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Building Information Modelling (BIM) can be defined as a set of tools, processes and technologies that are enabled by a digital multi-dimensional representation of the physical and functional characteristics of a built asset. The ‘fourth’ dimension (4D BIM) incorporates time-related project information in the 3D model to simulate and optimise the project construction process. To achieve this, the 3D objects within the aggregated design model must be linked with each activity in the construction schedule. However, the levels of maturity and expertise in using BIM amongst the project participants still varies considerably. This generates collaboration problems within the project and adds further obstacles to the ability to derive full benefits from BIM. Ideally, 4D BIM can be automatically generated, but in reality, because the 3D and 4D models are created separately and at different stages of the project, this is not currently possible, and the process requires considerable manual effort. The research reported in this paper was prompted by the construction of a new training and research building: the Nanterre 2 CESI building in France. It proposes an efficient approach that minimises the effort of creating 4D BIM construction schedules. The CESI four-phase process aims to help project participants to fully exploit the potential of 4D BIM and enables: 1) a clear expression of the 4D BIM objectives; 2) the identification of information requirements and relevant workflows to achieve these objectives; 3) the implementation of a project schedule; and 4) BIM model production to suit the 4D BIM use case. Although the CESI approach was developed in the context of the French contracting system, the observations and conclusions of this study are intended to be generally applicable.
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1 INTRODUCTION
The construction sector has undergone many technical and regulatory developments over the last decades. Concerned about the impact of their projects on the environment and the safety of end-users and other project stakeholders, project owners have become more and more demanding when it comes to commissioning projects (Cavka et al., 2017). However, those involved in construction have, according to some commentators, changed their working methods very little (Buisman, 2018). This gap between changes in rules and standards that affect the demand-side and the relative stagnation of those on the supply-side has significant impacts on the duration, cost and quality of the works delivered. A project is an environment where stakeholders with different profiles are required to achieve specific objectives. The success or failure of a project depends on the strategy adopted to organize, coordinate and supervise all the activities and works that need to be scheduled then delivered while taking into account the various internal and external project constraints (Camacho et al., 2018).
1.1 Construction project planning
The planning and scheduling of construction projects represents an important part of the management of the construction process. It plays a crucial role in a project’s success, since it facilitates the allocation of resources (such as equipment, materials, and labour) to project activities over time, to ensure the completion of the project on time and within budget (Conlin and Retik, 1997). In addition to determining the pace of the work, good scheduling enables project stakeholders to check project feasibility, estimate the preliminary costs, maintain safety, optimise the use of resources, and allow the project team to monitor and control progress and determine if the work is proceeding efficiently and ensure that the client’s objective is achieved (Construction Engineering and Management, 2022). Furthermore, planning and scheduling deficiencies (Egwim et al., 2021) and poor communication among project participants (Chen et al., 2019) have been identified as major factors that can lead to project delays and cost overruns (Flyvbjerg, 2014) and ultimately to claims and disputes (Aravindhan et al., 2021).
Scheduling software packages, such as Primavera and Microsoft Project as well as planning techniques like bar charts, time charts, and network approaches, have been used for some time to assist and help project managers in planning construction projects (Chen et al., 2012). Further advances have been made possible with the advent of Building Information Modelling (BIM), which has the potential to assist project managers in expediting their duties more effectively than in the past.
1.2 Building information modelling
BIM can be defined as a set of tools, processes and technologies that are enabled by a digital representation of the physical and functional characteristics of a built asset (Sacks et al., 2018) expressed in data-enriched 3D models and their relationships. This digital replica constitutes a shared and central source of data about a facility, forming a reliable basis to produce information that supports insightful decision making for planning and managing a construction project during its whole life cycle (Dashti et al., 2021). Such information could include onsite spatial and topographical information, temporal and schedule information, and resources and cost information, among others (Popov et al., 2010; Moon et al., 2014; Bortolini et al., 2019). BIM models are characterised by a level of development (LoD) which varies from 100 to 500 (i.e., from least to most developed) that can describe a model and also serve to specify the appropriate amount of information required for specific uses (AIA, 2013).
1.3 4D building information modelling and project planning
Such digital representation is multi-dimensional, or “nD”, where each so-called dimension indicates information-processing capacities for various aspects of design, construction and operation (Koutamanis, 2020). The “fourth” BIM dimension (4D BIM) incorporates time-related project information in the 3D information model to simulate and optimise the project construction process (Ding et al., 2014). In practical terms, this consists in linking units of work or elements in the form of objects from the geometric 3D model to the construction scheduling activities using proprietary software, such as Navisworks or Synchro Pro (Staub-French and Khanzode, 2007), (Mazars and Francis, 2020).
This can be a solution to overcoming many deficiencies of current planning practices (Sheikhkhoshkar et al., 2019), improving the quality of the construction planning process, and enabling the development and integration of several use cases, including 1) dynamic site analysis with temporary components, such as equipment movement, resource availability, the management of congestion and other operational constraints (Huang et al., 2007; Zhou et al., 2015; Antwi-Afari et al., 2018); 2) construction health and safety management (Sloot et al., 2019; Tran et al., 2021); 3) evacuation path planning (Kim and Lee, 2019); 4) logistics management; 5) augmented vehicle tracking and transportation route planning (Chen and Nguyen, 2019); 6) construction waste management (Guerra et al., 2020); 7) spatial conflict detection and workspace congestion avoidance; and 8) the monitoring of construction progress with site layout designs (Costin et al., 2018; Hosseini et al., 2018).
Overall, 4D BIM simulation has been claimed to be potentially 40% more efficient than conventional planning procedures (Candelario-Garrido et al., 2017). Furthermore, 4D BIM based visualisations provide intuitive comprehension of the construction process which enables more effective communication and thus better collaboration between all project stakeholders (Hartmann et al., 2008; Mahalingam et al., 2010).
Although the benefits of 4D BIM are clearly and widely reported in literature (and summarised later), few studies have considered its actual implementation, and the corresponding processes, involving many actors, during the construction phase. Some of these actors have little or no experience in using BIM. Reports suggest that because of this, and the consequent time and expense involved, the use of 4D BIM is currently restricted to small projects with few activities (Boton et al., 2015; Mazars and Francis, 2020). To bridge this gap, this study presents case-based evidence of the use of 4D BIM during the construction phase of a real project to understand how this tool can be practically implemented to support and assist project participants in their mission.
1.4 Introduction to the study and its contribution
This paper extends 4D BIM literature by presenting empirical evidence on the implementation and use of 4D BIM tools during the construction phase of an educational building, and particularly, tackling two related research gaps.
First, the existing software tools of creating 4D BIM models are either: 1) relatively easy to use but not suitable for the full range of construction site planning functions. For instance, the Hardin and McCool approach, which proposes a solution around the Navisworks software and its TimeLiner module (Staub-French and Khanzode, 2007; Hardin and McCool, 2015), 4D Virtual Builder (4D Virtual Builder, 2022) as well as Vico Office software (Vico Office, 2016) are all known to be 4D BIM tools that are easy to use and enable creating 4D video animations usually used to communicate with the client, however they fail to implement advanced 4D functionalities, such as spatial conflict detection and workspace congestion avoidance; 2) reasonably suitable for such purposes but involve a laborious and time-consuming learning and manual conversion of 3D models processes as in the case of the Synchro Pro software (Mazars and Francis, 2020; Nechyporchuk and Bašková, 2020).
Second, as noted in the literature and confirmed in the case study presented here, few studies have considered the actual implementation of 4D BIM planning as a ‘collaborative process’ rather than simply the application of software, thus failing to detail the corresponding workflows and (sub) processes involving many actors, often with heterogenous and different levels of maturity and expertise in using BIM. This paper describes a process that addresses these two concerns and proposed a complete approach that includes and explains how the client should express their 4D BIM objectives. These must be SMART (Specific, Measurable, Achievable, Realistic and Time-bound) to enable a step-by-step process to detail, formalise, and collaboratively synchronise the implementation of the 4D BIM use case between all the construction project participants. This process should include the definition and selection of 4D BIM workflows and the software required. The CESI approach was prompted by, tested and implemented, although in atypical circumstances, on a real construction project - the CESI Nanterre 2 project.
The Nanterre 2 CESI project is a four-storey building, designed to increase the teaching capacity of the CESI campus in Nanterre, Paris. There were two reasons for adopting BIM for the design and delivery of the project. First, so that the deliverables produced by the project participants could be saved at each phase in order to make them available to CESI teaching teams and serve as real case studies. Secondly, so that the information contained in the deliverables allowed CESI to manage the operation and maintenance of the building using BIM-based workflows. CESI therefore produced a BIM specification document to detail their BIM-related expectations. CESI’s BIM management team subsequently translated these expectations into “BIM objectives” and then into “BIM use cases”. Contractually, the companies in charge of the design and construction of the work were required to produce information and deliverables for each BIM use case. However, faced with the limited skills of the contributors, the list of the 10 BIM use cases initially identified by CESI was ultimately reduced to only 8. To overcome this issue, researchers at CESI decided to perform one of the use cases not carried out by the contractors’ production teams, namely the 4D planning.
1.5 Structure of the paper
The remainder of the paper is organized into five parts. After a brief review of planning on construction projects in general, Section 2 reviews the literature on the use of 4D BIM, concluding in the identification of remaining barriers and problems for investigation. In Section 3, the sources of empirical data are introduced, including a background to the construction of a new building at the CESI campus in Nanterre, Paris. This project both prompted the overall study and was to provide a real case for the application of a proposed approach to the process of 4D BIM implementation. Section 4 includes a short survey of 4D BIM practice in France. The CESI 4DBIM methodology is detailed in Section 5 and its more general applicability to the construction industry is discussed in Section 6 alongside its implications for industry, its limitations, and the future work envisaged by the research team. The content of this paper is summarised in Figure 1.
[image: Figure 1]FIGURE 1 | Methods, contributions, ongoing works, and future developments presented in this study.
2 CONSTRUCTION PLANNING AND THE ADVENT OF 4D BUILDING INFORMATION MODELLING
Planning a construction project involves identifying, for each stage of the project, the activities to be carried out to achieve the desired objectives. The activities must then be broken down into basic tasks; referred-to as the project’s work breakdown structure (WBS) which is then scheduled according to the technical, economic, and other specific constraints of the project. By doing so, the resulting deliverable makes it possible to view and communicate the detailed progress of the project and have milestones against which to measure progress. Sometimes this is linked to stage payments.
Several types of planning and scheduling methods have been used, including Critical Path, Line-of-Balance and Time-Location, Program Evaluation and Review Technique (PERT), and Critical Chain methods (Pellerin and Perrier, 2019). Many of these methods have been subjected to refinements in the way they are visualized (McKinney and Fischer, 1998), or, as in the case of Lean-based approach, in their overarching production philosophy (Aziz and Hafez, 2013).
2.1 The benefits of using 4D building information modelling in the management of a construction project
BIM makes it possible to design, build and operate a project over its entire life cycle (Sacks et al., 2018). It involves a collaborative process within a construction company and between project partners around a digital model. It is a technical database, made up of objects defined by their characteristics and the relationships between them. Typically, this incorporates the design work of multiple specialisms, including architecture, structural engineering, and mechanical-electrical-plumbing (MEP) systems. The whole forms a structured set of information about a built asset which is also useful for visualizing the planned project. However, on its own this 3D BIM model does not offer a clear appreciation of the implementation of the construction process and its dynamics: to achieve this, it is necessary to integrate a fourth dimension: time. This is the principle of 4D BIM.
It has been claimed that 4D BIM can be a solution to overcoming many deficiencies of traditional planning practices as linking the digital model to the construction schedule allows project managers to identify planning errors (Hardin and McCool, 2015). This is of great importance given that it has been claimed that 70% of traditional schedules produced are wrong or non-optimised (Hardin and McCool, 2015) and that non-compliance with a schedule has an additional direct effect on the cost of the work as well as possible indirect effects on its quality (Gebrehiwet and Luo, 2017). The enrichment of a 3D BIM model with scheduling data to produce a 4D model has the potential to improve the quality of the construction planning process through the development and integration of several use cases, such as:
1) analysing construction site with temporary components including equipment movement, resource availability, and congestion and other operational constraints management: Huang et al. (2007) proposed to integrate construction virtual prototyping systems with 4D models to provide realistic graphical simulations that incorporate both the layout and dynamic analysis of the construction site;
2) detecting and managing spatial conflict and workspace congestion: Chavada et al. (2012) studied conflicts detection between workspaces using 4D BIM visualization of construction schedules. Moon et al. (2014) developed an active simulation system based on 4D models and an optimisation process to minimise the simultaneous interference level of the schedule-workspace;
3) monitoring construction work progress: Tran et al. (2020) explored the use of 4D BIM and visual programming to develop a conceptual framework of camera planning that enables the monitoring of construction site progress. Braun et al. (2015) proposed an automated framework based on photogrammetric surveys and 4D BIM models to detect deviations in the construction process between the actual state of a construction and its planned state;
4) producing short-term work plans: Sriprasert and Dawood (Sriprasert and Dawood, 2022) implemented the LEWIS system; a visual multi-constraints planning framework based on the use of 4D BIM and Lean methodology principles, to enable integrating construction related information and constraints with 4D BIM;
5) managing construction health and safety: Tran et al. (2021) proposed a hazard identification approach based on 4D BIM and spatial-temporal conflicts potentially leading to accidents, to prevent construction accidents. Han et al. (2017) proposed the 3D-CES system to analyse 3D-based visualisation of mobile crane operation. This system enables the identification of safety and productivity aspects while selecting the most efficient crane operation to assist in elaborating the crane lift schedule. Tan et al. (2019) investigated the use of BIM and 4D acoustics simulation tools to mitigating the noise impact on maintenance workers of offshore platforms;
6) planning evacuation paths: Kim et al. (Kim and Lee, 2019) proposed a 4D BIM based framework that enables generating and visualising worker evacuation paths. The prototype developed considers construction activities and site constraints to enable the identification of accessible evacuation paths including customised parameters, such as workspaces, temporary structures and storage areas;
7) managing construction logistics: Golparvar-Fard et al. (2009) proposed to use 4D photographs to facilitate visualisation and analysis of construction progress and workspace logistics. Said and El-Rayes (Said and El-Rayes, 2014) developed an automated multi-objective construction logistics optimisation system to integrate and optimise material supply and site layout decisions. Chin et al. (2008) proposed a framework to support the logistics and progress management of structural steel works by using 4D with radio-frequency identification (RFID) technology;
8) tracking and planning construction transportation vehicle: Chen and Nguyen (Chen and Nguyen, 2019) investigated the use of BIM with web map service for construction material sources selection. The BIM-WMS decision making system developed enabled evaluating the final cost, materials delivery time, and location credits to help designers and project managers for the selection of material, cost and schedule planning; and
9) managing construction waste: Hewage and Porwal (Hewage, 2011) proposed a 4D BIM framework for material waste prediction and recycling strategies recommendation, while Won and Cheng (Won and Cheng, 2017) developed a 4D BIM construction waste estimation system which relies on construction waste factors for the estimation of waste generation.
2.2 Creating the 4D model: A view from the literature
The process of producing the 3D BIM model and that of the construction schedule each has its own workflow. Creating a 4D BIM model involves linking the 3D design model to the construction schedule through the medium of a 4D integration tool acting as an interface (McKinney et al., 1996). There exists a variety of such tools. The two most-commonly considered in the related academic literature are Navisworks© and Synchro Pro© (Nechyporchuk and Bašková, 2020). Detailed descriptions of this 4D-integration process are given in the literature (Staub-French and Khanzode, 2007; Boton et al., 2015; Mazars and Francis, 2020). The consensus is that the most time-consuming activity involves ensuring that the required schedule activities are linked to the appropriate objects in the 3D design model. Further examination of this issue reveals some major problems.
2.3 Barriers to the use of 4D building information modelling: A problem for investigation
The interoperability of different proprietary software tools (De Gaetani et al., 2020) is a technical issue that appears to be gradually solved (Lai and Deng, 2018). Leaving aside the enduring underlying problem is that the elements that must be incorporated into the 4D model are produced by different parties, with different priorities, and at different times in the project delivery period (Boton et al., 2015). One example of the resulting incompatibility is the difference in LoDs between the sources for the 4D BIM model. The design and construction process are notoriously fragmented. At the time that the 4D simulation is needed much of the 3D design model will be at a lower LoD than the construction schedule (Krippahl and Grilo, 2012), which is based upon a far more detailed work breakdown structure (Boton et al., 2015). The situation is further complicated by the likelihood that different parts (e.g., architectural, structural, MEP) of the 3D model will themselves be at different LoDs (Boton et al., 2015). This accounts for the labour-intensive and time-consuming matching and manipulation work reported by many commentators. According to some, this accounts for the assertion that 4D BIM adoption, in its fullest sense, has been reported to be quite low (Boton et al., 2015) and that 4D BIM is currently only used on small projects with few activities because of the time and effort involved (Mazars and Francis, 2020). In summary, the effort and skill needed to cope with the incompatibility between BIM authoring tools (e.g., Revit and ArchiCAD) and legacy scheduling tools (e.g., Primavera and MS Project) using 4D BIM management tools (e.g., Navisworks and Synchro Pro) is hindering the exploitation of the full potential of BIM (Staub-French and Khanzode, 2007; Mazars and Francis, 2020). This issue will be revisited later in this paper.
3 RESEARCH METHODS
The research study reported here was prompted by the construction of a new 3,000 m2 training and research building at the CESI campus in Nanterre, Paris (the “Nanterre 2 CESI project”). The construction of the 4-storey building, which comprised teaching and research spaces and a high-tech “living lab” (for BIM, virtual reality displays, etc.) was planned for a 12-month period (between 5 May 2018, and 31 May 2019). An image of the new building (Nanterre 2) and the existing (Nanterre 1) building is shown in Figure 2. CESI, as client, specified the use of BIM for the design and construction of the Nanterre 2 building. Apart from its intrinsic commitment to the use of the latest available technologies, CESI also wanted the project as a case study that provided data for teaching and research programmes in digital construction.
[image: Figure 2]FIGURE 2 | Location of Nanterre 2 (new) and Nanterre 1 (existing) buildings on Rue Kléber.
3.1 The use of 4D building information modelling on the CESI Nanterre 2 project
In commissioning the Nanterre 2 building, the client, CESI, followed a similar process to that described in (the later published) ISO 19650: 2 (ISO, 2022). This involves the “appointing party” specifying, as part of its tender documents, a set of “exchange information requirements” (EIRs) which prospective appointees then reflect in their tenders, and which forms the basis (subject to pre-contract negotiation) of the appointed delivery team’s “BIM execution plan” (BEP). In this case, a BIM specification document (equivalent to an EIR) was produced that included 10 BIM use cases. These were:
• Site modelling;
• project communication;
• project review;
• analytical studies*;
• 4D BIM*;
• 5D BIM* (an application integrating the model with cost management activities);
• management of design conflicts and clashes;
• logistics support*;
• regulatory compliance checking;
• management of construction works and equipment*
Ultimately, however, for the works to proceed, it was agreed that the appointed delivery team could omit several (marked as *, above) of the BIM use cases. The main reasons for this were the deficiency of certain aspects of the requirements specification as well as the diversity in level of BIM expertise and maturity within the delivery team. One such omission was the requirement to provide 4D BIM. This being the case, and believing that it had sufficient in-house expertise, CESI decided to implement the 4D BIM planning of Nanterre 2 internally with the help of academic research teams that were familiar with digital construction. Their experience in doing so is the basis of the developmental research study reported here.
4 A PRELIMINARY SURVEY OF 4D BUILDING INFORMATION MODELLING PRACTICE IN FRANCE
The authors had obtained from the literature a general understanding of experiences in 4D BIM creation and workflows, as described above in Section 2.2. However, to establish the prevailing 4D BIM practices in France a questionnaire survey of the nation’s construction companies was conducted. The questionnaire, which was shared online, comprised three target areas of enquiry: 1) the 4D planning tools used by companies (and reasons for their choice); 2) the different use cases and applications for which these tools were employed; and 3) the strategy and methods used to implement them. The survey was conducted remotely from February to April 2020. Fifty-one BIM managers from different French construction companies completed the survey.
4.1 Software tools used
As illustrated in Figure 3, Navisworks (55% of respondents) and Synchro Pro (25%) were the most widely used BIM 4D products. The former was considered relatively easy to use, and functions such as operation control, conflict analysis, construction sequencing, and coordination between disciplines, were commended. However, respondents reported the need for considerable efforts in manipulating both the BIM model and the planning documents to combine their respective contents. Respondents who used Synchro Pro appreciated its functionality in integrating the planning process (with some reservations) but found the software rather difficult to learn.
[image: Figure 3]FIGURE 3 | Most used 4D BIM tools in France.
4.2 Use cases and applications
The results confirmed the recent literature findings (Staub-French and Khanzode, 2007; Mazars and Francis, 2020) discussed earlier, revealing that the use of 4D planning amongst most contractors was still limited and mainly restricted to creating and simulating 4D videos for communicating internally within an individual company and/or with the client. These video animations are usually non-interactive and disconnected from the progress and control of actual onsite works. Only respondents from the larger contractors, such as Vinci Construction France or Bouygues Construction, reported reasonable familiarity with 4D planning and its use on a wider range of applications that permitted greater interaction with the site delivery team.
4.3 Implementation strategies and methods
The survey revealed two main strategies for engaging with 4D BIM for construction project planning. The first is for a company to proceed “in-house” by selecting its preferred 4D software and acquiring a license, then to build its capability through training. The second is to outsource its 4D planning to a subcontractor specializing in the process.
Irrespective of the strategy adopted, two different methodological approaches to 4D implementation were in evidence. These generally related to the choice of software tool.
The first is that described by Hardin and McCool (Hardin and McCool, 2015) and relies on the use of the Navisworks “TimeLiner” module. The linking of digital objects (in the 3D BIM model) to their corresponding project tasks (in the construction schedule) can in theory be done automatically, but only if appropriate 4D parameters have been correctly created and entered in the original digital model. In confirmation of the literature (see above, Section 2.3), if this has not been done, or if the available 3D design model(s) were incompatible in terms of their LoDs (or any other way) with the detail needed for a working 4D model, then the inevitable manual process is considerably more time-consuming.
The second method is based on the use of Synchro Pro software and was developed by the iBIM team at Vinci Construction company, France. It involves 1) remodelling and restructuring the original 3D model into elemental objects that relate to the methods of construction (this could involve “splitting” or “joining” objects); 2) creating a task for each in the schedule; and then 3) linking each elementary object to its corresponding task. This results in a 4D schedule with a very high granularity, since each object in the original 3D model can be split into multiple 4D BIM objects (or joined into composites) according to the requirements of the onsite construction schedule. For example, an object within the original BIM model that represents a concrete slab could be split into several separate sections (corresponding to concrete pours) in the 4D schedule. Although this solution allows more precise planning, its main drawback comes from the need for the detailed breakdown, which is a manual, laborious and time-consuming process. For instance, as noted by one respondent, the 3D structural BIM model for a medium-sized project (of, say, €10 million) may have more than a thousand original building objects, making its restructuring a complicated and laborious undertaking.
4.4 Summary of the identified problem, and an approach to its solution
The difficulties encountered by survey respondents corresponded closely with the observations noted in the literature, summarised in Section 2.3, above. This suggests that current methods of creating 4D tools from 3D BIM models are either 1) relatively easy but not suitable for the full range of construction site planning functions (as in the case of the Hardin and McCool approach); or 2) reasonably suitable for such purposes in terms of their granularity but involve a laborious and time-consuming learning and manual conversion process. Furthermore, few studies have considered the actual implementation of 4D BIM planning and the corresponding processes involving many actors during the construction phase. The levels of maturity and expertise in using BIM amongst the project participants still varies considerably, whereas some actors have little or no experience at all in using BIM. This generates collaboration problems within the project and adds further obstacles to the ability to derive full benefits from BIM.
The practical requirement for the CESI BIM team to undertake the implementation of 4D BIM planning on the Nanterre 2 project (as described in Section 3.1) presented an opportunity to develop a workflow that addressed these concerns. The aim was to produce an approach to 4D BIM implementation that could enable creating a construction schedule of maximum functionality with minimum extra effort expended in data exchange. From a theoretical viewpoint, this approach includes and explains how the client should express, in a SMART way, their 4D BIM objectives and enables a four-step process for an efficient and practical implementation of 4D BIM. The CESI 4DBIM process, presented in the next section, describes and formalises the implementation of the 4D BIM use case between project actors, including the definition and selection of workflows and software required to its implementation, and enables four subprocesses, namely: 1) a clear expression of the 4D BIM objectives; 2) the identification of information requirements and relevant workflows to achieve these objectives; 3) the implementation of a project schedule; and 4) BIM model production to suit the 4D BIM use case. The results, which are presented here, could help project participants more fully to exploit the potential of 4D BIM.
5 A NEW PROPOSED METHODOLOGY FOR 4D BUILDING INFORMATION MODELLING PLANNING: THE CESI PROCESS
The material presented in the previous sections (findings from the literature review and from a preliminary survey) were used as a starting point for developing the approach taken to implement 4D BIM on the Nanterre 2 project. Following a four-phase process, this details the implementation of 4D BIM from its initial specification by the client through to the production and delivery of those requirements (Figure 4). This solution was intended to be simple and pragmatic. It comprises four phases, namely:
1. To express the 4D objectives in an initial BIM specification document;
2.To identify information requirements and relevant workflows;
3. To design a project schedule adapted for the use of 4D BIM;
4.To supervise BIM model production for the 4D BIM use case.
[image: Figure 4]FIGURE 4 | The CESI 4D BIM process.
The situation under which the CESI BIM team delivered 4D BIM for its Nanterre 2 project was atypical, and the work was conducted under the circumstances described in Section 3.1. Most of the activities that follow were performed by an independent research team made up of CESI academics with more extensive knowledge and experience of BIM than that of the appointed project delivery team. Under normal circumstances this work would have had to be the subject of some form of commercial appointment. Phase 1 would be undertaken by the client or its consultant, whilst Phases 2 to 4 would be performed by member(s) of the project delivery team (for example by the lead contractor or its sub-consultant). The following subsections present these phases as they were enacted by the CESI BIM team. After this, in Section 5.2 the process is extrapolated to a normal project situation and the activities are assigned to the typical actors in a French construction project. This is illustrated (in Figures 5, 6) in the form of a “responsibility assignment matrix” or “RACI (Responsible, Accountable, Consulted, Informed) matrix” (Cleland, 2007) for each of the two processes, i.e., 1) the implementation of a project schedule to suit the 4D BIM use case (Figure 7), and 2) BIM model production to suit the 4D BIM use case (Figure 8). In Section 6, there is a discussion of the implications of this for the way construction projects are typically organised, in France and elsewhere.
[image: Figure 5]FIGURE 5 | A ‘RACI’ matrix for creating the project schedule to suit the 4D BIM use case.
[image: Figure 6]FIGURE 6 | A ‘RACI’ matrix for BIM model production to suit the 4D BIM use case.
[image: Figure 7]FIGURE 7 | Process of implementation of a project schedule to suit the 4D BIM use case–Phase 3.
[image: Figure 8]FIGURE 8 | Process of BIM model production to suit the 4D BIM use case–Phase 4.
The four-phase CESI 4DBIM process is described below. It should be noted that, although generic role descriptors have been used where possible, occasionally it has been necessary to use French job titles. These, and their English equivalents (which are in some cases approximations) are provided in Appendix A.
5.1 The four-phase CESI 4D building information modelling process
5.1.1 Phase 1: To express the 4D objectives in an initial building information modelling specification document
The client’s role as appointing party is to express its BIM requirements—effectively a set of EIRs (ISO, 2022)—which should be as explicit as possible. In practice, a client may lack familiarity with construction techniques and/or BIM and so may require the support of an experienced consultant or project manager. Each of the BIM use cases required by the client were framed according to SMART (Specific, Measurable, Achievable, Realistic and Time-bound) objectives. For the 4D BIM use case, examples of such SMART objectives were:
• The contractor’s response to the invitation to tender must include 4D planning of construction methods for the works in a visual form that demonstrates its feasibility.
• The appointed Contractor’s BIM Manager is responsible for the provision of a 4D schedule for the construction phase and its submission to the client. This must allow for progress monitoring of the works at any time during their execution and include the work of all the project delivery team.
• The Contractor’s 4D planning solution must enable the identification of all co-contracting zones during the progress of the works with the objective of ensuring and optimising the safety of the site staff and operatives of the companies involved in the works.
This formulation of 4D planning objectives makes the client’s expectations explicit and should enable the Contractor’s BIM Manager to produce a set of detailed solutions—effectively a BEP (ISO, 2022)—for organising the production of BIM models (as referred-to in Phase 2, below).
5.1.2 Phase 2: To identify information requirements and relevant workflows
The next step was to determine all the parameters to be taken into account and integrated into the 4D planning. Typically, this would be done by a BIM Manager. This preliminary work is important because it helps explain to project contributors how to adapt their “traditional” deliverables (schedules and models) in order to be usable within the framework of 4D planning. To do so, the BIM Manager proceeds in three steps as follows:
Step 2.1: To convert the client’s objectives into SMART objectives if this has not been done in the specifications document. This is because non-SMART goals can be open to interpretation, unfeasible or incomplete.
Step 2.2: To determine what information is needed for the 4D BIM requirements. Where the 4D objectives require expertise that is beyond those of the BIM Manager (e.g., environmental risk management), additional experts should be appointed by the client at the request of the BIM manager.
Step 2.3: To draw up a functional and pragmatic strategy and formalise it in a BIM Execution Plan (ISO, 2022) (in French ‘la convention BIM’). This must specify: the digital tools and their capability in using the information; in which formats should the information be delivered; how the information should be produced, controlled and shared; and finally, what deliverables are expected.
5.1.3 Phase 3: To design a project schedule adapted for the use of 4D building information modelling
To ensure quality, optimal coherence and consistency between the BIM model(s) and the construction schedule, a working method is formalised (Figure 7), as follows:
Step 3.1: The provisional or final construction schedule (depending on the stage of the project) is obtained. This schedule will be the input to the design process described below.
Step 3.2: A meeting is held to review the general planning of the project and identify aspects such as complex construction methods, areas of high co-contracting, significant environmental risks, heavy traffic flow, and any factors that could represent health and safety risk for the project.
Step 3.3: Meetings are held as necessary to study in detail the scheduling of tasks. The synthesis of all this information will make it possible to propose a first solution that will then be integrated into the 4D BIM use case and using visualisation, then be validated or amended.
Step 3.4: These steps require both a knowledge of traditional planning and 4D BIM based planning tools. The appropriate parties (e.g., the contractor’s BIM Manager) is asked to verify that the BIM models have been modified according to the required granularity of the project construction schedule.
For the Nanterre 2 project, the initial schedule already included links between tasks. It therefore remained to determine a 4D parameter to be created so as to link the schedule to the BIM models to optimise its precision and facilitate the 4D process. Since the BIM model was created using Autodesk Revit software, a straightforward solution was to assign a text parameter “BIM_WBS” to all BIM model objects followed by the exact name of the individual planning task to which each must be linked.
5.1.4 Phase 4: To supervise building information modelling model production for the 4D building information modelling use case
As noted earlier, it is common for French project stakeholders to partially achieve only certain BIM use cases initially required by the client. This is partly due to the BIM maturity and expertise of some project stakeholders and partly to the disparity between LoDs required and available. A further important factor is the way the BEP was elaborated. For the use of 4D BIM, it often consists of a brief and summary description contained in a section that is less than one page length. The proposals below aim to optimise the content of the BEP to better elaborate and specify the implementation of 4D BIM.
Step 4.1: To explicitly mention the obligation to achieve 4D use, and above all what are its purposes. Thanks to the work done in Phase 1, 4D applications are easily understood using the SMART objectives identified.
Step 4.2: To detail which actor must perform or contribute to which task(s) in order to achieve the 4D BIM use objectives (Figures 5, 6). There are also two workflows whose products must be integrated, namely: 1) the implementation of a project construction schedule adaptable to the requirements of the 4D BIM use case (Figure 7), and 2) BIM model production to suit the 4D BIM use case (Figure 8).
Step 4.3: To indicate in the general process describing BIM model production when the tasks related to the 4D BIM use case must be performed. This must be done before the BIM models are checked and coordinated so that the presence of the parameters that link the BIM models to the schedule can be verified and production of specified deliverables can be monitored.
Step 4.4: The process of 4D BIM implementation needs to be very detailed to indicate to the project actors the method adopted. It should begin with a reminder of the SMART objectives envisioned; the modelling rules to comply with the rationale for model structuring and breakdown; the parameters to be created: when/who provides them; when/how the work will be controlled; the criteria for choosing 4D BIM software; when/who links the model to the schedule to produce the expected deliverables.
Figure 9 illustrates the result of 4D BIM planning using the CESI 4DBIM approach demonstrated on the Nanterre 2 CESI building.
[image: Figure 9]FIGURE 9 | 4D BIM planning of the Nanterre 2 CESI project using the CESI method.
5.2 The four-phase 4D building information modelling process: Hypothetical responsibility assignment
As noted previously the process described in Section 5.1 was a practicable solution in the circumstances but its execution was atypical. Under normal circumstances this approach would need to be implemented by the client, its consultants, or member of the construction team, often in cooperation. To illustrate this, a hypothetical responsibility assignment (‘RACI’) matrix has been produced for each of the two processes (construction schedule and BIM model creation) that need to be integrated. Responsibilities have been assigned to professional roles that are familiar in the French construction industry and are shown in Figures 5, 6. Names for these roles have been abbreviated, as is common in French construction parlance; the full titles and English equivalents are provided in Appendix A.
Clarifying and detailing the process and procedure for implementing any BIM use case (whether 4D BIM related or not) allows project participants to have a clear idea of the tasks to be performed. The more the production and control process is explained the greater the probability of achieving its objectives.
6 DISCUSSION, CONCLUSION, AND PERSPECTIVES
Traditional planning methods have been shown to be ineffective in many cases and as a result, construction project time and cost targets are rarely met. There is a consensus in the literature that BIM represents an opportunity to optimise planning methods. The effective adoption of 4D BIM can potentially reduce planning errors, promote collaboration between stakeholders, and help the project team make more effective decisions. It can facilitate the monitoring of progress to ensure that time and cost constraints are met.
However, it has also been noted in the literature (and confirmed in the case study presented here) that not all project teams are amenable to adopting BIM for project management. In the Nanterre 2 CESI case study, although the use of 4D BIM was required by the client, it could not be fully implemented by the contracted project delivery team. Instead, as described in Section 3.1, a CESI research team undertook the implementation of the 4D use case. This provided the opportunity for the CESI team to create the structured and practical approach described in Section 5.
Underlying the creation of a 4D BIM capability is the integration of a workable construction schedule with a 3D BIM model of the physical asset. However, to ensure effective integration, each element must be produced with a view to that integration.
6.1 Applicability of the proposed 4D process to normal industry practice
The context of the project, and the cooperation of the main contractor offered a rare opportunity for the academic research team to make a practical contribution to the project outcomes, whilst capturing the theoretical implications of their work through action research that informs theory. The proposed 4D method aims to enable an efficient and practical generation of 4D BIM construction schedules. It was developed and tested within a real world case study, the CESI Nanterre 2 project. It comprises a four-phase process based on: 1) a clear expression of the 4D BIM objectives; 2) the identification of information requirements and relevant workflows to achieve these objectives; 3) the implementation of a 4D BIM planning approach that permits the effective integration of the construction schedule and the BIM model; and 4) the development of BIM models suitable for 4D BIM implementation. However, as described in Section 5.2, the proposed method, if it was to be implemented in more typical circumstances, it would require certain levels of collaboration between key project actors. The two hypothetical RACI matrices (Figures 5, 6) show the required interactions between key project actors for effective integration of the two processes (construction schedule and BIM model creation). The collaboration of these key project actors is crucial.
The issue of collaboration is frequently raised when realisation of the benefits of BIM are considered. Increased collaboration is not only a prospective beneficial outcome of BIM adoption (Barlish and Sullivan, 2012); it is a prerequisite for full attainment of these potential benefits (Matthews et al., 2018). Thus, studies have suggested that the realisation of BIM’s key benefits relies upon the degree of collaboration achieved and that this is not achievable with traditional project procurement approaches (Ilozor and Kelly, 2012; Collins and Parrish, 2014; Vass and Gustavsson, 2017). Objectively, the adoption of 4D BIM provides very little added value without the necessary and timely integration of construction scheduling and BIM model creation; a process that is hardly possible in traditional project frameworks.
6.2 Overcoming the barriers to benefits realisation
The argument that the increased collaboration is not only a benefit from, but also a prerequisite for the full exploitation of BIM has prompted a reaction to traditional project procurement approaches. The procurement innovation that has been the most associated with the adoption of BIM is Integrated Project Delivery (IPD). In the United States, IPD originally emerged to address the shortcomings of the adversarial relationships associated with traditional procurement. Under IPD key actors from each discipline are present from project inception to work collaboratively and make collective decisions to ensure that the project design meets its requirements (Azhar, 2011; AIA National, 2012; Mesa et al., 2019). Such an approach would clearly address the fragmented development of BIM use cases and enable collaboration between key project actors (in this case, those responsible for the design and the creation of the construction schedule) as illustrated by the hypothetical RACI matrices in Figures 5, 6. Regrettably, it appears that the adoption of an IPD approach remains a radical and risky option for clients (Kent and Becerik-Gerber, 2010) despite the proposal of various financial devices to overcome the commercial reluctance towards the early appointment of contractors (Jung et al., 2012).
A less radical solution is the creation of a new role with the capability to cope with the effective integration of the construction schedule and the BIM model by ensuring that their respective LoDs are complementary. This resonates with a Swedish study (Vass and Gustavsson, 2017) that recognised the need for new consultant roles, such as BIM project managers and/or BIM coordinators. In the French construction context this would be the appointment of an Assistant à la maitrise d’ouvrage (AMO) with a specific mandate, i.e., an “AMO BIM” for overseeing the complete 4-phase process developed in this study.
6.3 Limitations, possible improvements, and future work
The approach to creating a 4D BIM use case described here is the product of unusual circumstances that permitted the CESI BIM research team to intervene in a project and design an idealised approach to 4D BIM adoption. To replicate this on a typical project would not be easy for reasons explained in Section 6.1, above. Possible strategies for overcoming these difficulties are proposed in Section 6.2.
Furthermore, the case study presented was set in the context of the French contracting system which differs in many respects from systems in other parts of the world. Nevertheless, the authors consider that the observations and conclusions are, mutatis mutandis, generally applicable.
The Nanterre 2 CESI building has been open to students since September 2019. Operation and maintenance management of this building is expected to be implemented using BIM technology. To do this, it is essential to implement and use a classification system such as Uniclass 2015. This system also allows the classification of physical objects using the “Entities,” “Elements,” “Systems,” and “Products” tables, as well as construction processes and activities through the “Activities” table. Consequently, it allows a simultaneous integration of PBS (Product Breakdown Structure) and WBS (AIA National, 2012) and therefore an implementation of BIM for operation phase in which the building objects are linked to their respective operation and maintenance activities. This ontological link between objects and activities should also enable standardisation and automation of 4D BIM planning and simulation for both construction and operation phases.
Sacks et al. (2010) proposed a matrix that contains 56 interactions between Lean methodology principles and BIM functionalities to clarify possible synergies between the two methodologies. Use of this matrix should be investigated as a starting point for improving the proposed method to enable better streamlined and optimised workflows proposed in this paper.
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French role

Maitre d'ouvrage
Maitre d'ceuvre

Assistant 4 la maitrise d'ouvrage
Ordonnancement, planning, coordination
Coordinateur santé et protection de la sécurité

Assistant a la maitrise d’ouvrage BIM

Abbreviation

MOA
MOE
AMO
orc
Csps
AMO (BIM)

English equivalent

Client, employer, owner

(varies) client’s representative, project manager, architect, engineer
Onssite assistant to the above

Consultant planning specialist (unusual in United Kingdom context)
Health and safety consultant. planning supervisor

BIM manager
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