The GeoBIM benchmark 2019—Part I. Transactions in GIS, 25(2), 805–841. 

https://doi.org/10.1111/tgis.12709  

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., et 

al. (2021). The PRISMA 2020 statement: An updated guideline for reporting 

systematic reviews. BMJ, 372, n71. https://doi.org/10.1136/bmj.n71  

Pauwels, P., Zhang, S., & Lee, Y.-C. (2017). Semantic web technologies in AEC industry: A 

literature overview. Automation in Construction, 73, 145–165. 

https://doi.org/10.1016/j.autcon.2016.10.003  

Peña-Mora, F., & Li, M. (2001). Dynamic planning and control methodology for design/build 

fast-track construction projects. Journal of Construction Engineering and 

Management, 127(1), 1–17. https://doi.org/10.1061/(ASCE)0733-

9364(2001)127:1(1)  

Peña-Mora, F., & Park, M. (2001). Dynamic planning for fast-tracking building construction 

projects. Journal of Construction Engineering and Management, 127(6), 445–456. 

https://doi.org/10.1061/(ASCE)0733-9364(2001)127:6(445)  

Pishdad, P., & Onungwa, I. O. (2024). Analysis of 5D BIM for cost estimation, cost control 

and payments. Journal of Information Technology in Construction, 29, 525–548. 

https://doi.org/10.36680/j.itcon.2024.024  

Prasetya, R. B. (2026). Risk Management in Engineering, Procurement, and Construction 

(EPC) Projects for Green Ammonia Using Renewable Energy. IPTEK The Journal 

for Technology and Science, 37(1), 68-91. 

https://doi.org/10.12962/j20882033.v37i1.9261 

Rehman, I. U., Mazher, K. M., & Wuni, I. Y. (2025). Systematic review of 4D BIM benefits 

in construction projects. Results in Engineering, 28, 107091. 

https://doi.org/10.1016/j.rineng.2025.107091  

Sacks, R., Koskela, L., Dave, B. A., & Owen, R. (2010). Interaction of lean and building 

information modeling in construction. Journal of Construction Engineering and 

Management, 136(9), 968–980. https://doi.org/10.1061/(ASCE)CO.1943-

7862.0000203  

Smith, P. (2014). BIM & the 5D project cost manager. Procedia - Social and Behavioral 

Sciences, 119, 475–484. https://doi.org/10.1016/j.sbspro.2014.03.053  

Staub-French, S., & Khanzode, A. (2007). 3D and 4D modeling for design and construction 

coordination: Issues and lessons learned. Journal of Information Technology in 

Construction, 12, 381–407. 

Succar, B. (2009). Building information modelling framework: A research and delivery 

foundation for industry stakeholders. Automation in Construction, 18(3), 357–375. 

https://doi.org/10.1016/j.autcon.2008.10.003  

Turkan, Y., Bosché, F., Haas, C. T., & Haas, R. (2012). Automated progress tracking using 

4D schedule and 3D sensing technologies. Automation in Construction, 22, 414–421. 

https://doi.org/10.1016/j.autcon.2011.10.003  

https://doi.org/10.1016/j.autcon.2013.05.005
https://doi.org/10.1111/tgis.12709
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.autcon.2016.10.003
https://doi.org/10.1061/(ASCE)0733-9364(2001)127:1(1)
https://doi.org/10.1061/(ASCE)0733-9364(2001)127:1(1)
https://doi.org/10.1061/(ASCE)0733-9364(2001)127:6(445)
https://doi.org/10.36680/j.itcon.2024.024
https://doi.org/10.12962/j20882033.v37i1.9261
https://doi.org/10.1016/j.rineng.2025.107091
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000203
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000203
https://doi.org/10.1016/j.sbspro.2014.03.053
https://doi.org/10.1016/j.autcon.2008.10.003
https://doi.org/10.1016/j.autcon.2011.10.003


1030 

ISSN: 2716-3865 (Print), 2721-1290 (Online) 

Copyright © 2026, Journal La Multiapp, Under the license CC BY-SA 4.0 

Vigneault, M. A., Boton, C., Chong, H.-Y., & Cooper-Cooke, B. (2020). An innovative 

framework of 5D BIM solutions for construction cost management: A systematic 

review. Archives of Computational Methods in Engineering, 27(4), 1013–1030. 

https://doi.org/10.1007/s11831-019-09341-z  

Volk, R., Stengel, J., & Schultmann, F. (2014). Building Information Modeling (BIM) for 

existing buildings—Literature review and future needs. Automation in Construction, 

38, 109–127. https://doi.org/10.1016/j.autcon.2013.10.023  

Wang, Q., & Wang, J. (2022). Research on key risk factors and risk transmission path of 

procurement in international engineering procurement construction project. 

Buildings, 12(5), 534. https://doi.org/10.3390/buildings12050534   

Zhang, C., & Arditi, D. (2013). Automated progress control using laser scanning technology. 

Automation in Construction, 36, 108–116. 

https://doi.org/10.1016/j.autcon.2013.08.012  

Zhao, X. (2017). A scientometric review of global BIM research: Analysis and visualization. 

Automation in Construction, 80, 37–47. 

https://doi.org/10.1016/j.autcon.2017.04.002  

 

   

 

 

https://doi.org/10.1007/s11831-019-09341-z
https://doi.org/10.1016/j.autcon.2013.10.023
https://doi.org/10.3390/buildings12050534
https://doi.org/10.1016/j.autcon.2013.08.012
https://doi.org/10.1016/j.autcon.2017.04.002

