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    FOREWORD




  




  

    Building information modelling (BIM) is a set of interacting policies, processes and technologies that generates “a methodology to manage the essential building design and project data in digital format throughout the building's life cycle”. It makes explicit the interdependency that exists between structure, architectural layout and mechanical, electrical and hydraulic services by technologically coupling project organizations together.




    BIM facilitates the convenient and highly-efficient multi-professional collaboration. By synchronizing the central files, various professionals are able to share the same data set and operate on a unified platform. It is noted that the technical kernel of BIM is comprised of 3D visualization and the corresponding building information management mechanisms. With 3D visualization, it is easier to demonstrate design intent of cross-disciplinal professional engineers, and enable intuitive understanding, facilitate timely communication and error checking in drawings. Since large construction projects are featured as large in size, high in interspace and densely-populated, it is easy to cause significant impact to the safety of personnel and loss to property once an emergent situation occurs. Mapping the 3D models of BIM with the intelligent systems can simulate unexpected situations by computer and contingency plans can be made in advance. In addition, utilizing the 3D visualization technology of BIM, the construction unit can publish project construction information and operational information through the internet and other means of mass media. This provides it with a chance of improving the public participation, economic, environmental and the social benefits, as well as other comprehensive benefits.




    The present book, structured in 13 chapters, deals with some of the fundamental integrated BIM applications, such as BIM in site layout plan, BIM in construction product management and BIM in hazardous gas monitoring. These chapters demonstrate that BIM is an excellent platform for technology integration.




    An overview of the use of BIM is provided to report the best practices, standards, BIM frameworks, manuals and policies from different countries unfolding their status of BIM research, education and industry implementation. While the benefits of BIM, are evident in the past research, these benefits alone may not be sufficient to lead its adoption. An extensive study of the successful BIM cases from across the world, the problems faced and lessons learnt may promote its adoption.




    Chapter two reviews the current BIM application and its adoption in housing and investigates an applicable decision support tool to enhance the practicality of housing information modelling in a way that a traditional life cycle assessment (LCA) or life cycle cost (LCC) does not. The case study provided in this chapter demonstrates that what information is required and how data can be developed from stakeholders’ requirement in housing construction and management.




    Chapter three focuses on investigating the current perceived legal risks as identified by the AEC industry and are used to analyse an existing standard contract to propose changes which will facilitate the transition to a collaborative digital environment. The conceptual model is tested on a standard construction contract (GC21) to test its validity.




    Chapter four proposes a final as-built BIM model inspection and management approach when preparing the final as-built model beyond project closeout. The utilization of the proposed approach can effectively manage the status and results of the final as-built BIM model inspection and management work performed. The proposed approach is applied in a selected building case study in Taiwan to verify the proposed approach and to demonstrate the effectiveness of preparing and managing a final as-built BIM model practically. Additionally, this chapter identifies the benefits, limitations, and problems encountered through real cases.




    Chapter five summarizes the state-of-the-art in BIM-based methods developed to provides input data to different analyses as well as the state-of-the-art of site layout planning (SLP) optimization models and corresponding solution methods. Benefits to be reaped from integrating BIM within the SLP problem are discussed. Frameworks developed for obtaining travel frequencies and locations of temporary facilities on site, as well as methodologies to account for the dimensions of such facilities at each construction project stage, by taking advantage of the information made available by building information models, project schedules and construction cost databases are presented.




    Intelligent and efficient data exchange among various software platforms is the key for sustainable and innovative production systems. The Industry Foundation Classes (IFC) data model is intended to describe building and construction industry data in a standard way which enables various software platforms to exchange information throughout the life cycle of the project with minimum human interaction/ manual data re-entry. Chapter six presents an introduction to the IFC and emphasizes its utility in all the stages of a project by illustrating its application in design, construction and operation & maintenance stage.




    Chapter seven provides an organizational level framework with insights into how BIM can be implemented within the construction products manufacturing (CPM) sector to improve solutions at different implementation stages of the AEC sector. The findings of the study push the boundary beyond the fragmented silo style of working between product manufacturing and the construction process, and reveal the new relationships that are formed and the synchronous communication that occurs from the point of object creation through the upload unto the web repository, and ultimately, sharing the product data via the project model among the multi-organization project team.




    Chapter eight focuses on the implementation of BIM in the construction project management phases and buildings lifecycle covering the ‘asset management'. It aims to argue that integrated BIM usage can be an effective tool in enhancing sustainability and lean performance of construction project management and of asset management.




    Chapter nine aims to help the industry understand the current status and future development of BIM-integrated life cycle assessment (LCA). A systematic review shows that BIM has been used as the platform to host LCA implementations for various project life cycles (including production, transportation, construction, operation and end-of-life stages) and environmental impacts (mainly including energy, carbon emissions, water and waste). In addition, future actions are needed in the aspect of standardization, benchmarking and available databases in order to allow accurate comparison of the environmental performance between different projects and design alternatives.




    Chapter ten aims to examine the use of BIM in the construction industry and whether it impacts on the key roles and responsibilities of the quantity surveying professional and on construction project cost performance in South Africa. The study concludes that the implementation of BIM technology on construction projects in South Africa will not change the responsibilities and roles of quantity surveyors on projects. It is therefore recommended that South African quantity surveyors use BIM technology on projects to realize the full benefits derived from its implementation internationally.




    Chapter eleven provides an overview of the current BIM courses taught in-class and online by the civil engineering department of National Taiwan University (hereinafter referred to as ‘NTUCE’). In this chapter, a detailed overview of a basic and foundational in-class BIM course taught at NTUCE, titled “Technology and Application of BIM”, and its curriculum with focus on factors such as course objectives, course description, teaching resources used for the course, course contents, teaching methodologies, course discussions, and the evaluation process involved, is provided.




    In order to enhance the performance of controlling in hazardous gas detection in underground construction sites, Chapter twelve proposes an solution for the integration of building information modeling (BIM) and wireless sensor networks (WSN) technologies to enable the monitoring of hazardous gas conditions in underground construction site and provides warning signals. It examines the use of the BIM-based safety monitor system to provide the flow of safety information collected by WSN sensors, and visually illustrates the status of detection and alarm regarding hazardous gas with different colors.




    Chapter thirteen investigates the prospects and possible challenges confronting the upgradation of BIM technologies in the two leading African economies namely; Nigeria and South Africa. The results will be useful for other developing countries which may wish to implement BIM in the construction industry in the near future.




    As a whole, all the fourteen chapters of this book, written by professionals and specialists in the field, offer a valuable review of updated knowledge about the integrated BIM application. All chapters have a large bibliographic reference list which increases their documentary value. The book is of great interest for students, researchers and for those interested in integrated BIM.
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    PREFACE




  




  

    Building Information Modelling, since it was first coined as BIM, has been increasingly acknowledged and accepted all over the world. It now comes to its tipping point for wider and deeper industry practice, therefore, many key practical implementation problems have been spotted and in turn further triggered new research directions. There is a strong need both from BIM industry and academia to be fully aware of the state-of-the-art developments, by doing that successfully, it certainly can further leverage the knowledge from both sides, and eventually could further increase the productivity, performance and efficiency in construction industry.




    This edited book intends to leverage the wider BIM knowledge all over the world, both from BIM industry and academia, to provide a comprehensive BIM research and industry implementation picture and future developing roadmap. In this book, there is a team of BIM specialists in UK, USA, New Zealand, Australia and Taiwan who have reported many integrated BIM solutions and future trends of BIM are discussed to create a holistic road map for BIM future.
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      Abstract




      The construction sector is one of the oldest sectors of the economy that has played a defining role in the survival of the human race. While it is slow to adopt innovation, the last decade has been marked by an attempt to harness the true potential of increased computing power and information technology products, to make the ground-breaking shift from its traditional Computer Aided Design/Drafting (CADD) approach to an information rich model-based approach. More and more constituents of the industry are shifting towards Building Information Modelling (BIM) that provides such a model-centric way of working. BIM has the potential to positively shift the focus of the industry towards the much needed value-adding tasks, but its holistic implementation is still a challenging task. The BIM process requires that all the industry participants come on board and join hands for effective information management throughout the asset lifecycle and this shift requires an overhaul of the existing (fragmented) practices followed by the individual organizations in their particular sub-domain. The industry as a whole has come to realize that adoption of BIM is crucial for the built environment sector globally as it endeavors to overcome the challenges of environmental sustainability, cost overrun, time delays, and poor quality that are faced by the industry today. This realization is forcing the construction industry to undergo a transformational change in the way work is performed, processed and managed. Although BIM has been identified as an effective solution, its implementation in several parts of the world remains low. The industry requires a well-crafted and well-documented path to increase the productivity, performance, and efficiency via the use of BIM. This chapter aims to do this by reporting the global best practices, standards, BIM implementation frameworks, manuals and policies from different countries. Through this, the authors attempt to unfold the status of BIM research, education and industry implementation in major developed and developing markets around the world. At the same time, the chapter also lays out the BIM adoption journey for these countries to allow the readers to understand how BIM implementation takes place over time at the sector level. While the benefits of BIM, are evident in the past research, these benefits alone may not be sufficient to convince stakeholders and encourage adoption. An extensive study of the successful BIM cases from across the world, the problems faced and lessons learned are reported in this chapter to allow the




      readers to develop a deeper understanding of the implementation process and encourage adoption.
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      INTRODUCTION




      Building Information Modeling (BIM) is a remarkable development that is helping the built environment sector achieve improvements in its processes, practices, and outcomes [1]. It is also helping the sector and its key constituents to review and rethink the way the sector and its constituents function. In a way, BIM is making the industry stakeholders look at every aspect of the functioning of the sector with the aim of propagating systemic improvements. This introspection is possible because BIM has potential implications across all the lifecycle phases of the projects that the industry undertakes. It also influences legal, financial, managerial, technical and social aspects of the industry [2]. Due to this, all specialists within the industry are being forced to introspect their internal work practices, the way they connect with the rest of the project teams, and how they define their roles. This trend is evident in the way industry organizations nationally and internationally are approaching their understanding of BIM, and have been detailing out implementation strategies of BIM.




      Although BIM has been identified as an effective solution its implementation in several parts of the world still requires a well-crafted path and a robust strategy to increase the productivity, performance and efficiency gains anticipated by its proponents. This chapter provides a global perspective on these aspects of BIM which are described on a global scale and are woven around the following three major themes:




      

        	Status of research in the area of BIM




        	State of BIM implementation across major markets




        	Educational initiatives surrounding BIM in major countries


      




      The following sections and subsections provide a snapshot of these three themes as of the last quarter of 2015. These sections rely heavily on published materials freely available for review and do not in any way try to rank or shortlist technologies, software, publications, research groups, etc.


    




    

      STATUS OF RESEARCH IN THE AREA OF BIM




      Influence of BIM is now visible in all the aspects of the built environment sector including research and development activities focusing on the sector. A major shift can be seen in the research activities as BIM becomes a new focus of activities, as many researchers are involved in BIM related research directly or indirectly. This shift has been less than a decade old and as recently as 2008 many researchers and practitioners reported the beginning of the “BIM Age” [3]; some marking the beginning of this as late as 2005 [4]. A flurry of activity in the industry and academia around the world surrounding BIM is evident [5, 6]. Research in the area of BIM has been studied by others in the recent past and a trend that shows increased interest in research in this area has been clearly demonstrated [7-10]. The following sub-sections trace the evolution of BIM from a research perspective and provide an overview of the current state of the research in this area. Linkages between research and practice are also traced to see how both have evolved.




      

        Evolution of BIM




        BIM, the term which has now become ubiquitous in design and construction domain in the past ten years, has disrupted the traditional methods of representation, information sharing, and collaboration. Since, the novel vision of the future architect by Douglas C. Engelbart in 1962 [11], BIM continues to evolve as an effective tool for the industry. Most of the developments in BIM revolve around advancement in computing technology. This trend becomes evident by tracing the historical timeline of research in this area. Leveraging the benefits of increased computing power, BIM has been shown to have the potential to increase the efficiency of the industry by automating complex (generally non-value adding repetitive) tasks and providing a collaborative platform for information generation, sharing and reuse. Historical development in the domain of BIM is shown graphically on a timeline in Fig. (1).




        The first conceptual understanding of BIM came in 1962 when Engelbart presented his vision of a future architect that was centered around an object-based design approach, parametric manipulation of objects, and a relational database to store objects and associated information [11]. In the following year, Ivan Sutherland developed the sketchpad, an interactive computer-based drawing program, utilizing Semi-Automatic Ground Environment (SAGE) graphical interface [12]. Simultaneously many other researchers started conceptualizing a ‘futuristic’ design paradigm that revolved around the three-dimensional (3D) design approach and object-orientation. For example, Leifer (1984) developed a concept for the data-rich environment for CADD, which needs to be updated until it uniquely represents the proposed building as shown in Fig. (2) [13].
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Fig. (1))


        Tracing the evolution of BIM.
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Fig. (2))


        Data-rich CADD environment (source Leifer 1984).



        During the decades of 1970’s and 80’s, two methods of displaying and recording shape information namely, Constructive Solid Geometry (CSG) and Boundary Representation (B-rep) [14-20], were developed. In 1974, at Carnegie Melon University, one of the first database to store information about a building being designed called the Building Description System (BDS) was developed. It utilized a library of building elements which can be retrieved and added to the model. Also, the concept of coordinated views and sortable database emerged from this and other related research. The key idea was that information can be retrieved by the designer about building elements based on their properties [21, 22]. Automated model review and check for design irregularity emerged in 1974 [23]. The project Graphical Language for Interactive Design (GLIDE) under the guidance of Eastman, exhibits most of the features of the present day BIM authoring tools [24]. Several systems for the construction sector were subsequently developed such as GDS, EdCAAD, Cedar, RUCAPS, Sonata and Reflex in 1980’s that looked at design and construction in a more integrated way. For example, the RUCAPS system developed by GMW computers captures the concept of temporal phasing of construction process [1, 25].




        In 1988, Paul Teicholz founded the Center for Integrated Facility Engineering (CIFE) [26], at Stanford University for research with industry collaboration to develop the area of 4D modeling [27, 28]. In some ways, this can be marked as a time when research in BIM began to see its transfer to the industry and interest in the implementation of BIM in practice increased. Simultaneously due to increasing industry participation interest in the development of specialized tools for BIM-based performance simulation also increased [23]. In 1993, the tool called Building Design Advisor was developed to perform energy simulation and give suggested feedback based on modeled information [29-31].




        In 1984, RADAR CH became the first BIM software to be launched on a personal computer [32], which later came to be known as ArchiCAD [33]. It was developed by Gábor Bojár in Budapest, Hungary for Apple computers based on the operating system Lisa. Although it lacked many features, it had a complicated but flexible programming environment known as Graphics Description Language (GDL) [34]. Soon after ArchiCAD, Parametric Technology Corporation (PTC) released its first version of Pro/ENGINEER [35]. It was the mechanical CAD program that utilizes constraint-based parametric modeling engine [36]. In 2000, a new BIM tool called Revit, which utilizes parametric change engine [37, 38], made possible through the use of object-oriented programming in C++, was released. After the acquisition of Revit by Autodesk Inc. in 2002 [39], it has been globally marketed as the main BIM authoring tool. This software had a graphical user interface for modeling parametric components. The software later incorporated an integrated model feature in Revit 6, which allowed a collaborative working platform for large design teams [40]. In the year 2012, Autodesk launched a mobile-based application for conceptual modeling, Formit [41] to further showcase advancement in computing technologies to the construction industry.




        Other tools such as Generative Components (GC), by Bentley Systems, introduced in 2003, focused on parametric flexibility and sculpting geometry that supports NURBS surfaces [42, 43]. By 2006, Gehry Technology launched the Digital Project based on CATIA. In 2008, Patrick Schumacher coined the movement of parametric building models in architecture, specifically those which allow for NURBS surfaces and scripting environments as ‘parametricism’ [44, 45].




        With growing number of BIM authoring tools in the market, the industry realized the need for an open data format which can capture and store the information about an asset in an interoperable way. Significant research and advocacy effort has gone in this area culminating in the development of Industry Foundation Classes (IFC) under the leadership of International Alliance for Interoperability (IAI)1[46]. BIM continues to evolve with the integration of other upcoming technologies, making the design and construction process even more streamlined. In summary, the above-described evolution shows that BIM developed primarily as an Information and Communications Technology (ICT) with CAD as its core. Through the research and technical development in the area of solid modeling, 3D representation, product development, digital fabrication, cloud computing, big data, and sensor technology, BIM continues to mature and evolve.


      




      

        Thematic Research Areas of BIM




        Recent studies have shown that BIM has emerged as a key research area among academicians working in the architecture, civil engineering, and construction domains. Some of these studies have tried to identify existing research themes and also predict future research trends. The framework used by these studies is largely derived from the Turk’s [47] “Research Themes in Construction Informatics” [48]. Under this framework research themes are classified as ‘core themes’ and ‘supporting themes’ (see Fig. 3).
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Fig. (3))


        Research themes for construction informatics research (Source: Add Turk 2006).



        Using this framework Isikdag and Underwood (2010) developed a “BIM Research Compass” [49] that provides the following research themes:




        

          	Conceptual boundaries




          	Organizational adoption




          	Maturity




          	Standards




          	Lean and green




          	Process simulation




          	Information services




          	Geo-spatial integration




          	Emergency response




          	Industry-wide adoption




          	Training and education




          	Real-life cases


        




        A more recent scientific and comprehensive study was done by Yalcinkaya and Singh [10]. They identified core research areas in the domain of BIM through an extensive literature review. These areas are implementation and adoption, energy management, design practices, information standards, and safety management [10]. These major themes are described briefly in the following sub-sections:




        

          Implementation and Adoption




          Implementation and adoption of BIM is one of the prime areas of research among the scholarly community. Research themes like adoption [50-52], project collab-oration [53, 54], promotion and development [55], education and curriculum development [56-62], cloud computing [63-65], cost estimation [66-71], app-lication of gaming technology for interactive visualization [72], product supply chain [65], integrated project delivery [73-75], lean construction [76], impact on industry and project networks [6] and benefits for contractors [77, 78] and asset owners [79, 80] fall under this heading. These research themes have shown trends basically towards three broad areas-BIM adoption and implementation issues, project delivery and management practices, and realization of benefits of BIM for various stakeholders.


        




        

          Energy Management




          Energy analysis in the computing environment has captured the interest of researchers since the efforts of the US Department of Energy in 1973 to develop a modeling and analysis computer program [81]. This research area comprises of the use of BIM models for energy performance assessment [82-87], energy performance simulation [86, 88, 89], performance optimization of heating, ventilation and air-conditioning system [90] and building lifecycle management [91-93]. More recently the holistic issue of sustainable design and construction has been addressed using BIM models. Early analysis using BIM models has transformed the way industry has approached green and sustainable solutions in the built environment sector comingling it with design evolution.


        




        

          Design Practices




          Standardization of architectural practice is a much-discussed topic among the professionals and professional organizations due to increasing demand of BIM. Global professional organizations like buiding SMART are trying to help national authorities, project teams, and individuals to streamline their design processes [94]. Related research areas include compliance checking for design codes, architectural design process, urban/building space design and analysis [95], and analysis of 3D space [96].


        




        

          Information Standards




          Development of information exchange standards started in 1995 with the development of IFC. The topic has received renewed attention since 2004 among the researchers focused on the development of open standards and neutral data format for increased interoperability and collaboration [97, 98]. Information retrieval and querying [99], cloud computing [63], semantic reasoning [66], and semantic web technologies [100] in BIM are other research areas related to this theme. Other open standards such as Construction Operations Building Infor-mation Exchange (COBie) have also received wide industry acceptance [101, 102].


        




        

          Safety Management




          While construction simulation for reducing uncertainty and identification of potential problems and their impact, are prime topics discussed in this research area, safety management using BIM has also got attention since 2007 [103]. Usually, research themes include planning of workspace for safety [104] showing a growing trend to start using BIM in downstream functions across the asset lifecycle.


        


      




      

        BIM and its Links to Other Paradigms in the Industry




        BIM as a paradigm has connectivity to other major industry themes such as lean principles, sustainability, offsite or prefabrication, and Integrated Project Delivery. These connections are now becoming evident, and a general realization is occurring that integrated adoption strategies are needed to reap maximum benefits of these ideas.




        Considering waste minimization and value generation as the two most important pillars of lean, it has been reported that various BIM capabilities can effectively contribute to lean goals. While at the same time, past research also suggests that lean processes facilitate the introduction of BIM [105, 106]. An integrated approach of lean and BIM on construction projects can establish improved and successful results with reduction of waste, improved flow and reduction in overall construction time.




        BIM also allows architects and engineers to visualize, simulate, and analyze building performance more accurately, comparatively earlier in the design process [107]. With the multidisciplinary function of information sharing, BIM provides sustainable design solutions and allows measurement of performance throughout the design process [108]. BIM-based sustainability analysis leads to significant time and cost savings [109] and helps in achieving improved energy efficiency and reduced carbon footprint [110].




        The developing countries and emerging economies are experiencing an increased demand on the construction sector and to meet these demands, adoption of emerging technologies and techniques like off-site construction is considered as a potential solution. At the same time, BIM is suggested to act as a catalyst for streamlining and promoting off-site construction [106]. The combination of BIM and off-site is envisaged to provide efficient outputs including waste reduction [111].




        The American Institute of Architects, AIA defines IPD as “a project delivery approach that integrates people, systems, business structures, and practices into a process that collaboratively harness the talents and insights of all project participants to optimize project results, increase value to the owner, reduce waste, and maximize efficiency through all phases of design, fabrication and construction” [112]. BIM is highlighted as an important tool that facilitates IPD by providing a platform for collaboration, communication, and coordination between various stakeholders and within the project teams [113].


      




      

        BIM’s Link with Upcoming Technologies




        The historical development suggests technological development which has influenced BIM significantly. This trend continues even today. The increasing computing power, communication tools, and cloud servers are improving the uptake of BIM in the industry. These technologies help store data centrally, access data remotely, use and share enormous computing power of cloud servers, perform simulations and expand organizations’ modeling capabilities. Some technology driven impacts on BIM include the use of cloud computing for model sharing, big data for evidence-driven design, scan to BIM for capturing as-built conditions and BIM to field technologies [106].




        

          Cloud Computing




          Cloud computing is a concept centered around the availability and use of computing resources (both hardware and software) over the Internet [114]. It allows utilization of enormous computing power remotely. Obviously, solution providers in the area of BIM have also starting to market cloud computing as a possible solution. Various aspects of cloud computing such as the deployment of cloud-based model server, BIM software server, content management and cloud-based collaboration, are now possible and are influencing BIM implementation [115, 116]. Deploying BIM on a cloud platform enhances coordination and collaboration [117], which augments the capabilities of team members.


        




        

          Big Data




          Big data is a generic term to describe the exponential growth and availability of data, both structured and unstructured, which professionals can tap to improve existing situation [118]. Linking BIM platform with big data can provide an enabling platform to professionals to take informed decisions. Project teams with access to real-time data such as supply chain data, commodity pricing data, marketing data, sensor data, point-cloud data, demographics data, crime date, and employment data can enhance decision-making capabilities and increase the use of evidence-based design in the built environment sector.


        




        

          Physical to Digital




          For large-scale retrofit and renovation projects, information of existing built environment is an important pre-requisite. Advanced technology from the instrumentation sector such as LASER scanning, 3D imaging, and camera vector technologies can be used in capturing as-built data with accuracy. The 3D data captured using these advanced technologies can be fed into BIM software for further design and construction.


        


      


    




    

      STATUS OF BIM IMPLEMENTATION ACROSS MAJOR MARKETS




      BIM implementation in the industry has gained significant momentum in the past decade or so [119]. The industry has understood the needs and benefits of implementing BIM alongside the barriers and challenges to its implementation. As BIM evolves and processes are getting automated, industry professionals need to adopt more sophisticated processes for managing design information digitally. As the adoption of BIM in the built environment sector is increasing, there is a need to put in place specifications for developing the model, sharing information and performing related transactions in the BIM environment. Many countries like the United States, Canada, the United Kingdom and Scandinavian countries lead the way in developing national standards, guidelines, and programs for successful adoption of BIM in the industry [106]. The research work in this domain suggest coordinated government support, industry leadership and statutory mandates are critical drivers in increased implementation of BIM in some parts of the world [78, 119]; some parts of the world are reporting no such benefits. The chapter documents BIM initiatives for the USA, the UK, Europe (Finland and Germany), Australia, Singapore, Hong Kong, China, India, and Brazil. The current status of BIM implementation, government mandates, professional initiatives, and development of standards is summarized in Fig. (4).
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Fig. (4))


      BIM implementation across the globe.



      From Fig. (4) it can be seen that in the major markets, BIM adoption is being promoted through the development and use of BIM implementation guides and standards with or without government support and through national BIM implementation programs [106]. One key observation is that in regions where adoption is high there exists a partnership between government, industry, academia and professional bodies. The sub-sections below describe some of the most talked about national programs, standards, and similar initiatives.




      

        BIM Implementation Standards and Guides




        Globally a number of BIM implementation standards and guides are available to standardize the process aspect of BIM implementation.




        

          US National BIM Standard (NBIMS)




          NBIMS has been developed by National Institute of Building Sciences (NIBS) and buildingSMART alliance make implementation easier and to foster further innovation [120]. The comprehensive NBIMS standard is expected to mature over time. It standardizes typical design processes and computer-based exchange of information, employed during the conception, creation, and operation of the assets. The standards are intended to benefit all the participants across the project lifecycle. The owner or the project sponsor will get all the collective information about the project charter, and how the facility is intended to perform and individual vendors will have the pertinent asset information. The standard is expected to form the basis for contractually exchanging building information to accomplish transparent, efficient and consistently defined commerce. The NBIMS cover business transactions among all participants during the entire asset lifecycle [121]. It will contribute to resolving issues associated with the ineffective exchange of project information.


        




        

          US National Veteran Affairs (VA) BIM Guide




          The goal of VA BIM Guide is to deliver higher value and maximize lifecycle asset performance by digitally managing asset data for design, construction, and management of VA buildings [122]. It instructs project members that IFC-compliant BIM authoring tools be used as the architectural/engineering software for all major construction and renovation projects. According to VA BIM guide, BIM should be used for space and medical equipment validation, spatial design models, energy analysis, design visualization for communication, functional analysis and constructability, building system models—structural, MEPF and interiors, space scheduling and sequencing, communication of construction scheduling and sequencing, COBIE / commissioning, clash detection / coordi-nation, and virtual testing and balancing.


        




        

          UK Publicly Available Specification (PAS) 1192




          PAS 1192 is a series of specifications, code of practice or guidelines sponsored by Construction Industry Council (CIC) on behalf of BIM Task Group and published by the British Standards Institution (BSI) [102, 123]. The series have been developed for BIM-based information management for both the capital/delivery phase and operations phase of the asset. It is aligned with goals of the UK government construction strategy of adopting fully collaborative 3D BIM by 2016, which is level 2 BIM on centrally-procured projects. Level 2 BIM is a managed 3D environment, with attached data but segregated discipline models. PAS 1192 evolves from British Standard (BS) 1192, which advocates collaborative production of design and construction information. The standard defines the requirement of information at each stage of project delivery. Its application begins with the statement of need and works through the stages of the information delivery cycle, leading to the as-built Asset Information Model (AIM). The standard presents an approach which starts with the identification of information required in the downstream activities, to ensure its reuse during the whole building lifecycle. It advocates the adoption of collaborative practices and lean construction techniques throughout the process. PAS 1192-2 specifies the requirements at five stages of information delivery i.e. Procurement, Post Construction-Award, Mobilization, Production, and Asset Information Model Maintenance. PAS 1192-3, a partner document of PAS 1192-2, provides specifications for information during operations phase of asset lifecycle using BIM. It aims to ensure continuity and consistency in the management and organization of information for both planned and unplanned events that may occur during operation, maintenance and management of the asset.


        




        

          UK NBS BIM Toolkit




          This Toolkit is a web-based BIM project management tool operated by the Royal Institute of British Architects (RIBA) [124]. It provides a structured platform to define, manage and validate the responsibility for information development and delivery at each stage of the asset lifecycle in congruence with PAS 1192 [125]. The two major parts of the toolkit are - the classification system and the ability to create a digital plan of work. It uses the same unified work stages as identified in the RIBA plan of work and other industry project-lifecycle initiatives. The toolkit contains classifications and levels of definition templates. It also allows users to create a digital plan of work that helps create key documents such as employer’s information requirements and design responsibility matrices.


        




        

          Australia NATSPEC National BIM Guide




          The NATSPEC National BIM Guide is adopted from National VA BIM Guide and published by NATSPEC Construction Information for assisting clients, consultants and other stakeholders [126]. It describes the BIM requirements in a nationally consistent manner aimed to reduce confusion and duplication of effort. A key element of the National BIM Guide is its requirement for a BIM Management Plan (BMP). The BMP is used to describe in a detailed way how the project will be executed, monitored and controlled with regard to BIM to satisfy the requirements recorded in the Project BIM Brief.


        




        

          Singapore BIM Guide and BIM Essential Guide Series




          The Singapore BIM Guide has been prepared by the BIM Guide Workgroup on behalf of the Building and Construction Authority (BCA) and the BIM Steering Committee to list the roles and responsibilities of the project members when using BIM [127]. The roles and responsibilities are then captured in a BIM Execution Plan, to be agreed between the employer and project team members [128]. The guide aids the project team on the preparation of BIM execution plan, setting BIM deliverables, modeling and collaboration process in BIM environment and roles and responsibilities of various professionals in the BIM setting. The BIM Essential Guide Series is an effort to demystify BIM and to give clarity to the requirement of BIM usage at different stages of a project. It provides references to good BIM practices in an illustrated, easy-to-read format, and is targeted at new BIM users. Currently, the series consists of eight guides for various project participants and purposes.


        


      




      

        National BIM Initiatives




        To understand the global acceptance of BIM, it is important to review the national BIM initiatives around the world.




        

          USA




          With the pioneering efforts of the US General Services Administration (GSA), the United States has emerged as a global leader in BIM related development and its implementation [129]. GSA, which manages federal buildings had initiated the 3D-4D-BIM program in 2003. Continuing its efforts, it mandated the use of BIM for spatial program validation in 2007. The next stage in GSA’s efforts for BIM implementation is to explore the use of BIM tools throughout a project’s lifecycle in areas such as spatial program validation, energy and sustainability, 4D phasing, circulation, and security validation and laser scanning. NBIMS developed by NIBS, which is internationally recognized BIM standard, is another substantial effort for BIM adoption. The US government is also moving towards the requirement of BIM on all of their projects.


        




        

          UK




          The UK government introduced an ambitious and centrally driven BIM implementation program for the UK construction industry in 2011. The objective is to transform the UK industry into a global BIM leader through a five-year staged program. The government has mandated the requirement of BIM on all public projects by 2016. BIM is perceived as a focal point to save 20% on procurement costs in addition to targeted benefits in the operation costs. The government’s strategy has a dramatic impact on the construction industry as firms are developing necessary competence to meet the requirements. The UK BIM Task Group has been established to assist both public sector clients and private sector participants. It helps them in enhancing their work practices to facilitate BIM delivery. The BIM levels as mentioned in NBS BIM Report 2014 are Level 0 BIM, Level 1 BIM, Level 2 BIM, Level 3 BIM and 4D BIM and beyond [130], [131]. Level 0 BIM means 2D CAD drawings without any collaboration, mainly for production information. Level 1 BIM is a combination of 3D CAD for conceptual work and 2D drawings for statutory approval, documentation and production information as per the BS 1192:2007 standard. Level 2 BIM, with a target date of adoption in 2016 is characterized by collaborative working with all parties using their 3D CAD models, but not necessarily using a single or shared model. The design information is shared using a common file format such as IFC or COBie, enabling organizations to combine the data with their model to make a federated BIM model. Level 3 BIM, with target implementation date in 2019, represents a full collaboration between all participants by using a single, shared project model held in a centralized repository. 4D BIM and beyond is the use of BIM data to analyses time; beyond this are ‘5D’ which includes cost management, and ‘6D’ for Facilities Management (FM) purposes.


        




        

          Europe




          To present a scenario of BIM adoption in Europe, the initiatives of Finland and Germany have been documented in the following sub-sections.


        




        

          Finland




          Finland provides a strong innovation culture for companies engaged in the built environment sector. Research and development in the area of BIM have been most notable in Finland. BIM maturity level is more advanced here than anywhere else in the world. Finland has an agile construction industry with a long history of trust and open standards, making BIM adoption easier. No official government mandate on the use of BIM exists but BIM is being used as a response to the need of the sector for a more advanced technology than CAD.


        




        

          Germany




          Germany constituted a reform commission with representation from government, industry, and academia seeking solutions for cost and schedule overrun in large projects [132]. As part of commission, the German BIM task group was assembled to develop a BIM strategy and making BIM mandatory for large projects. A BIM guide sponsored by the commission was published in 2013.


        




        

          Australia




          BIM adoption has seen an upward trend in Australia. The proponents of BIM are pushing for stronger cooperation between the government and industry to increase its adoption. The Sydney Opera House is often cited as an exemplar BIM project that captures the benefits of using BIM in the management of existing buildings. The government has planned to implement BIM through the National BIM initiative, in three years. The government targeted to develop BIM contracts, the inclusion of BIM training in tertiary education, information exchange protocols, and integrated access to land, geospatial, and BIM data by July 2014. The government had also planned to develop national technical standards, model-based building regulatory compliance and transition to model-based performance system by July 2015. By July 2016, the government mandated BIM for its built environment projects and state/territory governments will also be encouraged to do the same.


        




        

          Singapore




          Singapore’s BCA is instrumental in developing the strategies to implement BIM on public projects. A Construction Productivity and Capability Fund (CPCF) of S$250 million has been setup with the goal of increasing BIM usage in the industry. Construction and Real Estate Network (CORENET) is promoting the use of ICT products in the industry. The CORENET e-Plan Check system, which enables designers to perform regulatory compliance check through an online gateway, is a yet another initiative to promote BIM in the country. Singapore has also adopted IFC as the standard for data exchange. By 2014, it became mandatory for all new building projects of more than 20,000 m2 to have BIM e-submissions, and by 2015, this became applicable for projects more than 5,000 m2. Moreover, the government is mandating BIM by offering incentives to early adopters. The government has set up the target of achieving a highly integrated and technologically advanced construction industry by 2020, with cutting-edge firms and a skilled and proficient workforce.


        




        

          Hong Kong




          BIM implementation in Hong Kong’s construction industry is still in the primary stage in terms of the scale. Where some professionals have aligned their work practices for its adoption, some of them are still playing as an observer to analyses its benefits [133]. Hong Kong’s statutory body, the Construction Industry Council, is influencing the use of BIM on construction projects. Hong Kong Housing Authority had set a target to apply BIM on all new projects by 2014. A BIM Academy started in the first quarter of 2014, to provide education, assessment, and certification for BIM professionals in the country.


        




        

          China




          China is witnessing a strong uptake of BIM and most entities engaged in the built environment sector seem well positioned to adopt BIM quickly. Large investments in infrastructure propelled by strong overall economic growth are providing a good platform for BIM adoption. There is strong government support for increasing BIM adoption. BIM was included in the National 12th Five Year Plan (2011–2015). A BIM framework is also being formulated in the country.


        




        

          India




          BIM implementation in India is in the early stages [78]. However, huge growth in Indian construction market and expanding international firms moving their operations to India can be perceived as the biggest driver of BIM implementation in the country. Larger construction companies are increasing use of BIM on complex construction projects, but it is not currently adopted on a wider scale [134, 135]. Implementation cost is high due to the isolated ad-hoc use of BIM. The industry also demands widespread BIM training and development. No national initiatives exist at this time in India.


        




        

          Brazil




          Brazil, which is the largest country and economy in Latin America, has a major influence in implementing BIM in the region [132]. The construction market activity got a boost from the country hosting major events such as FIFA in 2014 and the Olympic Games in 2016. The global players in Brazilian construction industry are influencing BIM implementation. National Department of Transport Infrastructure is embracing BIM for major road schemes. With the publication of the BIM focused academic paper, Brazil’s adoption rate stands 3rd in the list just behind USA and Sweden.


        


      




      

        Drivers and Barriers to BIM Implementation




        The key drivers and barriers in BIM implementation and realized BIM benefits for different countries have been summarized in Table 1.


      




      

        International Case Studies




        Various researchers, professional organizations and software developers have been instrumental in documenting successful BIM cases throughout the world. Some of the successful cases of BIM usage have been summarized in Table 2.


      


    




    

      EDUCATIONAL AND TRAINING INITIATIVES IN BIM IN MAJOR COUNTRIES




      As BIM adoption by the industry increases, it is becoming clear that there is a growing need for universities and training organizations to provide their graduates and trainees with appropriate BIM-related skills in architecture, civil engineering, building construction and construction project management domains. To realize the full potential of such new skills and to start shaping the “pipeline” of graduates that can better fit the changes occurring in the industry [161], there is a parallel need for advocating BIM related courses as an integral part of the new and existing taught courses [162].




      

        Table 1 Driver, barriers, and realized BIM benefits in different countries.




        

          

            

              	Key Drivers



              	Barriers



              	Realized BIM Benefits

            


          



          

            

              	USA

            




            

              	
GSA and other public entities like US Army Corps of Engineers, Air Force, and Coast Guards have mandated use of BIM [58]


              Competitive advantage in adopting BIM [78]



              	Training investment and lack of skilled users


              Buy-In among industry/adoption on a wider scale


              Not as useful for small projects


              Lack of adoption of standards for BIM across the industry [78]



              	Marketing new businesses


              Offering new services


              Reduced errors and omissions and rework


              Collaborate with Owners/Design firms


              Better cost controls/predictability [78]


              


              


              



            




            

              	UK

            




            

              	
Government's mandate to use BIM


              Owners’ mandate to use BIM


              Setting up of BIM task group to assist both public and private sector clients


              Competitive advantage in adopting BIM [125, 131].



              	Cost/funding/initial investment


              Training investment/lack of skilled personnel


              Buy-in among industry/adoption on a wider scale


              Lack of understanding and adoption of standards for BIM across the industry (especially SMEs) [78]



              	Better understanding of proposed design


              Fewer problems during construction related to design, fewer coordination errors


              Analysis and simulation capabilities


              Beneficial impact on project schedule and cost control [78]


              


              


              



            




            

              	Europe

            




            

              	
EU public procurement directives


              Strategic and public positioning of BIM


              Open standards and active private industry [132]



              	Lack of better processes and collaboration [78]



              	Enhancing organization’s image


              Increased profits


              Reduced errors and omissions and overall project duration


              Collaborate with Owner’s/Design firms


              Better cost control/predictability [78]


              


              


              



            


          

        




        

          

            

              	Key Drivers



              	Barriers



              	Realized BIM Benefits

            


          



          

            

              	Australia

            




            

              	
Development of National BIM Guide by NATSPEC [126, 136]



              	Interoperability


              Funding and resource cost


              Cultural barriers and perceived risk


              Lack of owners’ interests in embracing BIM [78]



              	Enhancing organization’s image


              Increased profits


              Reduced errors and omissions


              Reduced rework


              Collaborate with Owners/Design firms


              Better cost controls/ predictabilityy [78]


              


              


              


              


              



            




            

              	Singapore

            




            

              	Government’s Mandate to use BIM


              BIM based e-submission for approvals


              Education and incentive programs to assist AEC industry in adoption of BIM


              Development of Virtual design and construction leadership program [134]


              


              


              





              	Myth that BIM is costly or expensive


              Lack of trained people for BIM implementation [78]



              	Increased efficiency


              Smarter way to accomplish tasks


              Better control of cost and time


              Higher value at a similar or decreased cost


              Improved productivity in construction documentation preparation [78]

            




            

              	Hong Kong

            




            

              	Support from government regarding policy, mandates, and incentives


              Largely owner driven and premium general contractors [133]



              	Lack of standards and protocols


              Lack of contract and submission requirements


              System compatibility and exchange


              Change of culture and mind-set


              Investment, cost and effort [78]


              


              


              





              	Increased profits


              Collaborate with Owners/Design firms


              Higher value at a similar or decreased cost [78]

            


          

        




        

          

            

              	Key Drivers



              	Barriers



              	Realized BIM Benefits

            


          



          

            

              	China

            




            

              	
Owners seeking to improve facilities management through BIM


              Development of a draft for “Unified standard for BIM Application” [106]



              	Resistance of typical management process


              Conflict with benefits of traditional stakeholder roles and values


              Legal requirements in the construction market work against collaboration


              Lack of data interoperability


              Lack of human resources [78]


              


              


              





              	Enhanced organization’s image as an industry leader


              Faster client approval


              Offering new services and marketing new businesses


              Increased profits and reduced litigation and/or insurance claims [78]

            




            

              	India

            




            

              	Huge investment in construction sector with participation of international firms


              Increase in off-site prefabrication requiring coordination and information flow [106, 135]


              


              


              


              


              


              





              	Lack of human resources


              High software cost


              Resistance to change


              High implementation costs due to isolated ad-hoc use of BIM [78]



              	Less material waste


              Speedier completion


              Managing risks


              Ease in logistics [78]

            




            

              	Brazil

            




            

              	Host for international events - FIFA 2014 and Olympic Games 2016


              International firms working in Brazil improving BIM adoption [132]


              


              





              	Lack of leadership and coordinated approach from government [78]



              	Enhanced organization’s image


              Reduced construction costs, errors, and omissions


              Better cost controls/ predictability


              Collaboration with Owner/ Design firms [78]


              


              



            


          

        




      




      

        Table 2 Successful BIM projects and realized benefits of BIM.




        

          

            

              	Project



              	Challenge



              	BIM Benefits/Utilization

            


          



          

            

              	USA

            




            

              	Ohio State University [137]



              	Facility management for more than 500 buildings



              	Digitization of buildings data, building management and renovation and reduction in energy use

            




            

              	USC School of Architecture [137]



              	Collaboration among designers



              	Cloud server for collaboration, visualization, clash detection, real-world BIM project management

            




            

              	Sell Wood Bridge in


              Portland Oregon [137]



              	Congested site, construction while accommodating traffic needs specialized construction planning



              	Phasing of the project, point cloud data for accuracy, structural analysis, construction sequencing and simulation

            




            

              	Sutter Medical Health Facility [137]



              	Multiple project teams, 3D visualization of actual and designed building, information exchange



              	Cloud server for information exchange, clash detection, laser scanning to compare construction with the BIM model

            




            

              	Europe

            




            

              	Manskun Rasti, Finland [138]



              	Reinforcement detailing, integration of systems, accuracy in quantity take-off, 4D simulation



              	Integrated process, generation of production data


              4D simulation with construction phasing, planning and decision-making

            




            

              	Slovenian shopping mall, Slovenia [139]



              	Integrated base model creation, information sharing workflow, accuracy in cost and quantity take-offs



              	Structural model, minimized data errors and interoperability, accuracy in quantity take offs

            




            

              	Linge River bridge, Netherlands [139]



              	Cost effective replacement with minimal disruption, precise coordination between existing and new construction, planning for demolition



              	Clash detection, precise modeling using GIS data, structural modeling, 4D simulation for better planning and decision-making

            




            

              	Vienna Central Station [140]



              	Major railway station, simulate welding sequence, solving possible clashes, estimation, automate production



              	Simulation of various welding phases, clash detection, accuracy, faster modeling and design of various members, data for digital fabrication, accuracy in estimation

            




            

              	Project



              	Challenge



              	BIM Benefits/Utilization

            




            

              	UK

            




            

              	The Royal London Hospital [141]



              	Waste reduction, single data format flow, minimize inaccuracies, and coordination issues



              	Minimized waste due to reduced rework, 10% savings just in design stage, clash detection, activity sequencing, material quantity take-off at early stage

            




            

              	Widening of M25


              London orbital motorway [142, 143]



              	Timely completion, site constraints, BIM standards for infrastructure project, minimum disruption to existing traffic



              	Timely completion, BIM features for road design, data interoperability, clash detection, enhanced collaboration

            




            

              	Barts & London hospital project [143]



              	Virtual snagging requirement, construction monitoring, and planning, working with medical planner, supply change engagement



              	Virtual snagging and clash detection, monitoring and construction planning, quantity take-off, supply chain management especially large medical equipment were modeled for placement and movement of equipment inside the building

            




            

              	Project



              	Challenge



              	BIM Benefits/Utilization

            




            

              	Australia

            




            

              	Queensland State Archives Extension Project [144]



              	Four-storey structure around 11,000 m2, nearly 54 kilometers of shelving, internal environmental conditions requirements



              	Workflow modeling, mass model preparation, visual coordination of services, 4D modeling, clash detection between different services, planned progress versus actual construction, integrated modeling platform

            




            

              	1 Bligh Street [144]



              	A 30–storey, premium CBD high-rise office building, 42,000 m2 development, 5-star Australian Building Greenhouse Rating



              	Minimized interoperability issues, better information flow among stakeholders, services components modeling, 3D visualization, reduced RFIs, clash detection, monitoring tools, facilities management, isolated simulations, thermal simulation

            




            

              	Brisbane City Hall [144]



              	A services upgrade project, improve fire safety and protect the heritage-listed building



              	3D modeling, integration of architecture, structure, services and heritage layers, thermal analysis, laser scanning, progress monitoring, MEP modeling

            




            

              	Joint Contact Centre, Zillmere, Queensland [144]



              	A 6-star Green Star rating, office as-built, accredited housing facility, 4686 m2 of net lease area



              	Environmental performance assessment, natural light, reduced rework, more accurate information, 4D model for coordinating the construction, medium levels of detailing to a complex document of both 3D and 2D components, cost planning

            


          

        




        

          

            

              	Project



              	Challenge



              	BIM Benefits/Utilization

            


          



          

            

              	Singapore

            




            

              	Singapore Sports Hub [145]



              	A state-of-the-art 55,000 seat sports venue, air-cooled, a movable roof and retractable seating to host athletics, football, rugby and cricket all in one venue, largest span of over 310 m dome structure in the world



              	Visualization, coordination among the architect and structural engineer, clash detection, generation of accurate drawings and quantity take-off schedules, interoperability between the design and documentation model

            




            

              	Marina Bay Sands [146-148]



              	2,500 hotel rooms in three sloped towers, a one-hectare, and 340 m long Sands Sky Park, the longest cantilevered public observation deck in the world, and a museum



              	Generation of structural design and documentation, reduced construction time, well-coordinated execution, interoperability, integration of design despite teams distributed over multiple locations, a central repository for review, clash and co-ordination checks, and change management

            




            

              	Housing and Development Board (HDB) [149, 150]



              	Affordable housing, cost-effectiveness and quality standards and continuous improvement



              	Documentation for tendering, resource saving in preparation of building plans, increased productivity through innovation and re-engineering of the building design process, timely completion

            




            

              	D’Leedon [151]



              	Seven residential towers, 12 semi-detached villas and integrated landscaping with recreation facilities



              	Integration of construction value chain to improve productivity, design of precast molds, coordination of architectural, structural and mechanical and electrical works, ease in construction of nonlinear profiles of the buildings

            




            

              	Project



              	Challenge



              	BIM Benefits/Utilization

            




            

              	Hong Kong

            




            

              	West Kowloon Reclamation Substation [152]



              	Constrained site, high-voltage electrical connection



              	Harmonious design, construction and equipment installation and facility management, minimized impacts on the community, safety compliance check, clash detection, stakeholder engagement using visualization, and value engineering

            




            

              	Office Development at 14-30 King Wah Road [152]



              	Maximize sea views, boost building performance and reduce the building’s carbon footprint



              	Spatial coordination between structural design, building services and green features, common platform for communications, facilitating information sharing and collaboration, realistic picture of the size of apartments, 4D BIM model incorporated into tendering, and sustainability concepts to shape the building

            




            

              	Re-provisioning of Harbour Road Sports Centre and Wan Chai Swimming Pool [152]



              	Demolition of the existing sports center and swimming pool, construction of sports center and swimming pool on adjacent site



              	Resource savings in design, designed the pipe route, maintenance plan at design stage, an integrated design process that combined energy efficiency and green features, sun path analysis, and automated green rating

            




            

              	Preparation of Record Drawings for The Lady Hotung Welfare Centre and The Old Dairy Farm Senior Staff Quarters



              	Preparation of record drawing for implementation of Hong Kong’s policy on heritage conservation on the projects



              	Photogrammetry, recording process in which 3D measurements are derived from photographs, development proposals at feasibility and schematic design stages, cloud server for converting images into 3D geometry, and proprietary 3D laser scanning equipment to obtain data

            


          

        




        

          

            

              	Project



              	Challenge



              	BIM Benefits/Utilization

            




            

              	China

            




            

              	Shanghai Tower [153]



              	121-story high-rise incorporating office, commercial center and a luxury hotel, the tallest and most sustainable skyscraper in China



              	Monitor project stakeholders’ performance, global project team coordinated and collaborative designs, control and mitigation of rework, compressed construction schedule of 73 months (30% faster), support for operations like building services, asset management and space management

            




            

              	Shanghai Disneyland Resort [153]



              	Involvement of 140 disciplines, new to the use of BIM as a tool for design and coordination, input and voices of project and enterprise stakeholder needs to be balanced and treated with appropriate weight



              	Sharing of resources between 2 projects, well-coordinated design documentation, web-based social collaboration and cloud-based computing, visualization of planned versus actual progress, clash detection, and rework reduction

            




            

              	Phoenix Media Centre [153]



              	A ballooning torus form, which contains 65,000 square meters of media production and office spaces, including a dedicated visitors’ pathway through the building’s broadcasting studios



              	Resolve technical challenges, assist with detailing work, potential risks mitigation, saved time and increased quality, define unconventional workflows to provide data interoperability and ensure a seamless transition of information between design and construction model

            




            

              	China Zun Tower, Beijing [154]



              	528-meter-tall flagship building of Beijing’s 30-hectare central business district core



              	2D and 3D coordination work practice, development of BIM execution framework, continuous improvement as BIM adopted, reduction in coordination errors

            




            

              	Project



              	Challenge



              	BIM Benefits/Utilization

            




            

              	India

            




            

              	Chennai Airport Expansion [155]



              	Expansion and modernization project, a design-to-fabrication steel project, free-span, and wing-like roof structures more than 300 meters long, folded downward to form garden walls



              	Material procurement schedule, rapid generation of shop drawings, management of the project timeline, reduction in material wastage by 3.5 to 4% and increased productivity by more than 30%, multiuser authoring

            




            

              	The Crest, DLF -5, Gurgaon [156]



              	A high-end residential development with multiple towers and support facilities



              	Customization of program for local code, detailed reinforcement planning, preparation of quantity schedules, value engineering, identification and resolution of congestion and clash issues, modeling of complex structures, interoperability

            




            

              	Hyatt Grand, Gurgaon [157]



              	A high profile mixed use project, design intent for interiors, facade, landscape, MEP services, etc. needs very high degree of coordination and modeling precision



              	Clash resolution for complex areas, generation of drawings from BIM model, mitigation of numerous issues related to gaps in design, information, constructability and precise quantities, precise rebar model, quantities for project costing and verification of contractor’s bills

            




            

              	Sinter Plant, Odisha [158]



              	496 square meters Sinter Plant, complicated reinforced cement concrete building housing a large amount of process equipment



              	Rebar detailing, clash resolution, detection of headroom clearance and conflicts in integration of the components and minimizing rework, generation of bill of quantity, time saving, change management and extraction of reports

            




            

              	Project



              	Challenge



              	BIM Benefits/Utilization

            




            

              	Brazil

            




            

              	Dow Chemical Building [139]



              	Corporate headquarters - a 10-story, 12,000-square-meters building to accommodate around 800 employees and include office space, an auditorium, and a restaurant, as well as laboratories and other technical facilities



              	Overcoming coordination challenges, quantity take-offs, design review, accuracy and consistency of drawing in spite several design changes, sophisticated rendering or lighting presentations

            




            

              	Arena da Amazônia [159]



              	Multipurpose arena, for sports, leisure, and shopping



              	4D BIM model, better logistics, identification of interferences, accessibility checking, scenarios simulation, and work status view

            




            

              	Formosa Beach Hotel, Rio de Janeiro [140]



              	33 storey hotel with 594 guest rooms in urban reconstruction area that aims to be a high-quality public space, offering good services and delighting spaces



              	Design coordination and communication, steel fabrication specifications, conflict checking, decision-making at an early stage, and information management

            




            

              	Medical Center, Sao Paulo, Brazil [160]



              	8,500 square meters building designed to meet LEED Gold certification standards, time constraints in construction stage, installation, and commissioning of sensitive equipment, complicated construction staging



              	Streamline workflows in multiple disciplines, allow critical analysis, error detection, optimize costs and scheduling, simulation of alternative assembly sequences, and logistics
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