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Abstract. Construction industry faces many challenges as socio-economical 

needs evolve and Building Information Modeling (BIM) disrupts practices. 

BIM processes and solutions are mainly suited for the design stage of a project 

and experts are currently working to bridge the gap with the construction stage. 

Improving on BIM practices could be done by creating a more industrialized 

way of handling construction operations by learning from other industrial fields. 

This could help to manage quality, delay, and cost more precisely, while con-

sidering new indicators (e.g.: GHG emissions). BIM could be improved by de-

veloping a construction stage specific data structure inspired by Product Lifecy-

cle Management (PLM) systems. This requires to dynamically manage data for 

different stakeholders before and during the operations. This paper presents a 

conceptual data framework to develop a BIM-based decision support system to 

plan and manage construction operations. A 4D digital mock-up is gradually 

enriched to support construction processes studies resulting in a As Planned 

view of the building. Process engineering work is carried through iterative 

loops and supported by knowledge-based indicators. A cross-disciplinary work-

flow allows the use of new production methods (e.g.: off-site modular construc-

tion). An As Built view of the mock-up is concurrently created as operations 

advance and changes occur, feeding back the knowledge-based indicators. 

Keywords: Building Information Modelling, Product Lifecycle Management, 

Knowledge-Based Engineering, Enterprise Information System  

1 Introduction 

The Architecture, Engineering, and Construction (AEC) industry is transforming its 

ways to adapt to contemporary needs. Professionals must balance the management of 

costs, time, and quality with news demands, e.g.: evolving standards, sustainable de-

velopment [1, 2]. Changes are needed in designing and constructing buildings. This 

could be done by industrializing the production of buildings. Industrialized construc-

tion can be defined by new building methods, e.g.: off-site modular construction [3], 

and by precisely managing a project information during a building lifecycle [4, 5]. 
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Industrializing the construction stage of a building project can be done by tackling site 

management activities. The core activities of site management are operations planning 

and monitoring, both rely on an interdisciplinary workflow involving process engi-

neering practices, budget management, resources management i.e.: workers, machines 

and tools, materials, and sub-systems. Combining those, we can describe a site or a 

building under construction through operations workflows or the flows of resources in 

and around a site [6]. This gives a product-process-resources (PPR) point of view of 

the work [7].  

Building Information Modeling (BIM) is at the center of this transformation as it 

helps professionals managing information and improves productivity [8]. Manufactur-

ing industry practices is a source of inspiration to develop knowledge management 

practices for AEC projects. Manufacturing information management practices are 

centered around the holistic concept of Product Lifecycle Management (PLM) [9]. 

Learning from PLM could improve BIM practices [10]. A first step to industrialize 

building production could be made by combining a PLM-based data management 

approach with site management BIM applications [11].  

This paper presents a first approach to define a knowledge-based decision support 

system for site operations management. We focus on site planning and monitoring 

activities with a BIM-based and product-process-resource-oriented workflow. We 

investigate what are the main components of an industrialized site management in-

formation system from a functional, roles, and data point of views. 

In section 2 we present the scientific background relevant for this work. In section 

3 we present the As-Is system and detail the information system To Be by defining its 

key components. Conclusions and future work are discussed in section 4. 

2 Scientific background 

2.1 Challenges in structuring information for site operations 

management 

Construction sites are complex production systems [12]. Operation scheduling and 

monitoring are important tasks to make sure everything is done right. Site manage-

ment often rely on basic tools: Gantt charts, spreadsheets, and 2D drawings. These 

tools and their uses have not changed significantly in the last 30 years [13, 14]. Site 

management methods and digital tools are being developed to improve productivity. 

Digital solution focus primarily on linking a digital mock-up (DMU) with a project 

schedule, creating a 4D BIM process [15]. The main challenge is to account for the 

recurring changes that occur on the construction site, and the data visualization de-

pending on stakeholders’ point of view [16, 17]. Commercial solutions are emerging 

but their adoption rate remains low [15]. BIM is seen as a new way to deal with con-

struction operations while integrating a PPR point-of-view [18]. Adapting BIM prac-

tices to the site management means to develop a digital thread between the design and 

construction stages, and new workflows to account for the new information manage-

ment capabilities [5, 12]. This information management approach is known as Build-

ing Lifecycle Management [4]. It draws from the Product Lifecycle Management 
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approach developed in the manufacturing industry [19]. In [20] we detail our views 

on why and how to leverage a PLM-inspired approach to improve on BIM practices 

for site management, and how to account for 4D BIM capabilities. This would im-

prove managing projects that are becoming more complex from a technical, digital, 

and organizational point-of-view [21]. 

3 Methodological framework for an information system 

supporting site operations management  

BIM and site management practices could be improved by developing a greater indus-

trial working approach. This can be achieved by developing a knowledge-based in-

formation system for site management activities. In [20] we presented a first draft of a 

BIM-based decision support system that could help professionals to plan and monitor 

site operations. In this section we define and detail how this system could be frame. It 

is built around a process engineering BIM mock-up that is connected to other enter-

prise information systems. 

3.1 As-Is organization 

Planning and managing construction operations are complex activities involving 

many stakeholders. Before operations starts, planning work is mainly done by process 

engineers. Their work focuses on analyzing the feasibility of a project and devising 

processes that account for technical and financial constraints. This work generally 

depends on the engineers’ experiences. Process engineers cooperate with other pro-

fessionals to plan construction operations. The general foreman and site foreman play 

a key role in defining processes. They review deliverables and provide feedback on 

technical solutions and on-site context, e.g., site logistic constraints, workers exper-

tise, sub-contractors skills. Equipment manager and purchaser also help optimizing 

construction work by allocating and buying the needed materials, machines, tools, and 

subcontracted services, and human resources manager dispatch workers. The general 

foreman activities currently represent a choke point to manage engineering and con-

struction activities [20]. A new work organization is needed. 

3.2 Developing a new information system 

Framing the system functions 

Enterprise information systems (EIS) are complex organizations defined by their 

social, technical, and economical dimensions [22]. Creating a new EIS implies to 

structure a new work dynamic with different shared responsibilities to use properly it. 

Doing so means to define the constitutive elements of the system and their relations 

from different points-of-view [23]. Several methodologies and tools exist to define 

and build an EIS, e.g., The Open Group Architecture Framework (TOGAF) [24], the 

GRAI methodology [25], or the Zachman framework (ZF) [26]. We choose the ZF 
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because it is recognized as a de facto standard [27], and is practical enough to be used 

for a research study.  

The ZF is based on a 6x7 matrix: columns represent the basic questions of engi-

neering work, and lines represent the concretization of the work according to a specif-

ic point-of-view. Each box must consider the content of the ones on its sides and 

above and below to create a systemic picture of the enterprise and its EIS. Each box 

then represents a primary component of the EIS [27].  

In table 1 we detail our comprehension of the system to be developed according to 

the ZF. We choose to focus on few boxes that represent the core description of the 

system. Boxes are defined through iteratives interviews of experts. Three boxes are 

refined using diagrams to improve comprehension in figures 1, 2, and table 2. 

Lines are originally titled with names associated with AEC actors [28]. We 

changed them to avoid misinterpretation because this research work is conducted 

within a construction company. The new names seek to reflect the point-of-view of 

the EIS they represent.  

Table 1. Zachman framework of the system to be  

 

 

Strategic – How 

The experts we interviewed concur that AEC work practices must change to tackle 

the many challenges facing the AEC industry. This can only be done by profoundly 

reshaping working practices within the company and changing how the industrial 

ecosystem operates. 

Operational - Why 

Changes are motivated by a will to improve the industry productivity while devel-

oping sustainable ways to build and use resources. Companies must adapt to climate 

change and economic change, while remaining cost-effective. 

Operational - When 

Changes of practices must occur on the entire lifecycle of a construction project. 

Companies must reorganize themselves to build differently.  

Operational - How 
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Managing engineering knowledge can leverage new building practices and help to 

better manage complex engineering projects. 

Functional - Who 

Knowledge management practices should help to improve existing working prac-

tices and developing new ones. Site management activities must be reshaped to focus 

solely on production management. Design activities are to be managed independently 

and construction can start when the building design is considered mature enough and 

less prone to changes . 

Defining the system’s work organization 

Technological - Who 

In figure 1 we suggest a new work division across the lifecycle of an AEC project 

so to avoid choking point. Boxes represent major AEC activities. We numbered the 

activities to better understand the work sequence from start (#1) to finish (#6). A pro-

ject lifecycle starts with the design of the building. We suggest creating a new role 

with the engineering manager who should coordinate and manage technical analysis 

for the project in and out of the construction company. Once the design is set, process 

engineer can plan site activities. The engineering manager and process engineer team 

up to optimize the building from a design and construction point-of-view. Materials, 

machines, tools, and sub-systems can be bought or allocated from the company re-

sources stocks, during processes development while working forces can be dispatched 

or sub-contracted. We suggest creating the role of logistic coordinator to manage 

physical resources just as a HR manager dispatch workers between sites. The logistic 

coordinator interacts with the general foreman to adapt the allocation of resources to 

the site as operations develop. With this work division, the general foreman and site 

foreman can focus entirely on managing construction operations. When construction 

operations are finished, the building is handed over to the client.  

 Defining the system’s basic data architecture.  

Technological - How 

The work division suggested in figure 1 helps us to define the major functions of 

our EIS. Figure 2 represents a functional architecture view of the system to be. This 

representation is not based on any standard for information architecture. Blue boxes 

represent the main functions. They are numbered in the same order as the activities in 

figure 1. White boxes represent sub-functions of each main function.  

Work is centered around the DMU of the project. Specialized views of the DMU 

are gradually developed for specific activities. Information managed in the DMU are 

exchanged with other information systems when needed to carry-out specific func-

tions. Engineer manager develops an As Designed view at the beginning of the pro-

ject. It serves as a basis to develop a preliminary planning of the project. When design 

activities are finished, process engineer develop an As Planned view and a precise 
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master planning of construction activities. Engineers optimize the project as they 

develop their solution through iteration cycles. Thanks to the quantity take-off (QTO) 

obtained, resources can be acquired and dispatched to prepare operations. Data from 

the As Planned DMU are exchanged with the Enterprise Resource Planning (ERP) 

and the central purchasing service. When operations start the general foreman and site 

foreman develop the As Built view of the DMU and compare it to the As Planned 

view. Depending on the operations development, resources and workers dispatching 

can be adapted and the As Planned view can be reconfigured to take into account new 

and up to date parameters, e.g.: delivery period, lifecycle assessment indicators, 

change orders. When operations are over, the building is handed over to the client, 

and the project information are archived for legal and contractual purposes, and for 

knowledge management purpose. We add a change management function to the sys-

tem to control data evolution through the entire project lifecycle. 

 

Fig. 1. Operation planning and monitoring tasks organization of the system to be 

Technical – What 

To further detail our understanding of this system. We present in table 2 an exam-

ple of the type of data to be used as a work basis. We also mention their possible in-

teractions with other information system or data bases. We detail the data needed by 

the function Devise building processes as it is a central point of the system. Each sub-

function can be associated with a technological solution. We then list the type of data 

needed by each function. For example, QTO are obtained by managing the geometric 

data of the As Planned DMU. We define operating condition based on the QTO, the 

associated time ratio for each type of element, and the tools and machines needed to 

execute building operations. The detailed planning can be linked with the HR infor-

mation system or the central purchasing system to assess the resources available for 

the project. 
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Fig. 2. Operation planning and monitoring functional architecture of the system to be 
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Table 2. Example of data typology for the system to be 
Function Devise building processes 

Sub-function Develop as planned mock-up Develop master planning 

Technological 

solution 
4D BIM model 

Planning solution  

(e.g., Gantt chart) 

Data 

Manage 

QTO 
─ Objects geometry 

Define 

operating 

conditions 

─ Time ratios 

─ Activities sequences 

─ Version  

─ Link with QTO 

─ Link with HR system 

─ Link with logistic data 

base  

─ Link with central 

purchase service 

Manage 

objects 

meta-

data 

─ Physical properties 

─ Version 

─ Lifecycle Assessment 

─ Link with planning 

─ Link with central 

purchase service 

4 Conclusion and future work 

The architecture, engineering, and construction industry is in need of changes. Pro-

jects are becoming more complex, and new demands must be met. To adapt, construc-

tion companies are industrializing their work practices, notably site management ac-

tivities. Industrialization can be achieved by combining a project digital mock-up to 

other information systems. This paper presented a conceptual framework of an infor-

mation system for planning and monitoring of site operations. We identified the core 

functions of the system. We presented a new enterprise architecture to leverage this 

system. We also presented a functional architecture of the system and the main types 

of data to be managed by the system. 

This work is part of a greater research project. We intend to investigate further the 

composition of the system we introduced by precisely identifying the data needed by 

the system and how they interact to process a given function, or defining performance 

indicators to support decision making. We ambition to test it on a life-size use-case 

with our industrial partner. 

5 Acknowledgement  

The authors would like to express their gratitude to the input and feedback given by 

Spie batignolles experts. 

6 References  

1. Won, J., Cheng, J.C.P.: Identifying potential opportunities of building information mod-

eling for construction and demolition waste management and minimization. Automation in 

Construction. 79, 3–18 (2017). https://doi.org/10.1016/j.autcon.2017.02.002. 



9 

2. Wuni, I.Y., Shen, G.Q.: Critical success factors for management of the early stages of 

prefabricated prefinished volumetric construction project life cycle. ECAM. 27, 2315–2333 

(2020). https://doi.org/10.1108/ECAM-10-2019-0534. 

3. O’Connor, J.T., O’Brien, W.J., Choi, J.O.: Critical Success Factors and Enablers for Op-

timum and Maximum Industrial Modularization. J. Constr. Eng. Manage. 140, 04014012 

(2014). https://doi.org/10.1061/(ASCE)CO.1943-7862.0000842. 

4. Bricogne, M., Eynard, B., Troussier, N., Antaluca, E., Ducellier, G.: Building lifecycle 

management: overview of technology challenges and stakeholders. In: International Conference 

on Smart and Sustainable City. pp. 47–47. IET, Shanghai, China (2011). 

https://doi.org/10.1049/cp.2011.0284. 

5. Harkonen, J., Mustonen, E., Haapasalo, H.: Construction-Related Data Management: 

Classification and Description of Data from Different Perspectives. International Journal of 

Management, Knowledge and Learning. 8, 195–220 (2019). 

6. Garcia-Lopez, N.P., Fischer, M.: A Construction Workflow Model for Analyzing the Im-

pact of In-Project Variability. In: Construction Research Congress 2016. pp. 1998–2007. Amer-

ican Society of Civil Engineers, San Juan, Puerto Rico (2016). 

https://doi.org/10.1061/9780784479827.199. 

7. Terzi, S., Bouras, A., Dutta, D., Garetti, M., Kiritsis, D.: Product lifecycle management 

&ndash; from its history to its new role. IJPLM. 4, 360 (2010). 

https://doi.org/10.1504/IJPLM.2010.036489. 

8. Sacks, R., Eastman, C., Lee, G., Teicholz, P.: BIM Handbook - A Guide to Building In-

formation Modeling for Owners, Designers, Engineers, Contractors, and Facility Managers. 

John Wiley & Sons, Inc (2018). 

9. Saaksvuori, A., Immonen, A.: Product Lifecycle Management. Springer Berlin Heidel-

berg, Berlin, Heidelberg (2008). https://doi.org/10.1007/978-3-540-78172-1. 

10.Jupp, J.: Incomplete BIM Implementation: Exploring Challenges and the Role of Product 

Lifecycle Management Functions. In: Bernard, A., Rivest, L., and Dutta, D. (eds.) IFIP Interna-

tional Conference on Product Lifecycle Management¨. pp. 630–640. Springer, Nantes, France 

(2013). https://doi.org/10.1007/978-3-642-41501-2_62. 

11.Blampain, F., Bricogne, M., Eynard, B., Bricogne, C., Pinon, S.: Digital thread and 

building lifecycle management for industrialisation of construction operations: a state-of- the-

art review. In: International joint conference on mechanics, design engineering and advance 

manufacturing. pp. 884–894. Springer, Ischia, Italy (2022). https://doi.org/10.1007/978-3-031-

15928-2_77. 

12.Mäki, T., Kerosuo, H.: Site managers’ daily work and the uses of building information 

modelling in construction site management. Construction Management and Economics. 33, 

163–175 (2015). https://doi.org/10.1080/01446193.2015.1028953. 

13.Sriprasert, E., Dawood, N.: Next Generation of Construction Planning and Control Sys-

tem: The LEWIS Approach. In: International Group for Lean Construction. pp. 1–11. , 

Gramado, Brazil (2002). 

14.Bolshakova, V., Guerriero, A., Halin, G.: Identification of relevant project documents to 

4D BIM uses for a synchronous collaborative decision support. In: Creative Construction Con-

ference. pp. 1036–1043. Budapest University of Technology and Economics (2018). 

https://doi.org/10.3311/CCC2018-134. 



10 

15.Boton, C., Kubicki, S., Halin, G.: The Challenge of Level of Development in 4D/BIM 

Simulation Across AEC Project Lifecyle. A Case Study. Procedia Engineering. 123, 59–67 

(2015). https://doi.org/10.1016/j.proeng.2015.10.058. 

16.Boton, C., Kubicki, S., Halin, G.: Designing adapted visualization for collaborative 4D 

applications. Automation in Construction. 36, 152–167 (2013). 

https://doi.org/10.1016/j.autcon.2013.09.003. 

17.Naticchia, B., Carbonari, A., Vaccarini, M., Giorgi, R.: Holonic execution system for re-

al-time construction management. Automation in Construction. 104, 179–196 (2019). 

https://doi.org/10.1016/j.autcon.2019.04.018. 

18.Dashti, M.S., Reza Zadeh, M., Khanzadi, M., Taghaddos, H.: Integrated BIM-based sim-

ulation for automated time-space conflict management in construction projects. Automation in 

Construction. 132, 103957 (2021). https://doi.org/10.1016/j.autcon.2021.103957. 

19.Aram, S., Eastman, C.: Integration of PLM Solutions and BIM Systems for the AEC In-

dustry. In: International Symposium on Automation and Robotics in Construction and Mining. , 

Montreal, Canada (2013). https://doi.org/10.22260/ISARC2013/0115. 

20.Blampain, F., Bricogne, M., Eynard, B., Bricogne, C., Pinon, S.: Digital solution for 

planning and management of construction site operations: a proposal of BIM-based software 

architecture and methodology. In: EduBIM. p. 176. Eyrolles (2023). 

21.Whyte, J., Tryggestad, K., Comi, A.: Visualizing practices in project-based design: trac-

ing connections through cascades of visual representations. Engineering Project Organization 

Journal. 6, 115–128 (2016). https://doi.org/10.1080/21573727.2016.1269005. 

22.Romero, D., Vernadat, F.: Enterprise information systems state of the art: Past, present 

and future trends. Computers in Industry. 79, 3–13 (2016). 

https://doi.org/10.1016/j.compind.2016.03.001. 

23.ISO: ISO/IEC/IEEE 42010:2022 Software, systems and enterprise — Architecture de-

scription, (2022). 

24.Dedic, N.: FEAMI: A Methodology to Include and to Integrate Enterprise Architecture 

Processes Into Existing Organizational Processes. IEEE Eng. Manag. Rev. 48, 160–166 (2020). 

https://doi.org/10.1109/EMR.2020.3031968. 

25.Chen, D., Vallespir, B., Doumeingts, G.: GRAI integrated methodology and its mapping 

onto generic enterprise reference architecture and methodology. Computers in Industry. 33, 

387–394 (1997). https://doi.org/10.1016/S0166-3615(97)00043-2. 

26.Zachman, J.A.: A framework for information systems architecture. IBM Syst. J. 26, 276–

292 (1987). https://doi.org/10.1147/sj.263.0276. 

27.Lapalme, J., Gerber, A., Van der Merwe, A., Zachman, J., Vries, M.D., Hinkelmann, K.: 

Exploring the future of enterprise architecture: A Zachman perspective. Computers in Industry. 

79, 103–113 (2016). https://doi.org/10.1016/j.compind.2015.06.010. 

28.Sowa, J.F., Zachman, J.A.: Extending and formalizing the framework for information 

systems architecture. IBM Syst. J. 31, 590–616 (1992). https://doi.org/10.1147/sj.313.0590. 

 

 


