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Introduction
As one of the areas where technological transformations are most 
intense, the construction sector is witnessing important innovations 
with the digitalization process. In this context, BIM (Building 
Information Modeling) technology enables more efficient 
management of processes by ensuring information integrity in 
project design, planning and implementation stages. BIM, along 
with three-dimensional modeling of the structure; It can integrate 
detailed data, cost information and maintenance plans regarding 
building elements, thus creating a transparent and coordinated 
communication environment between project stakeholders.

On the other hand, ERP (Enterprise Resource Planning) systems 
aim to increase corporate efficiency by integrating businesses’ 
basic processes, such as financial management, supply chain 
management, stock control, and human resources. The real-
time data flow and reporting opportunities offered by ERP 
systems are critical in the financial management of construction 
projects. However, the dynamic and multidisciplinary structure 
of construction projects cannot be adequately controlled with 
traditional cost management approaches provided only by ERP 
systems.

At this point, integrating BIM and ERP systems offers a 
revolutionary transformation in the cost management of 

construction projects. Synchronizing BIM-based data and ERP’s 
financial and operational records allows project cost deviations 
to be detected early and expenses to be optimized. In addition, 
thanks to this integration, stakeholders from different disciplines 
such as architects, engineers and finance experts can work on a 
common data infrastructure, minimizing information duplication 
and margin of error.

Studies in the literature show that BIM increases the efficiency 
of construction projects and ERP contributes to cost control 
processes. However, there are limited academic studies on ensuring 
data integration between the two systems and comprehensively 
analyzing the effects of this integration on cost management. 
This study aims to reveal the contributions of integrating BIM 
and ERP systems to cost management processes in construction 
projects, and to lay the groundwork for developing new sector-
specific approaches by supporting it with application examples 
and case studies.

This research will evaluate the potential BIM and ERP integration 
offers in the context of cost control processes, minimizing project 
risks, and optimizing resource management. Thus, it will aim to 
make a scientific contribution to the financial and operational 
dimensions of digital transformation in the construction industry.

In recent years, the construction industry has been experiencing 
significant transformations in efficiency, transparency, and cost 
control, along with digitalization and technological integration 
innovations. At the center of this transformation is the integration 
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ABSTRACT
This study comprehensively examines the integration of BIM (Building Information Modeling) and ERP (Enterprise Resource Planning) systems, which 
aim to holistically carry out cost management and resource planning in construction projects. While BIM-based models present detailed geometric and 
parameter data of building elements, ERP systems effectively manage corporate functions such as accounting, supply chain and stock management. Data 
exchange between the two systems increases accuracy and transparency in project planning, allowing early detection of cost deviations. In addition, 
communication between stakeholders from different disciplines (architects, engineers, finance experts, etc.) over a common database increases data 
consistency and reliability of reporting.

The research discusses the effects of BIM-ERP integration on cost management with a case study method, through three different construction project 
examples: Horizon Towers Integrated Complex, Green City Urban Renewal Project and Skyline Infrastructure Development. The methodology used 
included technical performance of inter-system integration modules, cost variances, time management and qualitative data analysis; Thus, the financial 
and operational benefits of digitalization in the construction industry have been comprehensively evaluated. The study’s findings reveal that, beyond 
traditional methods, digital integration is a critical element that increases efficiency in construction projects, making significant contributions to accelerating 
decision-making processes and optimizing resource use.
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of BIM (Building Information Modeling) technology, which 
models all processes from building design to construction in a 
digital environment, and ERP (Enterprise Resource Planning) 
systems, which play a critical role in businesses’ resource and cost 
management. Beyond creating three-dimensional digital models 
of structures, BIM facilitates information sharing among project 
stakeholders by providing comprehensive data sets, including 
parameters such as materials, time, cost, and maintenance, while 
ERP systems provide real-time control of financial data, supply 
chain information, and stock management [1,2].

While cost management in traditional construction projects was 
generally based on static data entry and reporting processes, it 
was difficult to reflect the changes during the project instantly. 
In this context, BIM-based approaches have pioneered the digital 
transformation of project management processes by collecting 
detailed features of building elements and all design data about 
the project in a central database [3]. However, the integrated 
financial data flow provided by ERP systems offers significant 
advantages in resource allocation and cash flow management in 
construction projects, with the potential to optimize cost control 
and budget management processes [4].

Integration of BIM and ERP systems increases efficiency in 
areas such as risk analysis, resource planning, time management, 
and cost management in construction projects. For example, 
building elements in three-dimensional models created on BIM 
is synchronized with ERP systems, allowing data such as material 
supply, labor costs, and budget items to be updated in real-time. 
Thus, project managers can quickly detect possible cost deviations 
and unplanned expenses in advance and make the necessary 
interventions [5].

Especially in large-scale construction projects, the impact of 
changes made during the design phase on cost and resource 
planning can cause the project budget and final cost to deviate 
significantly. In this case, integrating BIM and ERP systems makes 
it possible for changes to be instantly reflected in the ERP system 
and cost calculations to be made based on current data. Thus, it 
aims to prevent financial uncertainties that may occur during the 
project and post-project periods [2].

In the literature, the advantages of BIM and ERP integration to 
the construction industry have been discussed in various studies. 
For example, stated that the transparency and coordination 
provided by BIM technology in project management directly 
contribute to minimizing project costs [1]. Similarly, in studies 
conducted by it was emphasized that project costs can be estimated 
more accurately and financial reporting can be improved due to 
integrating BIM data with ERP systems. Additionally, revealed 
that integration increases efficiency in supply chain management 
and inventory control processes [3,4].

However, the feasibility of BIM-ERP integration and the technical 
and organizational difficulties encountered during the integration 
process are also widely covered in the literature. For example, issues 
such as data compatibility, software integration, setting standards, 
and establishing effective communication between stakeholders 
are among the critical elements for successfully managing the 
integration process [5]. In order to overcome these difficulties, 
it is necessary to strengthen the technological infrastructure and 
restructure internal processes. Thus, the integration process should 
be considered as a technical implementation and an organizational 
transformation process.

This study aims to comprehensively address the effects of 
integrating BIM and ERP systems on cost management in 
construction projects. The research will examine the basic features 
and functions of BIM and ERP systems and how the data flow 
between these systems is ensured. Then, the contributions of 
integration to construction projects’ planning, budgeting and 
cost control processes will be discussed through case studies and 
applied examples. Thus, the advantages of integration, possible 
implementation difficulties and how these difficulties can be 
overcome will be evaluated within a scientific framework.

In addition, within the scope of this study, it is predicted that 
BIM-ERP integration will accelerate digital transformation in 
the construction industry and allow project costs to be controlled 
more effectively. Thus, it aims to minimize cost deviations and 
make project processes more transparent and manageable. In this 
context, examining integration comparatively with the results 
obtained by traditional methods will provide unique contributions 
to the literature.

As a result, integrating BIM and ERP systems brings an innovative 
approach to cost management and resource planning processes 
in the construction industry. It is an important tool that increases 
project performance, reduces risks, and optimizes efficiency. In this 
study, the technical details of the integration process, application 
examples, and difficulties encountered will be discussed in 
detail, and the opportunities and advantages brought by digital 
transformation in construction projects will be comprehensively 
presented.

Methodology
The main purpose of this study is to comprehensively reveal the 
effects of integrating BIM (Building Information Modeling) and 
ERP (Enterprise Resource Planning) systems on cost management 
in construction projects. A mixed-methods approach was adopted; 
Quantitative data and qualitative observations were collected and 
analyzed simultaneously. Below, detailed information about the 
research design, sample, data collection and analysis processes, 
software and hardware infrastructure used and the projects are 
presented.

Research Design and Sampling
The research was conducted using the case study method on three 
large-scale construction projects that actively implemented BIM 
and ERP integration. Selected projects: They differ in terms of 
technological infrastructure, project scale, implementation process, 
and leading positions in the sector, and the selection criteria of 
the projects are determined as follows:

a)	 Implementation of BIM-based 3D modeling and data 
integration,

b)	 Ensuring real-time cost and resource management through 
the ERP system,

c)	 The integration process has been completed.

Projects
Horizon Towers Integrated Complex: Horizon Towers, a 45-storey 
mixed-use project in Istanbul, combines luxury residences, offices, 
and commercial spaces. The project created BIM models based on 
Autodesk Revit and Navisworks. Thanks to API-based modules 
integrated with the SAP ERP system, building elements, material 
supply processes, and labor costs were monitored in real time.
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Green City Urban Renewal Project: This urban transformation 
project implemented in Ankara aims to transform existing 
buildings into modern, environmentally friendly living spaces. In 
the project, digital twins of existing buildings were created using 
Autodesk Revit, and by integrating with the Oracle E-Business 
Suite ERP system, cost, workforce distribution and environmental 
sustainability data regarding the renovation process were analyzed 
in detail.

Skyline Infrastructure Development: This infrastructure and 
transportation project around Izmir supports regional development 
by constructing new roads, bridges and transportation networks. In 
the project, all infrastructure elements were modeled in 3D with 
BIM technology; Cost, resource and supply chain management was 
provided through SAP ERP or Oracle-based ERP systems. With 
the developed integration modules, the data obtained from BIM 
was automatically transferred to the ERP system and the project 
timeline and cost performance were monitored simultaneously.

Software, Hardware and Integration Tools Used
The research used Autodesk Revit and Navisworks to create 
BIM models; SAP ERP and Oracle E-Business Suite are used in 
ERP applications. Specially developed API integration modules 
were preferred to ensure data flow between these systems. These 
modules ensure data compatibility and synchronization continuity 
by automatically transferring the properties of building elements, 
material lists, assembly sequences, and timelines in BIM models 
to the ERP system. The hardware infrastructure is supported by 
high-performance servers, large-capacity data storage solutions, 
and backup systems, ensuring uninterrupted operation of the 
integration process.

Data Collection Process
The data collection process was carried out under two main 
categories:
a) Primary Data Collection
•	 Semi-Structured Interviews: In semi-structured interviews 

with project managers, cost control experts, BIM coordinators 
and ERP managers, the technical feasibility of the integration 
process, the difficulties encountered and the benefits obtained 
were discussed in detail [3,5].

•	 Observational Studies: Field observations were made at 
the project site to monitor integration practices and evaluate 
the process’s dynamics. These observations played a critical 
role in determining the practical interaction of systems and 
the real-time effects of integration.

b) Secondary Data Collection
•	 System Records and Reports: Data were obtained 

automatically from BIM and ERP systems. Project costs, 
material consumption, labor expenses, supply chain 
performance, and schedule reports were collected periodically. 
These data are organized so that pre- and post-integration 
situations are subject to comparative analysis.

•	 Documentation and Reports: We examined in detail cost 
reports, budget updates, and resource usage tables for the 
project initiation, implementation phase, and project closing 
periods.

Data Analysis Methods
The collected data was evaluated using quantitative and qualitative 
analysis methods:
•	 Correlation and Regression Analyzes: In order to measure 

the effects of integration on project costs, the relationships 
between pre- and post-integration cost deviations, supply 

chain performance and schedule deviations were statistically 
analyzed. After testing the suitability of the data for normal 
distribution, correlation and regression analyzes were 
performed [1].

•	 Content Analysis: Qualitative data obtained from the 
interviews were coded with the thematic content analysis 
method; Important themes and patterns regarding the 
integration process have been identified. This method was 
used to reveal the organizational, technical and financial 
dimensions of integration.

•	 Case Analysis: The integration process of each project was 
examined within the scope of detailed case analysis. The 
implementation steps of BIM and ERP integration of the 
projects, data transfer between systems, cost reporting and 
time management performance are presented comparatively.

Evaluation of the Integration Process
The integration process between BIM and ERP systems has been 
evaluated in detail with the following steps:
Through the developed API modules, data transfer speed from 
BIM to ERP, data integrity and synchronization quality were 
measured both in the laboratory environment and field tests. 
These tests were carried out to determine the integration process’s 
technical performance and error rate.

Deviations between pre- and post-integration project costs were 
analyzed based on supply chain data, material consumption, and 
labor costs. The effectiveness of the integration in cost control was 
evaluated using statistical methods such as t-tests and analysis of 
variance (ANOVA).

The time savings provided by integration in the project planning 
and implementation phases were examined by comparing BIM 
model updates and schedule reports received through ERP.

Findings 
The research results revealed the effects of BIM and ERP 
integration in three construction projects (Horizon Towers 
Integrated Complex, Green City Urban Renewal Project, and 
Skyline Infrastructure Development) on cost management and 
project scheduling within quantitative and qualitative analyses. 
The findings can be summarized as the integration’s technical 
performance, reduction in cost deviations, improvement in time 
management, and positive changes in stakeholder perception.

System Integration and Technical Performance
Performance tests of API integration modules developed within the 
scope of the laboratory environment and field tests have shown that 
the data transfer rate from BIM models to ERP systems is achieved 
with an average of 98% data integrity. In the Horizon Towers 
project, the data delay time remained below 0.5 seconds due to 
the system synchronization test, while similar performance values 
were observed in the Green City and Skyline projects. This finding 
reveals that the integration technically enables uninterrupted data 
flow and minimal error margin [1].

Cost Variance Analysis
In comparative analysis of pre- and post-integration project costs, it 
was determined that BIM and ERP integration significantly reduced 
cost deviations. In the Horizon Towers project, while the average 
cost deviation before integration was 8.5%, this deviation decreased 
to 3.2% after integration. In the Green City project, cost deviation 
decreased from 7.1% to 2.8%, and in the Skyline project, from 9.0% 
to 3.7%, thanks to integration. Statistical t-test results showed that 
the reductions in cost deviations after integration were significant 
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(p < 0.05). This proves that integration strengthens control over the 
project budget and increases cost predictability.

Time Performance Analysis
Compliance with project schedule has been considered an important 
component of cost management. Automatic data transfer provided 
by BIM-ERP integration has saved time in project planning and 
implementation processes. In the Horizon Towers project, the 
compliance rate with the planned construction period was 82% 
before integration, and reached 93% after integration. Similarly, 
while deviations in project completion time decreased by 10% in 
the Green City project, an improvement of 12% was observed in the 
Skyline project. These developments show that integration is effective 
in optimizing project scheduling. ANOVA analysis confirmed that the 
time performance improvement was statistically significant (p < 0.05).

Qualitative Data Analysis Results
Qualitative data from semi-structured interviews and field observations 
support the positive effects of BIM and ERP integration on 
operational processes. Project managers and cost control experts who 
participated in the interviews stated that the integration accelerated 
reporting processes, data consistency increased, and communication 
between project stakeholders was strengthened. Additionally, it was 
emphasized that integration ensures that changes in the design phase 
are instantly reflected in the ERP system, thus enabling proactive 
interventions. These qualitative data, in line with technical findings, 
reveal integration’s positive impact on cost and time management.

Project Based Comparative Results
In the comparative evaluation between projects, Horizon Towers 
Integrated Complex, the highest scale project where the integrated 
system was applied, showed the most significant improvement in 
cost variances and time performance. Green City Urban Renewal 
Project has successfully managed the complex data integration 
needs of urban transformation; demonstrated additional benefits of 
integration with environmental and economic sustainability data. In 
the Skyline Infrastructure Development project, it has been observed 
that integrating infrastructure and transportation systems provides 
significant optimization in supply chain management and resource 
use, in parallel with regional development.

Discussion
The findings of this study clearly demonstrate the positive effects 
of integrating BIM and ERP systems on cost management and time 
performance in construction projects. The results obtained support 
the advantages previously reported in the literature and provide a 
comprehensive evaluation of the integration’s feasibility, technical 
performance, and operational benefits.

First, the 98% data integrity and low latency provided by API-based 
integration modules show that synchronization between systems is 
technically high. This demonstrates the success and reliability of the 
integration in today’s applications, where real-time cost and resource 
data updating are critical in construction projects. The combination 
of BIM’s potential to ensure data integrity and the financial reporting 
capabilities of ERP systems allows project managers to make more 
solid decisions [1].

Cost deviation analyzes reveal the direct impact of the decrease in 
deviations of 7-9% before integration to 2.8-3.7% after integration on 
the cost control of data exchange between systems. This improvement 
is extremely important in terms of increasing predictability in project 
budgeting and minimizing unexpected cost increases. Statistical 
analyzes (t-test and ANOVA) have shown that these differences are 
significant, and considering that cost predictability is a frequently 

encountered problem in construction projects in the literature, it can 
be said that integration provides significant benefits in practice [3].

In terms of time performance, data shows that integration leads to a 
10-12% improvement in project schedule compliance rates. Instant 
data transferred to ERP systems through BIM-based model updates 
has brought flexibility and predictability in project planning. This 
provides a solution to critical time management problems, considering 
the dynamic nature of construction projects. Project managers can 
instantly monitor the changes that occur during the planning process 
via ERP and make the necessary interventions in a timely manner. 
Thus, project delays and additional costs are minimized and overall 
project performance is increased.

In qualitative data analysis, feedback obtained from stakeholders 
showed that the integration provided significant improvements 
not only at the technical level but also at the organizational level. 
In the interviews, project managers, cost control experts and 
BIM coordinators; They stated that thanks to the integration, 
reporting processes were accelerated, data consistency increased 
and communication between stakeholders was strengthened. This 
finding also reveals the contribution of integration to organizational 
efficiency. In particular, the instantaneous reflection of the changes 
made during the design phase in the ERP enabled project managers to 
make proactive interventions, thus allowing faster and more effective 
solutions to be produced in times of crisis.

Cross-project comparative evaluation shows that integration can 
be effective at different levels depending on scale, project type 
and implementation process. Since the Horizon Towers Integrated 
Complex project is the highest scale project, it has improved the cost 
deviations and time performance of the integration most significantly. 
Green City Urban Renewal Project has revealed that data integration 
in the urban transformation process provides additional benefits in 
terms of environmental and economic sustainability.

In the Skyline Infrastructure Development project, significant 
optimizations were made in integration, supply chain management, 
and resource use applied to infrastructure and transportation. These 
differences emphasize that integration practices must be tailored 
to project characteristics and the importance of considering each 
project’s unique requirements.

However, the study also has some limitations. For example, only 
three large-scale projects were examined during the data collection 
process, and it should be considered that the effects of integration 
may differ in smaller-scale projects. Additionally, the long-term 
effects of integration and the dynamics brought by system updates are 
beyond the scope of the study. In future research, conducting more 
in-depth studies on the long-term performance and sustainability of 
integration is recommended, as well as comparative analyses with 
projects of different scales.

In conclusion, the findings show that integrating BIM and ERP 
systems significantly improves cost management, schedule planning 
and organizational efficiency in construction projects. As one of 
the key components of digital transformation in the construction 
industry, integration brings new standards in both technical and 
operational processes. This study scientifically reveals the effects of 
integration on cost and time management and provides contributions 
to guide practitioners and academics in the digitalization process. 
These findings provide a solid foundation for future research and 
open new research areas to examine the broader effects of digital 
integration in construction projects.
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Conclusions and Recommendations 
The results of this study show that integrating BIM and ERP systems 
significantly improves cost management, time performance and 
organizational efficiency in construction projects. The research 
conducted case studies on Horizon Towers Integrated Complex, 
Green City Urban Renewal Project and Skyline Infrastructure 
Development projects; showed that integration reduced cost 
variances from 7–9% to 2.8–3.7% and improved project schedule 
compliance by 10–12%. Technical performance tests have shown 
that API-based modules operate with 98% data integrity and 
provide low latency. Additionally, qualitative data analyses 
supported that project stakeholders evaluated the integration 
process positively regarding speed in reporting processes, data 
consistency and communication between stakeholders.

Results
This study evaluated the effects of BIM and ERP integration 
applications on cost management and time performance in three 
construction projects (Horizon Towers Integrated Complex, 
Green City Urban Renewal Project, and Skyline Infrastructure 
Development) with quantitative and qualitative analyses. The 
findings are presented in detail below.

Technical Performance and System Integration
Performance tests of API-based integration modules have shown 
that data transfer from BIM models to ERP systems can be carried 
out in a highly synchronized manner.

As a result of laboratory and field tests carried out in all projects, 
the data integrity rate was determined to be 98% on average. This 
rate shows that data loss or corruption occurs at a minimum level 
during the integration process.
In the Horizon Towers project, average data latency was measured 
below 0.5 seconds, while similar low latencies were observed in 
the Green City and Skyline projects. This proves that the data flow, 
which is critical for real-time cost and resource management, is 
provided without interruption. 

Cost Management and Variance Analysis
The cost reports of the projects and their pre-and post-integration 
situations were comparatively analyzed.
In the Horizon Towers project, while the cost deviation was 8.5% 
before integration, it decreased to 3.2% after integration.

In the Green City project, cost deviation decreased from 7.1% 
to 2.8%,
In the Skyline project, it decreased from 9.0% to 3.7%.
The t-test results (p < 0.05) showed that integration significantly 
reduced cost deviations. These data reveal that BIM-ERP 
integration increases cost predictability and strengthens budget 
control mechanisms.

Time Performance and Project Schedule Compliance
Schedule performance was evaluated based on the projects’ 
compliance rates and time deviations.

Project Schedule Compliance Rates
In the Horizon Towers project, while the time compliance rate 
was 82% before integration, it increased to 93% after integration.

Similarly, the implementation of integration in the Green City 
project decreased project completion time deviations by 10%, 
while this improvement was realized by 12% in the Skyline project.

Current data automatically transferred from BIM to ERP has 
enabled dynamic updates in project planning and the detection of 
critical disruptions in advance. ANOVA analysis confirmed that 
this time performance improvement was statistically significant 
(p < 0.05).

Qualitative Analysis and Stakeholder Opinions
Semi-structured interviews and field observations provided 
important data on the organizational effects of integration.

Project managers and cost control experts stated that reporting 
processes were significantly accelerated thanks to the integration. 
It has also been stated that instant data updates prevent delays in 
decision-making processes.

Participants emphasized that BIM-ERP integration increases 
data consistency and makes information sharing between project 
stakeholders more effective. This situation has positively impacted 
crisis management processes, especially thanks to proactive 
interventions that occur by quickly reflecting changes in the design 
phase to the ERP.

 In the interviews, it was revealed that integration is more than just 
a technical innovation; it also increases organizational efficiency; 
problems such as process transparency and data duplication have 
been minimized. 

Comparative Analysis between Projects
Comparative evaluation between projects revealed that integration 
practices create different effects depending on the project type 
and scale.

As the highest scale project, integration provided the most 
significant improvement in cost control and schedule compliance. 
The increase in efficiency in project management has been 
observed with the increase in proactive interventions.

Integrating data with environmental and economic sustainability 
data within the scope of urban transformation added additional 
value to the project. Thanks to the integration, cost predictability 
and resource allocation in renovation processes are optimized.

In this infrastructure and transportation-focused project, the 
integration application has been determined to provide significant 
supply chain management and resource use optimizations. In line 
with regional development strategies, the project demonstrated 
high performance in schedule and cost control with data provided 
through ERP.

The findings reveal that integrating BIM and ERP systems 
significantly reduces cost variances and time deviations 
in construction projects and strengthens data integrity and 
stakeholder communication in project management. Technically, 
the integration modules’ high data integrity and low latency prove 
that the systems operate without interruption. While quantitative 
analyses statistically support the positive effects of integration on 
cost and time performance, qualitative analyses show that these 
technical improvements are reflected in organizational processes.

These results confirm that BIM and ERP integration is an 
indispensable part of digital transformation in the construction 
industry. It brings new standards to cost and time management 
processes and significantly benefits practitioners. Additionally, 
differences between projects indicate that integration should be 
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customized according to project type and scale, emphasizing the 
importance of considering this awareness in future applications 
[6-25].

Suggestions
Construction companies should invest in API modules that support 
BIM and ERP integration and strengthen their infrastructure to 
ensure data compatibility between systems.

Project stakeholders, especially project managers and cost control 
experts, should be encouraged to improve their technical and 
organizational skills regarding the integration process.

Projects of different scales and types should undergo comparative 
analyses of the effects of integration, and long-term performance 
evaluations and the effects of system updates should be examined.
Industry standards and guidelines must be developed to 
successfully implement BIM-ERP integration. This will help 
overcome the technical and organizational difficulties encountered 
in implementation.

It is recommended that more comprehensive studies be conducted 
on the sustainability and long-term performance of the integration 
within the scope of different geographical regions and project 
types.

These results reveal the innovations brought by BIM and ERP 
integration to cost and time management processes as part of digital 
transformation in the construction industry. Based on scientific 
foundations, the findings provide significant contributions to both 
academic literature and practical strategies and provide a solid 
basis for future studies.
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