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Abstract

:

This study presents an investigation into the extent to which emerging building information modelling (BIM) can be applied to construction logistics management (CLM). Given the specialist nature of the domains, the study employed an in-depth qualitative interview, whereby six experts were interrogated about their experiences of BIM for CLM. The study found the main applications of BIM on CLM to be the creation of three-dimensional (3D) site layout plans and four-dimensional (4D) coordination of site processes and common user plant, updating the 4D logistics plan as the project progressed and collaboration in BIM-based logistics coordination. Furthermore, there was a consensus amongst interviewees on improvement in site safety, comprehension of logistics information, efficiency on site, and effectiveness of layout planning as the main benefits. Lastly, the lack of training with implications on understanding was one of the main barriers to applying BIM to CLM. The findings from this study have the potential to stimulate the uptake of BIM by construction logistics practitioners. By so doing, the performance construction project delivery can be improved, and waste can be minimised or eliminated.
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1. Introduction


Building information modelling (BIM) represents one of the most exciting and disruptive developments within the global architecture, engineering, and construction (AEC) industry. BIM can be difficult to define, even by those involved in the development of its systems. However, the description of BIM as getting the correct information to the right people at the right time has been often repeated within the construction industry since its introduction [1,2]. The adoption of BIM-based working has been accompanied by numerous potential efficiencies and cost improvements being advertised, alongside latent reductions in construction waste, in industry publications and literature alike [3,4,5,6].



Construction logistics management (CLM) and BIM have often been defined in a very similar way ([7]). From a CLM perspective, many authors [8,9,10,11,12] have defined it as the right resources (tools, materials, and operatives) delivered to the right location at the right time. On the other hand, Munir et al. [13] characterised BIM in a similar way, as the right information delivered in the right format and at the right time in a BIM process, from tendering to asset operations. On the basis of these characterisations, it can be inferred that CLM and BIM are about timely delivery of resources—construction materials for the former and information for the latter. Essential aspects of CLM include ensuring time efficiency, the coordination of deliveries to the site, the layout of the site itself, and the distribution of material resources from point of delivery to work phase [8,14]. Many studies have revealed that the management of these factors as the project progresses has a positive effect on labour output, efficiency, and construction waste [9,10,11,12,15]. This has been bolstered with the advent of BIM, which has further enhanced the benefits of a proactive CLM approach, pushing construction logistics practices towards optimum efficacy [16,17] when both are integrated. Yet, the degree to which integrated BIM–CLM is employed in practice in managing on-site construction activities remains unclear.



This study aims to investigate the use of BIM for CLM and understand the extent to which BIM systems are being applied to logistics management of large projects, with a focus on the city of London. Through this inquiry, a more detailed picture of how BIM is currently being adopted to support this discipline and the benefits being experienced by those managing the construction logistics processes is developed. Furthermore, this research aims to provide an understanding of the issues that accompany the adoption of BIM for construction logistics management and any barriers associated with increasing the application of BIM to CLM where beneficial. This has provided insight into the adjustments that must be made in order to fully capitalise on the potential improvements in efficiency and reduction in waste, which this technology can offer. To facilitate understanding, the remainder of this work is divided into five sections. A review of CLM and BIM is conducted in Section 2. In Section 3, the methods used in this investigation is presented. Section 4 focuses on the data analysis of the study. Building on the analysed data in Section 4, the discussion and recommendations are presented in Section 5. The study concludes by way of a summary in Section 6.




2. Literature Review


2.1. Logistics Management in Construction


The productivity of the construction site workforce greatly depends on the necessary tools and materials being delivered promptly—an aspect enshrined in CLM. From a business angle, logistics is generally considered the movement, storage, and delivery of materials and equipment for the purpose of ensuring the right item is in the right place at the right time [8]. On the other hand, in the field of transport, “logistics” is defined by the Chartered Institute of Logistics and Transport as the process of designing, managing, and improving supply chains, such as manufacturing, purchasing, storage, and, of course, transport [18]. Similarly, from the built environment angle, logistics management involves the strategic storage, handling, transportation, and distribution of resources, as well as the planning of a building site’s layout and the active management and evolution of the site layout as construction processes unfold [14]. Akinci et al. [19] and Guerlain et al. [20] argued that enough space for big trucks to perform manoeuvres and unloading operations, and effective management of conflicts of space and time between resource movement and storage, are factors that can ensure easier accessibility and fluidity of sites to site workers, as well as plant and delivery operators. Furthermore, the coordination of the vehicle and material movement routes necessary must take into account the location, shape, and size of fixed and temporary facilities during each phase of the site for fluid construction sites without hindrances that negatively impact productivity [21]. Similar to most Western countries, the United Kingdom (UK) generated a total of 200 million tonnes of waste, with over half of this generated by the construction industry in 2012 [22]. Poor management of logistics is a major contributor to construction waste, and much of this comes about through poor material management [23,24]. Typically, 10–15% (and up to 45%) of the total materials ordered for a project are either left unused or end up as waste by the end of the project [9]. This waste, however, is not only limited to the tangible debris disposed of during a project, but also extends to the labour and resources required to manage these wasted materials. In a study completed by Josephson and Saukkoriipi (as cited by Johansson [25]), operatives spent 10% of their time waiting on site for materials to arrive. The cost of this wasted time, plus the cost associated with the ordering, delivery, storage, and movement of these goods prior to their identification as redundant or damaged can, therefore, be substantial.



Through better management of the supplies delivered to site and a decrease in this waste material, a reduction in the overall waste generated by a construction project can be achieved. More efficient management of construction materials through better logistical practices presents an opportunity to improve industry productivity levels [26]. These improvements combined will enable the construction industry to shift closer towards the UK Government’s targets for 2025. Traditionally, within the construction industry, logistics has not been a major focus, and each contractor taking part in a project was deemed responsible for their own individual supply chain, to provide the materials and resources defined by their scope of works [15]. This transfer of responsibility for logistics to trade contractors has conventionally been supplemented by the main contractor through the employment of agency staff to sufficiently resource remaining general on-site logistics requirements such as housekeeping, hoist operation, and management of site welfare facilities [14].



However, the employment of specialist contractors to take on the responsibility of logistics management is becoming increasingly common and considered a best practice approach to large construction developments [27]. The specialist logistics contractor (SLC) provides the benefit of a central point of contact for issues that affect the entire site, rather than specific trades only. Their role on the construction site means that much of their workforce is multiskilled, resulting in a team that presents a more effective means of controlling the tasks associated with material offloading and movement, waste management, and general site health and safety issues [14]. The improvements offered by a multiskilled logistics team mean that the use of an SLC can present substantial cost savings to clients despite the initial outlay. Trade contractors can typically spend around half their time unloading and moving materials, and the provision of a dedicated and qualified team of operatives to take on this responsibility results in trade time being more effectively spent. Combining this with the systemisation of material delivery management, the provision of a specialist logistics team can result in significant increases in trade contractor productivity [14,28].



As developments get larger and the complexity of supply chains becomes greater, logistics as an aspect of construction management has quickly become a key feature of preconstruction planning for complex schemes, as well as mainstream housing and fit-out developments [9]. The construction industry needs to manage its logistics creatively to meet demand safely and efficiently [29]. A number of methods available for managing the movement of materials to and around a construction site were covered in Whitlock et al. (2018) [30]; hence, they are not duplicated here.




2.2. Building Information Modelling for Logistics Management


With the assistance of BIM data, the burden of materials management on construction sites can be reduced, decreasing the risk of theft and damage, and streamlining site logistics [31]. Utilising contemporary laser scanning technology, existing buildings and areas surrounding a construction site can be accurately recorded and converted to a building information model, providing a contextual understanding for design and logistics planning [32]. BIM software supports the development of detailed three-dimensional (3D) plans for crane logistics, material staging areas, vehicular traffic/access, and material hoists [33]. Two emerging technologies that can aid in detailing 3D plans for logistics planning are Dynamo and 3D laser scanning. A fundamental process in space planning commences by defining the outcome and dividing the process into small steps—nodes (e.g., rooms and spaces, or components and assemblies)—which in turn are pieced together in a logical way to describe what it is the user wants to create [34]. This is analogous to the underpinning principle of Dynamo, where its definition or graph is the outcome, likened to sentence syntax in speech, creating a legible sequence and structure to define how data flows through nodes and their ports to achieve a desired result, be it writing to a known parameter or creating a new shared or project level en masse [34]. A study by Gebru and Staub-French [35] revealed how Dynamo can be used in space planning—an aspect of logistic planning. The beauty of Dynamo for logistics site management lies in the fact that, once site logistics are modelled in Revit, custom Dynamo graphs can help gain visibility into the model data, which is not possible with conventional non-BIM methods. Typically, a virtual design and construction (VDC) coordinator would have to generate a PDF or export a schedule from Revit to help the non-VDC team members review model data; however, any time data are disconnected from the model, there is a risk of referencing outdated information [36]. With regard to 3D laser scanning, Moon et al. [37] conducted a study about how point-cloud data from 3D laser scanners can be used in planning automated equipment operation planning on civil engineering work sites—an aspect of logistics planning.



Four-dimensional (4D) BIM allows proposed construction logistics plans to be contextually examined against three-dimensional site layouts and construction work schedules. This enables simulations of when and where site activities will take place within a 3D virtual environment. Through 4D BIM, logistics planning allows potential conflicts and inefficiencies to be easily identified at the outset of the construction process [21]. Linking the 3D model with construction activities through a 4D model (See example Figure 1) allows the site layout to be dynamically planned and site space to be suitably coordinated and allocated [38].



This data-rich virtual environment can allow the development of site layout plans to be automated, reducing the requirement for site layouts to be manually coordinated and updated [40]. The visual simulation offered by 4D BIM facilitates a contextual understanding of the proposed construction methodology, allowing non-professionals a clear understanding of site processes and, in turn, improving site safety [21,38].



BIM technology can enable logistics coordinators to manage demand smoothing with more control and precision. The production of construction drawings during the design process can no longer be considered a series of repetitive isolated tasks. The data-rich models produced through BIM-based design can lead to a more comprehensive analysis of the proposed structure; consequently, optimal solutions can be iteratively identified [41,42]. Combined with 4D BIM, a connection can be established among accurate material quantity data, the defined time by which each delivery is required for incorporation into the general structure, and the exact location the materials will be required. This presents a powerful tool for smoothing construction activity demands and improving the efficiency of delivery management systems [43,44]. BIM scheduling software also has extensive applications to the construction consolidation centres (CCCs) and supply chain management for material logistics administration. The integration of supply chain management techniques with the 4D model data enables the supply chain process to be visualised and the flow of materials to be monitored [43,45]. A consistently updated 4D building information model can enable a logistics coordinator to identify the exact quantities of each material required (or already installed) on the project at each stage. Depending on the level and quality of data available, this would facilitate the production of scheduled inventories for specific points in time, whether daily, weekly, or monthly. Through this process, the deliveries both to and from a project’s CCC can be streamlined for optimum efficiency and accurate management. Rebolj et al. [45] pointed out that the tracking of material flow to and within construction sites is insufficiently supported by information and communication technology (ICT) tools.



In spite of this, Azhar [46] argued for BIM as a tool with a great potential for easy extraction of quantities and shared properties of materials from buildings. Such abilities have been well exhibited by 4D (time) and 5D BIM software systems [47,48]. Yet, the current literature scarcely mentions the use of BIM software for quantity take-offs from BIM models in a time-linked format for delivery consolidation, despite its ability to do so. The potential is even greater in offsite manufactured buildings where standardised components/quantities are easily linked to time [49]. BIM is considered to be critical to the successful implementation of an offsite manufacturing scheme [50], and its design software packages have extensive applications to offsite manufactured buildings [51]. Current technology enables a close coordination between different construction disciplines, allowing the prefabrication of building models that incorporate and integrate multiple building systems [52]. This, in turn, moves the design and construction process further towards manufacturing and, consequently, reduces the waste associated with poor material logistics [53]. By extension, just-in-time (JIT) delivery can also be improved, and the method can be extended to just-in-time production using BIM design software [12,54]. Engineered-to-order components can be produced later in the programme, reducing the waste associated with multiple handling, damaged and lost parts, and goods storage. BIM design software improves the ability of designers and fabricators to produce detailed shop drawings at short notice, allowing swift adaption in the event of design changes and decreasing the costs associated with late revisions [52].



What emerges from the preceding review is that much of the research surrounding the application of BIM to CLM was predominantly focused on the development of 4D BIM site layout coordination and the reduction in delivery requirements through design, such as off-site manufacture. It is clear that BIM potentiates many advantages in CLM and has a large number of applications to the coordination and management of the various disparate site processes that traditionally keep a site operational. However, the extent to which these various applications of BIM to CLM are actually being employed on current construction sites is unclear. There are a number of CLM tools that can be improved or facilitated by BIM systems. For instance, the research did not find any examples of “on-site marketplaces” actually in use, despite their recommendation by waste reduction organisations. It is possible that these can be more easily established through the extraction of detailed inventories from a well-developed BIM model, as identified by Azhar [46]. As Irizarry et al. [43] pointed out, current delivery management systems can also be made more efficient. The acceptance or rejection of deliveries is reliant on the knowledge of the project management individual(s) overseeing that element of the process; therefore, it is potentially exposed to human error and lapses in judgement. It is possible that these issues can be better managed through linking the delivery management system (DMS) tool to a 4D BIM, where combined spatial and temporal data are already incorporated within the model, and the policing of inefficient delivery practices can be simplified. A number of improvements in efficiency and reductions in material handling can be made through interconnecting these systems. Studies about such interconnecting systems between BIM and DMS are scarce [55].



Furthermore, BIM-based working procedures and guidance documents actively encourage collaborative working practices. Collaboration among a construction project’s participants is essential for its effective delivery (BS 1192:2007 [3]). Yet, despite the high number of stakeholders involved in the coordination of common user plant (cranes, hoists, etc.), the delivery and storage management of materials and the focus on collaboration in CLM are seemingly lacking within both research papers on the topic and relevant codes of practice.





3. Research Methods


A combination of qualitative and quantitative methods was used to conduct this study. Firstly, given the exploratory nature of the study, qualitative research in the form of semi-structured interviews with individuals involved in 4D planning and BIM-based logistics management processes on projects in London was used. Since the interviews were recorded before transcribing and since this study is part of MSc research, the data collection approach was approved by the research ethics committee of Oxford Brookes University. Furthermore, participants were explained the purpose of the research and sent a consent form, which all of them completed and returned to the researcher before interviews were conducted, in compliance with Oxford Brookes research ethics requirements.



The research focused on specialists in the field of construction logistics that are simultaneously involved in BIM-compliant projects in Greater London. The choice of Greater London as a location focuses the study on one of the most pertinent locations of the UK construction industry with respect to CLM policy. London is one of the most highly populated and most congested cities in the world [56], a challenge that is further compounded by its challenging street layout [57], which leads much of the UK construction in policy changes to improve logistics efficiency; most of the construction logistics plan guidance documents available at the time of writing are published either by Transport for London or borough councils located in the city [58,59]. Therefore, by focusing the study on this specific location, it can be presumed that the study focuses on one of the most forward-thinking areas of UK construction logistics management.



Furthermore, the intent of this study is foundational in nature. BIM is relatively new to the construction industry, and, although many of its applications to CLM were identified to some extent within the literature review, it is unclear how many of these applications are being employed on current and active BIM-compliant construction sites in the UK. Considering the relatively new introduction of BIM to formerly established construction processes, there is a possibility that there are further applications to CLM that have not yet been identified or fully developed, thus appearing in the current literature to a limited extent only. The qualitative research method provides a detailed snapshot of the current synergy between BIM and CLM on active projects in an area that can be considered at the forefront of construction logistics.



Secondly, to further investigate the extent of the application of BIM in CLM, a structured quantitative questionnaire method was used. While the qualitative method was used for all research objectives, the qualitative method focused on BIM applications in logistics management, issues experienced using BIM for logistics management, and improvements experienced using BIM processes for CLM. These three parameters are quite important for BIM applied to CLM; as such, the quantitative technique was used to corroborate findings from the qualitative method.



3.1. Research Design


Semi-structured interviews with eligible individuals were based on a format that revolved around five primary questions. For each question, a number of potential follow-up questions were prepared in order to ensure that all relevant topics were covered by the interviewer during the discussion with each interviewee. First, the primary question was posed, and the interviewee was free to take their response in any direction. This permitted the respondent to cover the issues they considered most important. Following their response, where particular topics were not covered in their initial answer, the follow-up questions were posed for the purpose of ensuring no issues were overlooked. Follow-up questions were prepared as cues for the interviewer and, depending on previous responses, were not always posed verbatim. Keywords in each follow-up question were prepared in bold text in order to be seen at a glance, thereby ensuring that the conversational flow of the interview was not stifled. Furthermore, where topics were covered in initial responses, the relevant follow-up question was duly omitted to avoid repetition and ensure that the flow of the discussion remained consistent throughout the interview.




3.2. Interview Recording and Transcription


Where interviews were conducted in person, a recording was taken using a portable Dictaphone (Olympus Model VN-541PC) and transferred to a computer following the interview. The Olympus Model VN-541PC manufactured by Olympus was bought from a shop in London in the United Kingdom. In the case of one interview held via telephone, the call was made via Skype desktop software and recorded using a third-party call-recording application (‘MP3 Skype Recorder’). The MP3 Skype Recorder was bought from DOMIT Ltd. London in the United Kingdom. An “intelligent verbatim” approach was utilised for transcription, whereby false starts, stutters, and filler words/sounds were omitted. Full sentences were formed retaining the content and context of the interview. In some instances, sentences/questions were left incomplete, due to either the interviewer or the respondent predicting the rest of the sentence and beginning to respond. These half-sentences were retained to provide context, and an ellipsis (… ) was added.



Prior to interviews, a number of large construction projects in central London were identified. Inquiries were made in order to source the contact details of individuals involved in either the preconstruction planning or logistics management process of those sites. The aim of this exercise was to gain as broad a range of perspectives in this area of the industry as possible; therefore, efforts were made to ensure each of the interviewees came from different, but related, backgrounds in the industry. These included individuals representing specialist logistics contractors, 4D BIM consultants, and site-based main contractor staff in project management, logistics management, and planning positions, as well as those overseeing overall main contractor BIM adoption. Due to the Greater London focus, there was some crossover among the respondents with regard to the developments they were involved in. Over the course of the selection process, 18 individuals were approached by email, telephone, or LinkedIn message. An interview expected to last 20–30 min was requested regarding their experience using BIM for CLM. Six individuals (A, B, C, D, E, and F) responded positively and participated in the interview.





4. Data Analysis


4.1. Involvement of Respondents in 4D BIM and CLM


Table 1 offers details of the number of projects that each respondent was involved in that used BIM for CLM, as well as the types of development featured in these projects.



There is a high degree of variation in Table 1; however, this is almost certainly reflective of each individual’s differing role and position in the industry. For instance, Respondents B, E, and F are in roles where they would be retained by the main contractor on a single project from its commencement until its completion; conversely, Respondent C oversees all UK projects for a main contractor and, therefore, the number is considerably higher.



Similarly, Respondent D is involved in the production and supply of 4D site plans to main contractors and developer clients. The preparation of these is a primary service that his company provides; therefore, it is not a surprise for Respondent D to have been involved in a very high number of such projects. The high frequency of 4D site plan creation by this firm (approximately one project per week) is, however, a positive reflection of the industry. It is encouraging that such a large number of major projects are utilising 4D BIM to coordinate common user plant and temporary site processes.



The quantitative questionnaire was dispatched to 170 professionals working in the construction industry. Of these, 69 responded, representing a response rate of 40.6%. This is significant, given that a response rate between 25% and 35% is considered acceptable in the construction industry [60]. The experience of the respondents is presented in Figure 2.



According to Figure 2, the respondents had more experience in construction, followed by CLM and then BIM. This is not surprising as BIM is still emerging and still facing resistance to adoption.




4.2. To What Extent Has BIM Been Used for Logistics on the Projects Respondents Have Been Involved in


Respondents were queried on the extent to which BIM software and systems were applied to the logistics process on construction projects they were involved in, and their response informed the subsequent questions in each interview.



4.2.1. Creation of Three-Dimensional Site Layout Plans and 4D Coordination of Site Processes and Common User Plant


Respondents were asked whether the projects they were involved in had 3D site layout plans prepared, and whether these were used for 4D coordination of logistics processes such as the installation, movement, and removal of common user plant and installation of hoarding.



All respondents indicated that at least one of the projects they were involved in included both the development of three-dimensional site layouts and the preparation of four-dimensional logistics coordination plans, to varying degrees of detail, as part of the preconstruction process.



Among those interviewed, there were no instances of 3D site layouts being produced without time-based data being added for 4D site coordination. However, depending on each respondent’s relative position within the industry, their access to and involvement with such information varied.



In each instance, the 4D BIM model was predominantly used to visualise and coordinate the installation and removal of common user plant such as tower cranes and hoists. In some interviews, further uses were specifically referenced, such as visualising the installation and movement of site boundary hoardings (Respondent A), delivery and installation of large permanent plant items such as hospital equipment (Respondent C), and delivery and distribution of general materials (Respondent B). Respondent C also detailed the use of Synchro 4D BIM software to coordinate the delivery of materials via train on rail projects.



Furthermore, in reference to the above applications, Respondent D asserted the need for these 3D logistics objects to be modelled to a high degree of accuracy:




The area that you’re looking at is plant, temporary works, and logistics. The interface with them, dynamically, in time, with the permanent works is what you’re looking for. So, therefore, the accuracy of those plant, temporary works, and logistics has got to be there… That’s critical. Absolutely critical.





It was explained, by Respondent D, that good 4D logistics planning was reliant on these three-dimensional objects being an accurate representation of the real object being used on the site, and that effective time/space clash detection could only be achieved by plotting everything out in detail and modelling everything to the millimetre.



Conversely, Respondent F maintained that preparing much of the construction logistics information in 2D was necessary to ensure clarity and properly communicate the finer details of the logistics methodology:




… the finer details you’ll get in the 2D, where everything is more descriptive. You need to tell the clients “Okay I need this site boundary to be this big” and how you give that to the client is with a 2D drawing. You don’t give it to them with a 3D model.






4.2.2. Updating the 4D Logistics Plan as the Project Progressed


Following a positive response regarding the development of 4D logistics plans, respondents were asked whether these were kept up to date with any amendments to the programme and changes to site layout and conditions. The purpose of this was to discover whether, on occasions where unforeseen circumstances caused changes to the initial plan, those with access to the 4D model returned and edited it to reflect the new circumstances. In only one instance was this the case. Respondent B described a situation where the 4D BIM model became a point of reference for the project team and was constantly revised and streamlined depending on the situation out on site, with feedback from trade contractors:




… that’s constantly being updated… [the planner has] gone away and is remodelling that as we speak, just to make sure “does the sequence work?” and then feeding that back into the programme, rather than the other way around: doing the programme first and feeding into BIM. We’re working it on the model to go back into a traditional programme.





Respondent B claimed that the application of the 4D model as a point of reference for logistics coordination led to drastic improvements in delivery efficiency. Respondent B described the experience of continually returning to and reworking the model in order to maximise the volume of deliveries they could get in and out of the site gates. The original capacity of one delivery per half-hour slot was increased to between four and five deliveries in the same period, through the application of 4D BIM-based delivery coordination.



This, however, did not appear to be a typical procedure. For others that were developing or working with 4D logistics plans, it seemed to be an uncommon practice to return to the 4D BIM model. Respondent F argued that the absence of this practice on their site was due to the excessive resources required for effective execution:




Let’s say you have a team and you have a 4D resource, a 4D person, allocated to just doing logistics, that would be great. That person would be doing logistics every day, Synchro models and visualisations, and that is something you could do on a couple of weeks or couple of days basis, or weekly basis—but… there’s heavy resource needed in my opinion. You need a lot of input; you need a lot of time to get these things right. It’s very time-consuming.





Respondent D described a situation of developing the baseline 4D models and handing them over to their main contractor client; however, the question of whether these were adapted by the main contractor following that initial hand-over was described as a “hot topic”. It was mentioned that these models were set up for the main contractor to have flexibility and efficiency to adapt to change as it occurs:




A lot of the time it gets handed over and fair enough they use it to iron out all the issues pre-start and when they’ve just started, so it is valuable. But, once it’s there, and given the process, it should really be kept up to date. There’s not a lot involved in doing that.





Respondent D further reiterated that keeping the model up to date was an area where the use of BIM could be improved or increased in its application to logistics management later in the interview.



Respondent C, from the point of view of overseeing BIM adoption for a large number of projects on behalf of the main contractor, described a situation where the 4D logistics plan was not being updated following its initial preparation:




What I tend to see is: “This is how we’re going to perform the logistics” and then whether it’s kept up to date… I’d love to say “Of course it is”, but I haven’t seen that.





Given the benefits described by Respondent B, it is discouraging that the process of returning to the 4D BIM model, to revise the logistics plan for present and future site coordination, is so rarely applied.




4.2.3. Collaboration in BIM-Based Logistics Coordination


Respondents were questioned on their experience in collaborative methods of working with regard to BIM and CLM, notably in reference to trade contractor involvement in 4D logistics management processes and sharing of 3D models and associated information, both prior to and during construction works.



With the high number of projects utilising BIM for CLM identified in Table 1 above, it might be expected that the managing director of an SLC such as Respondent A would have overseen a high number of projects that utilised BIM-based systems for logistics management and coordination; however, this was not the case.



Respondent A indicated that there was only one memorable (and recent) instance where he received three-dimensional logistics information.



Respondent A explained:




Jobs where we’ve actually had it in the beginning are absolutely minimal. We are slowly seeing it creep into tender documentation. We had a recent project where the document included a fly-through model (animation)… But, to be honest, there would be a handful of times where I’ve seen that before… the majority of projects where we get the logistics plans, relating to programme as well, are all just 2D.





This was a surprising result given that this contractor was employed on a number of developments that were listed on the website of Respondent D’s BIM consultancy as projects where 4D logistics plans were completed.



During the interview with Respondent F, it was explained that, although large static plant items, such as cranes and hoists, were incorporated within 4D BIM to illustrate their proposed methodology to the client, more detailed logistics information remained in 2D format to ensure clarity:




At the beginning of the project, we did the Synchro model, but it was a visual on how everything gets built. And that’s great because you give it to the client and you tell them “Okay, this is how we’re going to build it”… in the 3D model that we present to the client, we’ll have the tower cranes going up, when the tower cranes go…






… but the logistics is purely only 2D. So, it’s not being done in 3D… the finer details you’ll get in the 2D, where everything is more descriptive…





When probed on why 4D BIM information was rarely issued to the SLC, Respondent A reinforced this suggestion:




[4D information is] certainly something that would add value to all our projects, but the best way of adding value is disseminating it to all the trades, so they get to have a look at it and it’s not just kept in isolation… maybe they’re just using it for visuals or as a marketing thing with clients…





As a representative of a main contractor, this explanation was mirrored by Respondent B:




… you could almost say it’s like a marketing tool. It gives you a good overview of the job, it doesn’t give you so much the detail … We’ve done sort of six-minute videos, so it gives everyone a broad idea of what we’re actually trying to achieve out on site… we would’ve done all the 3D and the 4D models, and we’ve done all the fly-throughs but then we just make it a 2D paper exercise for the sake of tendering… so that’s probably what everybody gets. When they come in for the tender interviews, we might show them on the screen… but it does tend to be part of the package that it’s more 2D drawings.





The above approach does not seem to be a constructive method of collaborative working. Open access to information is a foundational element of best practice BIM protocol, yet it appears that the 4D model is rarely directly shared with those that may be pivotal in ensuring its feasibility.



Collaboration among the various parties involved in a construction project is a fundamental principle of BIM systems. Respondents were asked whether there was any collaboration between trades and main contractor in the application of 4D BIM to CLM.



In all but one instance, respondents described at least one occurrence of collaborative involvement where trades were invited by the main contractor to view the 4D BIM model. It was reported that this was for the purpose of improving the efficiency of proposed logistics plans, identifying elements of the 4D model that conflicted with their work, and providing a clear overview of the planned sequence.



Respondent D:




We want to work with the trades! We want full visibility, transparency with the team. We want everyone to look at it. We want the team to feed their ideas back into the logistics or the programme, and that’s how I think it should be done.





Respondent F explained that, on their own project, they utilised the suppliers’ input during the earlier planning stages:




… you invite all your different suppliers, because, before you start on site, you need a very good idea of how you’re going to build the thing so, yes they did have an input… you know where the hoist is going to go, and the tower cranes are going to go, but to a limited amount of information. You probably know, like 80% sure, everything, but things change.





Respondent E described the experience of inviting the proposed crane operators to access the 3D model within a virtual reality environment: to make sure that the driver can see what he’s doing, where the banksman is going to be stood, where it is going to slew to.



Access to this same virtual reality environment was also extended to the resident cladding contractors so that they could gauge the expected site conditions when they arrived on site:




It was like going into a time machine almost; you could go forward in time and know exactly what the site was going to look like… so, the cladding guys, they did a bit of playing around with it… They would have a model and they would go on their floor plate, walk around their floor plate, put their cranes out, their launching tables, and see where they’re going to be.





However, this virtual reality-based collaborative involvement was part of an experimental system on a forward-thinking construction site. It should be recognised that this was an atypical application of collaborative working methods.



With the exclusion of the SLC (Respondent A), all individuals interviewed experienced situations where the trade contractors were invited to view the 4D model alongside their peers on site during the construction stage to offer professional input on potential issues and possible methodological improvements. It should be noted that, in some instances, it was not clear whether this was being applied to logistics management or simply an example of general coordination and interfacing between trades. However, Respondent B described a scenario that was specifically aimed at logistics coordination:




… so, now we’re talking… as to how best to use all the logistics routes and the canti-decks… we are trying to minimise the amount of crane time, and also the amount of canti-decks by getting all three of them [the specialist trade contractors] together and all working through the model…





It seemed the case that, generally, respondents believed that the frequency of these collaborative coordination sessions should be increased, and that their application to logistics should be improved.



Respondent D said:




Well it often is that way, what with it being new technology, and a different way of working; implementation among a full team is… I’m not going to say rare… but it’s not uncommon for it to be not utilised to its maximum which would be getting it in front of the trades and anyone who’s involved in the project, getting their eyes on it…





Respondent B reiterated this:




… is that something that the main contractor should be leading? It was a perfect example this week… Everybody was in the room looking at the screen trying to work out the solution by looking at a model which is three months in the future—do we do that with everyone? No, we don’t. And again, do we do it coordinated like that? Not very often. We’ll still have our logistics meeting week by week, and that is on a 2D drawing just in front of everyone.





Furthermore, four of the five individuals interviewed discussed the point of increasing the involvement from the SLC in the 4D logistics planning process, and they believed that the process of coordinating the site would be improved by doing so.



Respondent A, as a representative of a SLC, said:




I don’t know if there was another [logistics] contractor involved… [but] obviously the amount of gates, even hoisting, getting materials to the point of use, etc. and the labour involved—it certainly would help to get early contractor involvement.





Respondent B, as a project manager working on behalf of a main contractor, said:




I think we could probably work a little closer with our logistics team in terms of the sort of BIM or the 3D modelling. We tend to do it all in house, and then just tell our contractors or our logistics provider, instead of them driving us… I think it’s an industry problem that what tends to happen is the main contractor gets the job, does all the plans, and then you go to tender and try and get a logistics contractor. Rather than the other way around and trying to get a logistics contractor in first, and working alongside in some sort of partnership, or collaboration, before the job has even been tendered.





Respondent C, from the position of overseeing multiple projects utilising BIM systems, agreed:




We always say we should be working earlier with all of our sub-contractors, and, of course, when we actually get to the point, it’s always a bit too late… The nature is “let’s get someone to do the logistics for us and we can pass the risk down the line” and I think that if we work consistently with a logistics contractor, we can start to bring these things in. And we’re trying to do that with our supply chain, we are narrowing down our preferred supply chain, we are prequalifying on their capabilities for BIM. But… with the pre-qualification questionnaires (PQQ) and IT assessments… there’s a design bias.





According to Figure 3, it can be concluded that most BIM applications in logistics management create three-dimensional site layout plans. This is depicted in the bars, whereby 12.5% and 50% of the respondents said they “very often” and “often” used BIM for creating three-dimensional site layout plans, respectively. This corroborates views from in-depth interviews where all participants confirmed using BIM for creating three-dimensional site layout plans.





4.3. Improvements Experienced Using BIM Processes for Construction Logistics Management


Respondents were queried as to whether they personally experienced improvements in four areas: Site safety, comprehension of logistics information, efficiency on site, and effectiveness of layout planning.



All respondents agreed that comprehension of logistics information was improved by the introduction of 4D BIM modelling. Respondent A described his experience:




Definitely, it was much, much easier. Particularly with the sequencing and temporary hoardings and changes to routes throughout the building… It made it a lot easier to realise how intricate it was with the sequencing and separating these people that were in the building from the actual building works… it undoubtedly makes things clearer.





With the exception of Respondent A, who unfortunately was not directly exposed to BIM-based CLM in practice outside of the tendering stage, all respondents agreed that site efficiency and effectiveness of logistics planning were also improved. The application of 3D site coordination tools averted potential major issues and increased the speed at which logistics planning could be completed through the ease with which potential clashes and problems were identified using the 4D modelling software. Respondent B said:




It’s highlighted all the problems, and you can run the programmes again and again. It’s easy to do it on a bar chart but it’s much easier when you can see it on a 4D/3D model.





This sentiment was reinforced by Respondent E:




But you miss things: On a drawing you draw stuff and think “ah great, that works”, but you go to do it in the real world when it comes to it and it doesn’t quite work, and you have to adapt to it. That wastes time and money and resources... that was one of the things we found… you looked on the drawing and it was there, but as soon as it was modelled, of what that moment in time was going to look like off of the 4D snapshot, you knew straight away [whether it was going to work]…





Similarly, when asked if managing the logistics using BIM systems would improve safety on site, Respondent F noted:




Whatever you do on site, if you improve logistics, you’re going to improve health and safety. That’s because of the nature of construction.





All respondents who were involved in projects that utilised 4D BIM logistics planning were convinced that safety was improved by its application. However, it was identified how difficult it is to gauge any quantifiable improvement. Respondent C noted:




Well how do we measure that? Of course, I am going to say “Yes, we’ve improved safety” and “Yes, we’ve improved logistics”, but if we’re not measuring it, we can’t put a figure on it.





Despite the lack of statistical data, it was apparent through discussions regarding the application of 4D BIM to CLM that all interviewees held that there were clear benefits to be had managing logistics in this way. However, this initial investigation would be considered anecdotal only. Quantitative research into measurable benefits would be required to support this result.



Figure 4 reveals that 40% (definitely agree) and 40% (mostly agree) of respondents stated that BIM applied for logistics management improved safety. A similar result was obtained for the effectiveness of BIM for 3D layout planning. For the last two parameters, 40% (mostly agree) and 30% (definitely agree) of respondents stated that BIM helped improve the comprehension of logistics information and efficiency of logistics processes. These results align with those from in-depth interviews and also confirm the benefits of BIM for construction site logistics management.




4.4. Issues Experienced Using BIM for Logistics Management


Respondents were queried on the issues they felt were apparent when using BIM for logistics management. Considering that, where applied, interviewees had had a positive experience in the application of BIM to CLM, it was deemed necessary to identify any possible barriers to capability and wider adoption.



With the exception of Respondent F, the individuals involved in the preparation and adaption of 4D Logistics Plans did not report any issues with the time required to prepare 4D logistics plans.



Respondent D explained:




… when it comes to 4D, it’s the easiest one to adopt. Your planner is using planning software, you’re not asking him to use anything else… Your model is already there, if it’s a BIM project; the design team have modelled it… Well they’re the two main ingredients, the other one is the 3D model of the logistics… there’s not a massive amount of time in there to put a 4D model together.





However, Respondent F asserted that they did not have the resources available to continually update detailed logistics plans:




Because site is not… a factory, where everything is static and you can say… “the plan is this” and, maybe if something changed, it would be a minor change. On site, everything changes and something I’ve planned in the morning may be completely different by this afternoon or tomorrow morning. So, in order to keep up with the changes, it would be one resource as least dedicated just to doing that; just to change the synchro model and update the models and update the plans.





Respondent C believed that quality of information was possibly an issue and explained that, although specified as “BIM Level 2” at tender stage, many of the models were often not up to the required standard to make the process as efficient as it could be. Furthermore, Respondent C identified training as a primary issue, also:




I think the problems are more likely that we don’t always quite get the models that we need, and the training issue. I think what often happens is that you get on a project someone called a BIM coordinator, and unfortunately what will happen is often that BIM coordinator will be the go-to person, “Oh can you do the 4D to help us do logistics?”… and actually, what they should be doing is showing the planner, the logistics person, how to do it themselves.





Respondent B mirrored this, identifying lack of training as the major barrier to wider use amongst his team:




I always have to ask [planner], who’s our man at 4D, to run the model, to do this, do that. I think it could be used a lot more with training. I’ve never been trained; I have no idea how to use Navisworks whatsoever; I don’t have it on my PC, so I am still the dinosaur using 2D and bits of paper…





Similarly, when queried on the issues experienced using BIM for CLM Respondent D explained:




I can’t think of a single problem… The biggest issue for 4D BIM is the adoption really. It’s like any new thing. It’s education, it’s a lack of understanding of what it is... I think the issue is the implementation and getting people to use it.





The lack of training for staff and education to increase adoption was an issue repeatedly raised by respondents. Respondents A, E, and F all alluded to an ageing workforce and a possible age divide among staff when it came to utilising contemporary construction management tools such as 4D BIM software:




There are other people, older people, and they don’t understand how the model works, or they don’t see it. They’d rather have a piece of paper.



(Respondent F)





These individuals explained that this was a potential barrier to wider adoption as there are people that have just ignored it and have no interest in it, and they have no interest in using it (Respondent E), and that people are quite set in their ways. They have always built that way and that’s what they feel comfortable with (Respondent A).



As Respondent D pointed out, increasing education of staff in the applications and benefits would potentially improve this issue.



Figure 5 reveals 50% (mostly agree) and 10% (definitely agree) of respondents highlighted poor quality of information and lack of time in creating the relevant information as major issues experienced when using BIM for logistics management. Similarly, 20% (definitely agree) and 30% (mostly agree) of respondents stated that insufficient training and lack of motivation or encouragement strategies hindered the adoption of BIM for logistics management. These results corroborate the findings from the in-depth interviews.




4.5. Increasing and Improving the Use of BIM for Logistics Management


Respondents were queried as to how the use of building information modelling systems could be increased or improved in their application to logistics management. Responses are detailed below.



4.5.1. Advancing Collaborative Involvement from Trades


There was a consistent sentiment that collaboration should be increased among the various parties involved in the coordination and management of disparate construction and logistics processes. With both Respondent C and Respondent D, the possibility of federating the various 4D models prepared by separate trades and disciplines was discussed.



Respondent D explained how it might work:




… the interesting idea I had, and we’ve never done it, is to treat it like a proper federated model… So, with Synchro, you can open up a blank [SP] file and you can import other Synchro files into that… So… you say “Right… [steelwork contractor], here’s your programme, and your steelwork, we want you to send that as an ‘SP’ file”… “Right, [concrete contractor], we want you to do the same with the concrete”… and you bring all these into the Master model… they keep it up to date, and they keep sending in their “SP” [files] and the main contractor has the overall one.






The only issue there is who does the logistics…? Who puts in the tower cranes, because they’re shared aren’t they? And who puts in the hoardings, and the hoists and access routes and welfare…? Maybe the main contractor does that little bit. I’m not sure, but I think it’s something I have always thought about, but never explored.





Hypothetically, this process would improve the collaborative contribution from the trades on site as to how all elements of work are coordinated. The clash detection process that is currently applied to design conflicts on BIM Level 2 (now called BIM Stage 2) projects could also be applied to the construction and logistical processes. Respondents acknowledged that collaborative involvement from trade contractors was a productive process where applied; this alternative method would have the benefit of also allowing trades to remotely inspect and scrutinise the proposed construction sequence in greater detail. It is possible that delivery and material distribution proposals can be incorporated into each trade contractor’s 4D model, allowing a third-party, such as the SLC, where employed, to coordinate the overall construction logistics management process.



Rather than being an opportunity to both identify and resolve issues, 4D BIM coordination sessions between main contractor and trades (as described by Respondent B) would be an opportunity to resolve complex time/space conflicts only. This would reduce the frequency of construction coordination meetings and simplify the overall logistics planning process.



To streamline the current process in this way, however, early involvement from trade contractors would be of paramount importance. Both Respondent C and D pointed out that the prompt appointment of trade contractors would be a primary factor in any such shift in procedure.




4.5.2. Application of 4D BIM Systems to Material Distribution and Delivery Management


The application of 4D BIM systems to DMS software was identified as a knowledge gap following the literature review, and this subject was raised during interviews.



Respondent C noted that the management of deliveries was the point at which he believed there was currently a breakdown in the logistics process:




Where does logistics break down for us? It’s actually trying to manage delivery tickets… How do we manage delivery tickets and how do we stop the blockage at the gate?… That’s where a lot of things breakdown I think and we’re looking at how to solve that as a problem.





Respondent B described the situation at his current project, and it was acknowledged that there was no precise science supporting the decision to accept or reject a delivery. Generally, the package manager or construction manager overseeing the relevant work would manage the acceptance of deliveries on the basis of their own knowledge of the impending works and the space available for material storage. He suggested that, sometimes, to avoid multiple deliveries being booked in, purely for the purpose of JIT, the individual policing deliveries would accept multiple loads being delivered in one visit, which would then be stored on site ready for installation.



Respondent B explained:




… we would tend to just go with the feel of the job… Knowing you’ve got space for materials you don’t want to run out of… equally, you don’t want two hundred packs of blocks if there’s nowhere to put the damn things…






You know what’s coming up over the next few weeks. If you’re suddenly going to flood the job, you then just know through knowledge rather than computer programmes. You could argue that both ways really: the computer says, over the next certain weeks, you’re going to be building loads of walls for instance… obviously you’re going to need that space for materials to be hitting first.





This method of delivery management and administration of storage space is based on a manager’s best judgement. This leaves the process potentially exposed to human error. It should be noted that Respondent B did not report having experienced any issues managing deliveries in this way; however, it could be argued that the technology is available to avoid making this process reliant on experience and reasoning alone.



Respondents were asked whether they could see any benefit to incorporating 4D BIM information within delivery management systems. From the point of view of the SLC, there were a number of potential advantages to connecting the DMS with 4D BIM software; Respondent A described where efficiencies might be had:




Typically, on central London sites, we use a delivery management system so all the trades book in, so we know what’s coming to site. If we could tie that into the BIM model, then we could be a massive facilitator for the main contractor… I mentioned before about materials coming onto projects too early, we’d be able to police that for the main contractor… Knowing when materials are coming in, picking up defects, or if something is not the correct material… these are all, logistically, things I think we as a company could develop into providing for the main contractor, and at the same time assist all the specialist trade contractors as well. Make their lives easier. They want their materials on site at the right time, in the right place, so that they can get them installed, and install them correctly without coming across damage because they’ve been on site too long.





Similarly, Respondent F pointed out the benefits he could see in such a system:




To be able to interrogate the model… if the model was online let’s say, and I know something has to come tomorrow… If there was a way that I could interrogate that model and say, “Okay, this piece of steel. When is it coming?”, click on it, and it tells me delivery is scheduled for tomorrow morning, that is information I can use to feed into my programme…






It’d be very helpful. It’s all about trying to solve problems earlier. The more data you have, the better at the end of the day.





Conversely, Respondent D identified the issues he believed were associated with utilising current 4D software for this purpose, and his opinion that the application of those programmes in this way was not compatible with their supposed benefits.




The problem being there, and I mentioned before number of deliveries and wagons and things like that, Synchro 4D is a 3D programme. You’re visualising the programme. The main contractor’s programme or a trade contractor’s programme. They can only show the level of detail of their tasks. They haven’t got a task for every delivery. And the beauty of 4D is the job will be built in line with the programme. That’s why you visualise it. You’ve got a bar chart or all these lines that tell you that’s the best way to build it. It’s only when you do it in 4D you go “oh, I didn’t spot that missing link there. And, therefore, I’ve got a problem with the programme”. And that’s the fundamental part: that you’re viewing the actual programme. There’s no manual intervention in the sequence. And what you’re getting into with the deliveries and stuff like that, I’m not saying it wouldn’t be worthwhile sequencing it out, but it isn’t the programme.





Despite the above statement from Respondent D, it could be argued that issues of space and time resulting from deliveries and material distribution are inherently associated with the programme. Moreover, the level of detail of any particular task can be increased. The Synchro software that Respondent D referenced does have the ability to sub-divide elements of work into composite parts [61].



There is likely little benefit to modelling and simulating each individual delivery associated with a development; however, increasing the level of detail of an existing 4D BIM model, to include information on when requisite materials will be received and where they will be stored prior to installation, would allow project and package managers greater control over the delivery, material distribution, and site storage process.



This tool could potentiate greater clarity over the JIT delivery process or theoretically facilitate the production of accurate inventories for CCC use.



Respondent B identified a further advantage to the unification of these disparate systems and described the experience of distributing heavy cladding panels within a new building ready for their installation, before realising that their weight may cause permanent damage to the structure. Respondent B suggested that BIM may alleviate these issues:




There’s also space planning as well—when we’re certainly loading out some of the buildings—I think BIM could be used for that. We’re still quite old fashioned in the weight distribution of, you know, panels and blocks and everything like that. But could you do that through BIM to make sure “right, this is where the model is, you can’t put all your heavy cladding panels, for instance, all in a great big lump”.





Using the BIM model to control this element of material storage administration around the building is a fitting application, as the model will already include the structural performance data of the surrounding environment. This would allow the software to highlight areas where particularly heavy loads must not be stored, to avoid damage to the structure. This also presents a further function where visualising the material distribution process could provide some benefit.






5. Discussion and Recommendations


Through a combination of the literature review and exploratory semi-structured interviews, a more complete image of the status of BIM-based CLM on current construction sites was established. This includes the extent to which BIM systems and software are being utilised to aid the CLM process, the concerns associated with both current usage, and an investigation of how the application of BIM to CLM can be expanded beyond its current application. This section describes five primary recommendations informed by the research that may positively affect the effectiveness of construction logistics management as a discipline and could, consequently, benefit the overall efficiency of construction processes throughout the industry.



5.1. Update and Reference the 4D BIM Model as the Project Progresses


The interviews revealed that keeping the 4D model updated to reflect changes during the project was not typically a standard procedure. In the one instance where this became standard practice, the advantages were seemingly clear; the efficiency of the logistics process was improved, and the application of the software in this way substantially increased the delivery capacity of the project, as well as accelerated the general coordination process. This is corroborated by a recent study by Bortolini et al. [55], which further proved how 4D BIM can be used to significantly improved the performance of construction projects.



There is no obvious reason why these same advantages would not be experienced on other large or complex developments, if BIM software were to be applied in the same manner. This would be a change in procedure rather than a full overhaul of the construction management process. The 4D model could be designated, by those directing the project, as the central reference for site management staff with regard to time-related issues and works coordination. If this were the case, the 4D model would be updated by staff as a matter of course, and logistics management, being one factor of this process, would be streamlined. Those managing individual packages and elements of work would be furnished with the ability to increase the efficiency of works through this central point of reference in a truly collaborative manner.




5.2. Increase 4D BIM Training for Project Management Staff


Proficiency with 4D BIM software was identified as a major issue during interviews. For the use of a central 4D model to be worthwhile and the above recommendation to be possible, the management staff employing the system must be capable of operating the software and capitalising on its benefits. Interviews highlighted the lack of training of site-based staff in how to operate 4D BIM software as a major issue. This aligns with Marefat et al. [62], where many authors argued that the lack of training is a major barrier to BIM applications including 4D BIM. A trend of increasing reliance on a small number of individuals that were trained was identified by a number of respondents. In order to effectively put the available technology to good use, those that would benefit from its assistance must be competent. Considering the apparent benefits of applying 4D BIM software to the logistics management process, improvement in ability would likely have a measurable carry-over to general construction logistics efficiency. Without this proficiency, the evolution from Level 2 BIM to Level 3 BIM (now referred to as Stage 2 and Stage 3 according to ISO 19650 (parts 1 and 2)) in the UK may be delayed.



A strategy of regular site-based group training sessions may aid this progression. Allowing each site team to learn the software together would encourage a collaborative atmosphere while enabling individuals to seek support from each other following each training session. This would reduce the reliance on specific individuals, which could potentially come about from a policy of independent training sessions.




5.3. Increase Collaboration with Trade Contractors


The interviews identified apparent benefits in pursuing a policy of collaborative involvement with trade contractors in the logistics management and works coordination process. Where this was applied, it was reported that, utilising the 4D BIM model as a point of reference, clashes and conflicts that were not immediately perceptible to the main contractor or through 2D drawings alone were quickly highlighted. This is similar to findings reported in Vilventhan et al. [63] that 4D BIM is very effective in the identification and resolution of clashes in projects. Furthermore, these sessions allowed trade contractors an opportunity to aid in the process of identifying and agreeing solutions to these issues alongside the same fellow trade contractors that they were interfacing with on site. The sessions described did not entirely differ from the general coordination and lookahead meetings that are already a standard feature of the construction management process on many projects. With respondents drawing attention to the ease and speed at which issues could be identified utilising the 4D BIM model, it could be expected that the omission of the 4D BIM model from these existing meetings may result in potential problems being overlooked and their identification being delayed, a potential disadvantage for the stakeholders involved.



The solution to this, therefore, may be the use of a current and central 4D BIM model as a point of reference within the regular coordination meetings already held on site. The reported improvement in comprehension associated with utilising a 4D BIM model could substantially improve the efficiency of both general construction coordination and logistics management processes. The attendance of a representative from the SLC (if employed on the project) would allow a clear forecast of expected delivery volumes and potential logistical issues, enabling the SLC to accordingly increase or decrease logistics facilities such as plant provision, traffic management operatives, and common user plant operators, thus reducing the preliminary operational costs of the project.



It should be note that the above recommendation would be entirely reliant on the application of the two preceding recommendations.




5.4. Invite Specialist Logistics Contractors to Be a Part of the Construction Logistics Planning Process


During interviews, it was highlighted that, generally, the site layout and common user plant coordination process were initially formulated by either the main contractor or a consultant working on their behalf and subsequently managed by the main contractor without any direct input from an SLC. Respondents agreed that, where a SLC was to be employed, there were potential advantages to increasing SLC involvement in both the initial planning and the ongoing management of site logistics. Considering their expertise and experience, as well as the proprietary logistics management systems at their disposal, there could be considerable advantages to engaging with these specialists earlier in the process.



Inviting early participation would provide greater clarity of the rationale behind particular decisions made on the management of various logistical elements. This understanding would subsequently provide a foundation for greater SLC autonomy once site works commenced, reducing the time attributed by the main contractor staff to managing logistical issues.




5.5. Offer 4D BIM Model Access to Trade Contractors and Specialist Logistics Contractors


In line with the above recommendation, authorising access to the current 4D BIM model for both SLC and trade contractors from the early stages of the project would allow them an opportunity to examine the proposed 3D programme in depth.



The SLC would have a chance to scrutinise the proposed site layout and the arrangement of common user plant, potentiating opportunities to identify inefficiencies and conflicts in the proposed logistics plan. Trade contractors would be furnished with the prospect of warning relevant parties of potential impending logistical issues associated with their works prior to their realisation. Although this can be achieved through 2D information alone, the ability to examine a 4D BIM model makes this process more streamlined and makes the subtler conflicts easier to spot. Efficient site planning was reported as one of the best benefits of 4D BIM by Kumar and Cheng [40]. Furthermore, permitting SLC access to 4D BIM data would allow the development of proprietary BIM-based CLM tools that might otherwise not be possible. This might encourage innovation within the industry, allowing main contractors to further capitalise on the benefits of BIM without additional investment.





6. Conclusions


The completed study aimed to explore the extent to which BIM can be applied to CLM. Specifically, the study focused on the applications and benefits of BIM to CLM, as well as barriers hindering its adoption for the latter. To facilitate understanding, the main findings are summarised in alignment with the research objectives. Firstly, it emerged that the main BIM for CLM applications involved the creation of three-dimensional site layout plans and 4D coordination of site processes and common user plant, updating the 4D logistics plan as the project progressed with collaboration in BIM-based logistics coordination. Secondly, the overwhelming feedback from the interviewees suggested improvement in site safety, comprehension of logistics information, efficiency on site, and effectiveness of layout planning as the main benefits. Thirdly, a lack of training with implications for understanding was one of the main barriers to applying BIM on CLM. Although these findings were obtained from in-depth interviews, they were corroborated by those from quantitative structured questionnaire.



Previous studies hardly focused on BIM for CLM, with far too many on BIM for quantity surveying, sustainability, and generation of project programmes. Therefore, this work is relevant as it furthers research in an area where knowledge about of BIM for CLM is still very sketchy. The findings add value to existing research and have the potential to lead to changes in practices, especially considering that the study revealed that the adoption of BIM for CLM can lead to a significant improvement in performance of project delivery and elimination of waste, which is of interest to practitioners.



Due to its qualitative nature and small sample size, this investigation only serves as a foundation for further research into this particular topic. As detailed within the methodology section, the research methods were selected due to their suitability in establishing a particular situation, identifying problems, and discovering new initiatives.
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Figure 1. Example of Navisworks four-dimensional (4D) building information modelling (BIM) schedule incorporating logistical elements [39]. 
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Figure 2. Level of experience of interviewees. 
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Figure 3. BIM used for logistics management. 
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Figure 4. BIM improvement for construction logistics management. 
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Figure 5. Experience using BIM for logistics management. 
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Table 1. Details of the number and type of projects each respondent was involved in that used BIM for construction logistics management (CLM).
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	Respondent Reference
	Number of Projects (Using BIM)
	Comments
	Types of Projects





	A
	1+
	Only 1 memorable instance where Respondent A was issued with 4D information; however, Respondent A was involved in a number of projects that had a 4D logistics model prepared (and not issued/shared).
	Enabling project (for a future residential development).



	B
	2
	Low number likely due to being resident on long-term developments.
	Large commercial and residential developments.



	C
	Expected 100+
	No exact number given; however, Respondent C oversees all United Kingdom (UK) projects for a major contractor. 100+ is no doubt a low estimate.
	General developments predominantly include hospitals and rail projects. All projects conducted by operating unit involved piling and ground engineering.



	D
	400+
	High number due to being responsible for preparing 4D logistics plans for a number of global clients.
	Large residential and commercial projects, major infrastructure developments including rail, highways, hospitals, and schools, and stadia, nuclear plants, and military installations in active warzones.



	E
	3
	Low number likely due to being resident on long-term developments.
	Schools and (the current) high-rise commercial project.



	F
	1+
	Low number due to being resident on long-term developments. Respondent F has only been involved in logistics management (and to a limited extent) on the current project.
	Large mixed-use commercial and residential development in Central London.
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