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Purpose: The implementation of building information modelling (BIM) has been
previously approached from various perspectives, but confusion remains regarding
BIM's full potential throughout the lifecycle (planning, design, construction, and
maintenance). The whole is viewed from distinct perspectives to reflect the full
potential and explain the tentatively unused potential.

Study design/methodology/approach: The study follows a conceptual research
approach in conjunction with a single case study. The BIM iceberg model is utilised
as an explanatory synthesis frame to reflect perspectives describing BIM utilisation.

Findings: A BIM implementation status framework is developed to describe the BIM
utilisation maturity in a typical case company. The framework is tested, and
indications of support for the logic of the BIM iceberg model are gained. BIM has
been used successfully in the early construction project stages (tip of the iceberg,
initial BIM). However, the below-sea-level parts, the collaborative and integrative
BIM - the full potential - are rarely recognised.

Originality/value: The presented BIM implementation status shows a gap between
the full potential of BIM and the level of BIM utilisation in practice.

Keywords: Building Information Modeling, BIM Mature Implementation, BIM
Iceberg

Introduction

The integration of information and communication technologies into construction has
revolutionised the way projects are delivered and is denoted by a recent trend towards
automation and data exchange through Building information modelling (BIM). The general
advantages of BIM are well known. BIM is interpreted as a catalyst for change and a solution
to inefficiencies in the construction industry (Hardin & McCool, 2015; Haron et al., 2009). BIM
can integrate and strengthen the quality of design and building processes (Antwi-Afari et al.,
2018; Bryde et al., 2013), facilitate integration and information flow (Azhar, 2011; Eadie et al.,
2013; Eastman et al., 2018), enhance predictability and executive efficiency (Merschbrock &
Munkvold, 2012) in less time (Autodesk, 2002) and at a lower cost (McGraw-Hill Construction,
2012).

However, the rate of implementation and use of BIM systems drags behind the possibilities
(Arayici & Aouad, 2010; Halttula et al., 2015) and simultaneously create new opportunities and
pose challenges (Tsai et al., 2014). The challenges against BIM implementation, such as lack
of competence (Ghaffarianhoseini et al., 2017), resistance to change (Eadie et al., 2013), legal
and technical barriers (Eastman et al., 2018; Merschbrock & Munkvold, 2012), and lack of
willingness to share information with project participants (Siebelink et al., 2021) have been
studied extensively. From a building project lifecycle perspective, BIM implementation is slow
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and limited to design and construction phases (European Construction Sector Observatory,
2021; Gholizadeh et al., 2018; Olanrewaju et al., 2022), and BIM's full potential is yet to be
realised (Hull & Ewart, 2020; Sacks et al., 2020). Furthermore, the ambiguity surrounding
BIM's meaning, business value, and objective, embedded in the diverse approaches by
individuals from different disciplines, hinders establishing a common understanding among
stakeholders and makes BIM challenging to implement (Zuppa et al., 2009).

BIM implementation has been investigated from a variety of perspectives (Gu & London,
2010), by individuals from distinct disciplines, including architects (Son et al., 2015), facility
owners (Love et al., 2013), contractor suppliers (Korpela et al., 2015), and engineers (Aranda
et al., 2020) with a focus limited to their specific area. The challenge is that the approaches in
BIM implementation are presented in isolation, ignoring the expectations and limitations of
other disciplines. As a result, the distinct approaches cannot contribute towards collaborative
BIM implementation. Hence the major benefits remain undiscovered, even though BIM's value
lies in collaboration and integrating stakeholders and systems throughout project lifecycles.

Most BIM-related studies have been conducted by isolated actors, focusing on distinct groups
of participants, including designers, contractors, and owners, while neglecting second-level
actors such as suppliers (Papadonikolaki et al., 2017). Despite wide evidence that BIM enables
a high level of collaboration and integration, the use of BIM beyond the project boundaries by
structured, multi-disciplinary teams such as contractually bound supply-chain partnerships is
still not completely understood (Papadonikolaki et al., 2016). Even though both BIM and
supply chain management have been demonstrated to aim towards integration. Kuiper and
Holzer (2013) agree that all collaborative procurement methods support BIM. Meanwhile,
integrative capacity could induce collaboration and integration across the supply chain
(Papadonikolaki & Wamelink, 2017).

There is a need to look at BIM implementation from a holistic perspective, considering
alternative approaches to realising BIM's full potential in the construction lifecycle. Therefore,
it is desirable to investigate the BIM utilisation maturity with a holistic perspective throughout
the project lifecycle and consider intra- and beyond project activities. This study aims to
synthesise distinct previous approaches to BIM implementation and supply chain integration.
A conceptual approach is followed to present an explanatory synthesis of approaches describing
BIM utilisation maturity. First, related concepts to BIM implementation are grouped and
offered through avenues. The term avenue refers to possible ways of presenting the approaches.

It is worth noting that the aim here is not to compare, sort, or equalise the avenues. Instead, the
aim is to develop a whole from distinct perspectives to reflect BIM's full potential and explain
the tentatively unused potential of BIM. Based on the synthesis, a BIM implementation status
framework is developed using the BIM Iceberg analogy. Since the focus is to reflect BIM's full
potential, the BIM implementation status framework will help pinpoint the used and hidden
potential of BIM in practice. The following research questions (RQ) are aimed to answer:

RQ1: What approaches/avenues can describe BIM utilisation within a project life cycle — levels
of BIM iceberg?

RQ2: How do typical case company projects realise and represent the maturity of BIM
utilisation?

The practical applicability of the developed framework is tested through case analysis. It is
argued that construction projects can utilise the framework to assess their progress toward
mature BIM implementation. The framework reveals the BIM implementation status in
construction projects and indicates steps required to realise BIM's full potential.
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This paper is structured as follows: The following section presents the research process and
applies methodology under the heading materials and methods, describing the process of
conceptual research and the case study approach. The literature review section introduces a
brief outline of avenues of describing BIM utilisation maturity, including the purpose and
evolutionary logic, BIM implementation across a project lifecycle, BIM maturity, and how
supply chain integration and supplier coordination studies are framed. This section concludes
with a synthesis of the reviewed literature and offers linkages to the BIM iceberg and
foundations for the developed BIM implementation status framework. The data analyses and
findings from the conceptual research and case study analysis follow. This section begins with
a presentation of the BIM iceberg and then analyses the BIM implementation status framework
in a case study. A traffic light indicator is used to interpret the status of BIM implementation.
Next, the BIM implementation status framework with case company indications is presented.
In the last two sections, a discussion and conclusions suggest the theoretical and managerial
implications and limitations and future directions.

Materials and methods

This study is mainly based on a conceptual research approach combined with a qualitative case
study. The conceptual research is carried out through literature reviews on relevant concepts to
explain different approaches to BIM utilisation maturity. In addition, an integrative literature
review (Torraco, 2005) is used to cover both academic and practical studies and generate new
frameworks and perspectives on the topic. A procedure for identifying, selecting, assessing, and
synthesising literature was followed in this study. As a result, the first step was to search for
relevant studies in line with the research objectives, which included journal articles, conference
papers, and books written in English. The key parameters (Wilson, 2014) in RQ1 were used to
set study boundaries to focus on the study's objectives and narrow down what was intended to
be searched. BIM implementation and lifecycle approach are defined as the key parameters in
this study. Therefore, the scope of the study is limited to papers that focus on BIM
implementation through the entire construction cycle.

After the first search phase, all discovered publications' abstracts, key results, and conclusions
were assessed to see if they were relevant to the study topics. For this purpose, the following
exclusion criteria were used: articles that did not refer to the research topic or were duplicated.
The remaining identified publications were reviewed in-depth to see how BIM implementation
is discussed throughout the project lifecycle. The search goes beyond academic databases, as
publications by relevant stakeholders, such as standard committees and software-solution
providers, are reviewed. The most frequently used concepts of mature BIM implementation are
selected, and avenues are formed from categorised concepts based on similarities.

A synthesis of the key concepts is drawn, as illustrated in the last part of the literature review
section. The synthesis forms the theoretical foundation of this research and represents avenues
about BIM utilisation maturity throughout the project lifecycle. The synthesis serves two
purposes: first, the synthesis supports the BIM iceberg perception by allowing side-by-side
comparisons of different stages of avenues in the synthesis to explain the full potential of BIM
compared to its realised application. Secondly, it is used to develop a framework to examine
the status of BIM implementation in practice.

The single case study examines the findings of the conceptual research. Yin (2009) defines case
study research as “an empirical inquiry that investigates a contemporary phenomenon (the case)
in depth and within its real-world context, especially when the boundaries between
phenomenon and context may not be evident” (Yin, 2009, p. 18). Accordingly, the initial focus
of the data collection and analysis will be on the case company. The single study aims to
undertake a modest test of the proposed framework to demonstrate how it can be used in
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practice. The role of empirical data then is to explain and evaluate the applicability of BIM
implementation and pinpoint how the framework represents the level of BIM implementation.
The company was chosen based on purposive sampling (Marshall, 1996), as the case was rich
with information about the substantive research problem. A traffic light indicator is used to
interpret the status of BIM implementation: green means the avenue steps are successfully
utilised, yellow means they are partially used, red means they are recognised but not used. The
diagonal stripes show the steps that are not recognised at all. Findings from the literature review
and the company interviews are discussed in the data analysis and findings section. This section
begins with a presentation of the BIM iceberg and then analyses the BIM implementation status
framework by a case study. Figure 1 illustrates the research process.

Literature Evaluation Current State Analysis of the
Review Framework Analysis Result
Reviewing thc? faarl}er i il
research on utilization Avenues for . L
. . ) Testing the framework applicability of results/
maturity of BIM evaluating potential of in th - Scientific implication/
within a project’s life ) BIM ) ¢ case company ) Clentiic impucato
Future reaserch
cycle
RQ1 RQ2

Figure 1: Research process

Literature Review: different avenues of describing the maturity of BIM utilisation

The following avenues for describing the maturity of BIM implementation (referring to
readiness, the capability to perform, and performance maturity) and utilisation are outlined:
‘purpose and evolutionary logic of BIM utilisation’, ‘BIM implementation across project
lifecycle’, ‘BIM maturity’ and ‘supply chain integration and supplier coordination’. The
purpose of BIM and the evolutionary logic of BIM utilisation provide insights into the projects’
readiness to implement BIM. This paper reviews the steps towards mature BIM implementation
to demonstrate how it can benefit from BIM capacities in stages over a project's lifecycle. In
addition, the literature on supply-chain integration, and development of supplier coordination,
are reviewed since the mature implementation of BIM requires people and systems integration
aside from communication, including that with supply-chain members. Finally, a synthesis of
the above avenues is presented at the end of this section to give a fresh perspective by
considering different streams of research to focus on the core aspects of BIM implementation.

Purpose and evolutionary logic of BIM utilisation

BIM is usable as a multidimensional concept (Succar, 2009) for different purposes within the
construction phases. Along with the growth in BIM acceptance, the industry has transitioned
from merely adopting BIM to successfully implementing it. Ahmed and Kassem (2018) propose
a BIM adoption taxonomy including innovation characteristics, external environment, and
internal environment as the main drivers of successful BIM implementation. The term
implementation differs from adoption and refers to a "three-phased approach, combining
organisational readiness to adopt, capability to perform, and performance maturity."(Kassem &
Succar, 2017, p. 288). Studies on the purpose of BIM utilisation show how BIM utilisation has
mainly focused on the initial BIM capabilities. BIM is primarily utilised as a tool in the early
stages of building projects, such as preconstruction and design, with a limited aim of
visualisation and error detection, rather than facility lifecycle management (Zuppa et al., 2009).
Technological advances in construction have resulted in the increasing adoption of BIM as a
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new system (Gledson & Greenwood, 2016) to improve construction projects' current drawing-
based performance. BIM utilised 3D-graphic data initially, and the more comprehensive BIM
usage expanded to an nD environment (Jung & Joo, 2011).

An evolutionary logic and a paradigm shift are visible in the literature regarding the purpose of
using BIM in terms of technological and operational levels. With advancements in BIM
implementation from the design and building phases through maintenance and facility
management, several functions and their dimensions are developing from 3D to nD (Charef et
al., 2018). Furthermore, BIM 3D, which includes CAD representations of numerous
construction aspects, is enhanced by additional dimensions such as time, cost, sustainability
data, and facility management data (European Construction Sector Observatory, 2021; Turk,
2016). Turk (2016) connects the evolutionary logic to use BIM to the contemporary challenges
of building projects, stating that the primary challenge for building projects was about the
digital representation of buildings. As digital representation became achievable and matured,
the next challenge involved creating, developing, and using digital representations most
efficiently within the building lifecycle (Turk, 2016).

Diffusion of BIM functions has been studied across 118 companies in the AEC industry
(Architecture, Engineering, and Construction) to demonstrate the most widely applied BIM
functions , including 3D visualisation, clash detection, constructability analysis, and building
design (Becerik-Gerber & Rice, 2010; Gholizadeh et al., 2018). Nevertheless, the utilisation of
BIM for building lifecycle management is still limited (Becerik-Gerber & Rice, 2010). Despite
the proven benefits of using BIM for facility management, facility managers are not always
provided with BIM information, which prevents them from exploiting the cost-cutting
opportunities (Eadie et al., 2013). Furthermore, implementation of BIM for facility
management is challenging since it necessitates a comprehensive set of well-structured
information about the building asset (Nical & Wodynski, 2016; Prins & Owen, 2010). In other
circumstances, facility management has not been required to provide BIM data to increase the
accuracy and reliability of design documentation (Kaner et al., 2008).

While recent studies propose a better grasp of BIM and its application to facility management
(V. Ahmed et al., 2017; Li et al., 2019; Péarn et al., 2017; Patacas et al., 2020), there is still a
need to improve the use of BIM in a variety of facility management contexts (Asare et al., 2021;
Wang et al., 2022). Recently, there has been an ongoing trend towards collaborative work in
line with contemporary concerns and the more executive domains like asset information
management (Heaton et al., 2019), sustainable construction (Carvalho et al., 2019), supply
chain management (Chen & Nguyen, 2019) and energy consumption management (C. Zhang
et al., 2018). Therefore, visualisation has been an initial aim of BIM utilisation, and building
lifecycle management has been the utmost aim.

BIM implementation can be viewed through the lens of various tasks. For example, BIM has
been applied to inter-organisational design coordination (G. Lee & Kim, 2014), automated
building design (Tang et al., 2020), and automatic hazard identification and error detection (S.
Zhang et al., 2013). Besides that, BIM can be used in construction management, for example,
in construction safety management to minimise construction fatalities (S. Zhang et al., 2013)
and risk management and maintenance management (Zou et al., 2017). Another strategy for
BIM implementation that has been investigated is vertical integration (Lehtinen, 2010, 2012).
The studies have emphasised the importance of the project network's organisational structure
in BIM implementation and propose management support, technology management,
motivation, and job definition as structurally relevant variables in BIM implementation.

The effective BIM deployment is discussed to show variety and paradigm shifts in practices.
Taylor and Bernstein (2009) indicate that the variety of existing interpretations (paradigms) of
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BIM implementation increases the difficulty in developing common inter-organisational
practices for reaping the benefits. The study identifies four common paradigms: visualisation,
coordination, analysis, and supply-chain integration, inducing an evolutionary model for BIM
practice paradigm trajectories in project networks (Taylor & Bernstein, 2009).

BIM implementation across the project lifecycle

BIM is meant to be used in all project lifecycle phases (Autodesk, 2002; Azhar, 2011), including
design, construction, and operation, further changing the phases' components and the linkages
between phases and activities (Ding et al., 2014; Succar, 2009). A project lifecycle can
encompass "project inception, feasibility, design, construction, handover, operation,
maintenance, and eventual demolition" (Eadie et al., 2013, p. 146). Due to the fragmentation of
building projects, BIM is implemented separately in the preconstruction, design, construction,
and operation stages, resulting in losing potential value in lifecycle management (Xu et al.,
2014). Despite BIM’s applicability during the entire construction process, BIM is currently at
its early stages of realising its full potential (Alizadehsalehi et al., 2020; Gilligan & Kunz, 2007)
and is used mainly in the initial phases of construction projects (Eadie et al., 2013; European
Construction Sector Observatory, 2021; Zuppa et al., 2009). However, the greatest cost-saving
potential lies in the construction phase, as the bulk of costs and the benefits of BIM
implementation occurs downstream of the construction value chain (World Economic Forum,
2018). Therefore, the implementation of BIM during the construction phase appears as the most
challenging. Halttula et al. (2015) indicate that BIM is a technology that enables integration,
value co-creation, and earlier collaboration among involved parties through comprehensive data
storage and simulation. To reap the full benefits of BIM across a project’s lifecycle, many
changes need to be made to processes and organisational rules in contractual and collaboration
practices (Eadie et al., 2013; Merschbrock & Munkvold, 2012).

BIM maturity

BIM maturity aims to assess AEC firms' capacity to implement BIM within the organisation
and/or future projects (Nepal et al., 2014). The BIM maturity approach shows considerable
similarities with the BIM implementation methods, following almost the same logic as the
evolution of the BIM usage. Just as there is an ongoing trend towards successful BIM
implementation, increasing attention has been on evaluating BIM usage methods. Various BIM
maturity evaluation models with varying focus areas are developed. Each model assesses
different competencies based on intended user groups and evaluation styles for a range of
maturity levels (Dakhil, 2017; Giel & Issa, 2014). Dakhil (2017) has categorised existing BIM
maturity toolsets into three major classes: individual-focused (e.g., BIM competency),
organisational-focused (e.g. BIM maturity matrix and owner maturity matrix), and project
focused (e.g., VDC ScoreCard). Succar et al. (2012) propose five complementary BIM
assessment metrics (capability stages, maturity levels, competency sets, organisational scales,
and granularity levels), which provide opportunities to measure and improve performance.

NIBS (2007) has published several BIM maturity assessment tools: Capability Maturity Model;
the BIM deliverable matrix, targeted at the type and delivery stage of BIM products (ACE,
2008); the IU BIM proficiency matrix (Eastman et al., 2018), which focuses on BIM products
in phases throughout the building lifecycle; and the BIM Matrix (Succar, 2010) offering a
comprehensive framework based on a comparatively exhaustive review of prior research (Dib
et al., 2012; Giel & Issa, 2014). The BIM Matrix provides the most comprehensive framework
for benchmarking BIM maturity—considering designers, contractors, and clients—compared
to the other models mainly focused on single BIM aspects.
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Succar’s (2010) approach is based on project readiness for BIM implementation. BIM maturity
is subdivided into three fixed stages: object-based modelling, model-based collaboration, and
network-based integration. In the object-based modelling stage, BIM is perceived and utilised
as an object-based 3D parametric software tool that generates a single-disciplinary model
within a specific project phase. In the model-based collaboration stage, project players actively
collaborate with other players, and the exchange of information takes place through more than
a single-disciplinary model. Concurrent construction is possible in the network-based
integration stage due to high BIM implementation maturity. In this stage, semantically rich
integrated models, interdisciplinary nD models, are created, shared, and maintained
collaboratively (Succar, 2010). The network-based integration of firms in BIM implementation
facilitates the long-term BIM use vision by integrating people, systems, business structures, and
practices into a process benefitting from the insights of all project players. Each stage is a
prerequisite for the next one, and firms should traverse incremental, evolutionary steps to
provide different prerequisites, solutions, and deliverables across the continuum.

BIM capabilities could potentially push building projects’ boundaries and enhance
collaboration and integration, including supply chains. BIM encourages collaboration (Succar,
2009), coordination (Antwi-Afari et al.,, 2018), and integration (Eastman et al., 2018;
Merschbrock & Munkvold, 2012; Zuppa et al., 2009), improving productivity and project
performance (Ghaffarianhoseini et al., 2017) throughout the construction lifecycle (Eadie et al.,
2015; Zuppa et al., 2009). Furthermore, there is a synergetic connection between the full
potential of BIM implementation and supply-chain integration (Aram et al., 2013; Getuli et al.,
2016; Irizarry et al., 2013; Papadonikolaki & Wamelink, 2017; Taylor & Bernstein, 2009).

Supply-chain integration and supplier coordination

Supply chain management is viewed as corresponding to collaboration (Fawcett & Magnan,
2002) and defined as "the network of organisations that are involved, through upstream and
downstream linkages, in the different processes and activities that produce value in the form of
products and services in the hands of the ultimate customer" (Christopher, 2011, p. 13). A
construction supply chain is complex because of the number and diversity of players (project
clients; main and sub-contractors; labour, material, and equipment suppliers; and consultants)
(Meng, 2013). It makes supply-chain integration necessary for reaching an advanced level of
supply chain management (Fawcett & Magnan, 2002). Currently, suppliers’ relationship in the
construction supply chain is short term and adversarial (Bresnen & Marshall, 2000; Fulford &
Standing, 2014; Meng, 2013; Saad et al., 2002), which calls for a shift toward more
collaborative methods of managing supply chains (Vrijhoef & Koskela, 2000). Building
projects characterised by an adversarial and risk-shedding attitude do not employ compatible
information systems and suffer from the lack of interoperability, cooperation, and information
exchange (Papadonikolaki et al., 2016; Succar, 2009). BIM can be expected to play a vital role
as a supply chain integrator (Taylor & Bernstein, 2009). It is widely acknowledged that BIM
can provide semantically rich, integrated, and interdisciplinary models utilisable by a network
of players. Indeed, the focus of BIM technology should be on process integrity, participant
initiative, and consistency of behaviour based on supply chain management's main concepts
(Wu & Xu, 2014). Despite the broad agreement on BIM’s capability to improve the efficiency
of construction projects by providing integrated collaboration within supply chains (Aram et
al., 2013; Getuli et al., 2016; Irizarry et al., 2013; Papadonikolaki & Wamelink, 2017), most
BIM-related studies have been realised by isolated actors, neglecting second-level actors such
as suppliers (Papadonikolaki et al., 2017). It is desirable to review supply chain integration
literature about BIM use beyond project boundaries with a project life cycle perspective.
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There is a strong commonality between the stages of BIM implementation across the project
lifecycle and supply-chain integration attitudes. The object-based modelling stage (Succar,
2010) can be compatible with the traditional supply chain management view, the arm's length
concept. The arm's length concept encourages maximising buyers' bargaining power and
decreasing buyers' dependency on suppliers to maintain suppliers at arm's length without any
commitment (Dyer et al., 1998). Both approaches share competitive and risk-avoiding attitudes
embedded in a context with minimal communication and data-sharing. In contrast, the partner
model emphasises the collaboration benefits that lead to improved performance and quality
through the flow of information and task coordination (Dyer et al., 1998). The partner model of
supplier management is in harmony with the BIM practice paradigms at an analysis level
(Taylor & Bernstein, 2009) and could be compatible with model-based collaboration and
network-based integration stages of BIM implementation proposed by Succar (2010). All of the
mentioned approaches emphasise the necessity of integrated models, which are
interdisciplinary nD models created, shared, and maintained collaboratively across the project
network and supply chain (Dyer et al., 1998; Succar, 2010; Taylor & Bernstein, 2009).

Spekman et al. (1998) propose key transition stages from being an important supplier to
becoming a supply chain partner. The most traditional attitude of open market negotiation is
similar to the arm’s length model (Dyer et al., 1998). The relationship between buyers and
suppliers is adversarial and based on price. Longer-term contracts with fewer suppliers are used
in the cooperation stage to advance relationships among parties. Next is the coordination stage,
during which the process efficiency, information sharing, and teamwork improve dramatically.
The final stage of supply-chain integration is the collaboration stage, which overlaps with the
supplier management partner model (Dyer et al., 1998), in which the supply chain is integrated,
and parties benefit from joint planning and technology sharing (Laiho, 2015; Mejias-Sacaluga
& Carlos Prado-Prado, 2002; Spekman et al., 1998).

Contractor and supplier inefficiencies may hinder successful project delivery by generating
poor communication and coordination (Alaloul et al., 2016; Alzahrani & Emsley, 2013;
Gomarn & Pongpeng, 2018). Specific coordination mechanisms could manage supplier
relationships and achieve mutual advantages (Jayaram et al., 2010; Xue et al., 2005). Supplier
coordination might be driven by a variety of objectives, including resource sharing (Narus &
Anderson, 1996), resource dependency (H. Lee, 2000), mutuality and interdependencies
between supply chain units (Simatupang et al., 2002), information system and coordination
(McLaren et al., 2002), cultural and strategic implementation of supply chain coordination
(Barratt, 2004), joint decision making (Hill & Omar, 2006) and coordination mechanism
linkage with supply chain performance (Arshinder, 2008; Hines et al., 2000).

Hines et al. (2000) presented a four-stage framework for improving supply-chain performance
by strengthening integration and alignment of buyer-supplier relationships. The no-coherent
strategy is similar to object-based modelling (Succar, 2010). The arm's length approach (Dyer
et al., 1998) is the first stage in which the suppliers lack a shared working approach and do not
cooperate. As a result, many unstable suppliers operate in an adversarial relationship with
minimal integration and information exchange. The following two stages are piecemeal
coordination and systematic coordination, in which companies take a proactive approach in
close cooperation with more stable partnerships. Like BIM model-based collaboration (Succar,
2010), extensive data sharing takes place based on mutual advantages. The ultimate integration
in supplier coordination occurs in the final stage, network coordination, where companies take
a proactive role to develop consistent working methods for mutual benefits throughout the
supply chain. Finally, suppliers work together in long-term partnerships within the network
through accurate and detailed data exchange via digital platforms, similar to BIM network-
based integration (Succar, 2010), collaboration stage (Spekman et al., 1998), and partner model
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of supplier management (Dyer et al., 1998). Dallasega et al. (2018) looked at the effects of
industry 4.0 principles on construction supply chains and found that using digital collaboration
technologies can improve collaboration and supply chain operations. Concerning information
technology, Getuli et al. (2016) conclude that BIM-based monitoring systems improve the
coordination, control, and productivity of construction supply chain activities.

Synthesis of different avenues of describing BIM utilisation maturity

The purpose of BIM, the rationale for BIM application throughout the construction lifecycle,
the development stages in its implementation, as well as the integration and coordination of the
supply chain, are all reviewed to assess organisational readiness to adopt BIM, BIM's capability
to perform, and its performance maturity. Figure 2 depicts an explanatory synthesis of the
studied avenues. Any overlaps between the avenues can be argued. The root cause is that all
the investigated options contribute to realising BIM's full potential. It is, however, important to
note that the purpose of this study is to highlight the tentatively untapped potential of BIM from
many viewpoints, not to compare or equalise the avenues. Furthermore, the graphic lines that
separate the stages within each avenue do not represent a clear separation. Individual paths
advance in stages, from ad hoc to optimised, with the possibility of overlaps between them.

. - Optimized
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Purpose and Evolutionary Logic
of BIM Utilization (Becerik-Gerber . e Supply chain

Visualization inati i PPy
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Figure 2: Explanatory synthesis of different avenues of describing BIM utilisation maturity

Data analysis and findings

The explanatory synthesis of different avenues of describing BIM utilisation maturity is used
in this study for two purposes: first, a version of the BIM iceberg is developed with a side-by-
side comparison of the synthesis (Figure 2) to explain the full potential of BIM compared to its
realised application (Figure 3); second, the synthesis (Figure 2) is used as a basis to develop a
BIM implementation status framework that indicates the level of BIM implementation and to
test its practical applicability through a case study.

BIM iceberg

The iceberg model depicts how a small portion of each phenomenon is apparent, with the
majority hidden beneath the water's surface. In a vertical view, the early stages of each
identified BIM utilisation avenue, the already realised capacity, form the tip of the iceberg. The
steps required from ad-hoc to mature form the base of the iceberg. BIM iceberg breaks down
BIM's potential into sub-categories to make it more understandable, namely "initial BIM,"
"collaborative BIM," and "integrative BIM". It's worth noting that combining these three
classifiers facilitates BIM implementation through the project lifecycle. Initial BIM refers to
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stand-alone modelling and visualisation, which makes use of BIM's limited, apparent and
achievable capabilities in the early project stages (Small BIM)(Jernigan, 2007).

The bulk of the iceberg (Big BIM)(Jernigan, 2007) consists of two sections and is termed as
"collaborative BIM" and "integrative BIM". The bulk of the iceberg refers to the incredible
potential of BIM (Jernigan, 2007), which is crucial to the effective implementation of BIM but
is concealed from observation and difficult to achieve. Collaborative BIM refers to the next
step of BIM implementation just below the surface and is about to be realised. At this level,
BIM implementation is expected to move to the construction phase as an enabler of
collaboration. Model-based collaboration as an effective tool for analysis may enable a more
proactive approach to work with suppliers to eliminate waste through open-market negotiations.
Integrative BIM, the deepest section of the BIM iceberg, refers to BIM's most challenging to
achieve functionality. Integrative BIM may be further developed to be used in construction,
operation, and maintenance phases and manage entire construction projects. The common
method of working based on mutual advantages (partnering-based supply chain) spreads across
the highly collaborative supply chain. Network-based integration, integrated supply chain, and
integrated project delivery as the ultimate BIM goal reside in the deepest portion of the iceberg.

The synergetic link between full BIM implementation potential and integrated supply chain is
visible. However, at the tip of the iceberg, where the building projects use compatible
information systems, they are characterised by adversarial and short-term relationships and lack
interoperability. Along with mature BIM implementation towards the bulk of the iceberg,
supply-chain performance can improve by increasing integration and alignment of buyer-
supplier relationships.
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Hypothesis: The level of BIM implementation might be possible to assess and indicate through
the compliance with the avenues of BIM implementation maturity that seem to correspond with
the related penetration across the BIM iceberg model. The BIM implementations status could
be indicated by visually showing the compliance with the maturity stages.

The case company (Company X) representation of BIM utilisation

The synthesis (Figure 2) is used as the basis for the BIM implementation status framework, and
its practical applicability is tested. A traffic light indicator is included to add a visual indication
of the status of BIM implementation. The avenues of the synthesis were used as a guide to
outlining the required steps towards the full potential of BIM utilisation. Based on that, an
interview guide was created (Appendix A). The interview guide offers detailed explanations
about the meaning and aims in each individual stage of the avenues to make it more reasonable
and understandable for interviewees in construction projects. The status of BIM implementation
in construction projects is specified and visualised using the framework.

The empirical data was collected through a formal group interview held in the case company.
To clarify the discussion, the researcher presented the synthesis topics, supporting the interview
guide (Appendix A). The steps in the interview guide were followed during the interview. The
main agenda revolved around the status of BIM implementation from diverse approaches in the
company’s projects. The interviewees discussed the topics interactively, and the company gave
impressive comments and examples. The framework and the interview guide were also shared
with other personnel who contributed but could not participate in the interview. Examples and
comments are given for each framework step to describe the level of BIM implementation in
the company.

It is noteworthy that the evaluation was carried out based on the company’s current practices,
not their plans. Therefore, the steps of each avenue are analysed one by one, and the status of
BIM implementation in practice concerning each step is discussed collectively. The traffic light
indicator is used to make it easier to interpret the status of each step. Green indicates that the
avenue steps are successfully complied with, yellow indicates that they are partially complied
with, and red indicates they are recognised but not complied with. The diagonal stripes suggest
that the steps are not recognised at all. The status of each avenue is briefly described below.

Avenue 1: Purpose and evolutionary logic of BIM utilisation

The case company uses data for visualisation, clash detection using IFC combination models,
and scheduling. BIM is used to visualise, for example, design solutions. Combination models
are used for visualisation and clash detection. Therefore the 'visualisation' step is successfully
utilised, so coloured green. The coordination function of BIM implementation (e.g., error
detection) is not Company X's everyday business. Error correction and model improvement are
time-consuming. In design contracts, it should be specified that errors should be fixed
immediately, particularly if the error is in a critical path. Otherwise, designers will delay the
project, requiring more time to fix the errors than what is needed. Therefore, the coordination
function of BIM partially complies with Company X, and the 'coordination' step is coloured
yellow.

The Analysis step of the framework is coloured red. This stage aims to explore a variety of
analytical options in using BIM. This functionality is recognised but hardly utilised in Company
X. For example, flow sizes have been specified in a model regarding the flow of wind and
ventilation. Supply chain management, the last step, is not recognised yet, so diagonal stripes
colour it:" I know that we have kind of company-level whole. The case company level -supply
agreement, I do not know if they are tied to any of the modelling stuff so, that, by the way, is
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one of the problems also that you have big company-level agreements. You missed the link
from the models, and it's even more difficult for the processes."

Avenue 2: BIM implementation across the project lifecycle

The preconstruction as the first step of this avenue is coloured yellow. Company X is
developing some requirements for designers and how they should model, taking place in a
couple of concurrent projects. The company proposes requirements from designers, doing a
certain level of modelling based on the ‘Talo 2000’ standard. Requirements are not that high
since they are expensive, and the potential benefits are uncertain. Architectural 4D (3D+
schedule) models provide designers with data interchange, clash detection, preliminary material
requirement planning, site geometry structures, bidding competition, product models, and
numbers. So, it means that BIM is partially complied with in the preconstruction, feasibility,
and project development phase. For Company X, the model is of the building itself instead of
the building process. The maintenance phase is also considered in a special project undertaken
in Company X, as consumers demand: "It's the first experience of the Company X using the
model for later phases". For example, an old building was laser scanned and made applicable
to the later design in the feasibility and project development phase.

In the design step, BIM is used successfully in some cases but only partially in others. So, the
design step is coloured somewhere between yellow and light green. In this step, designers can
provide requested data to some extent. For example, rooms that have been designed can be
redesigned. In addition, it is possible to take off preliminary quantities from the model for
procurement (contract pre-survey), cost-planning, and scheduling. Spaces are also used for
quantity take-offs.

BIM is only used in a few circumstances and is rarely utilised in the construction step, even
when recognised. Therefore, the construction step is coloured red with a light-yellow corner.
At this level, sourcing from the construction site is utilised. Company X uses on-site supervision
for clash detection, scheduling, and visualisation in special cases. There is some concern over
using new technologies, and it is assumed that background software is required to implement
BIM. In Company X, it is quite rare that a built model be used for maintenance. The special
tasks of operation and maintenance were recognised by the case firm but were not used.
Therefore, the operation and maintenance step is coloured red.

Avenue 3: BIM Maturity

The Object-based modelling step is coloured green with a yellow corner. The company uses the
BIM model, but PDF files are still being transferred and often printed, depending on the project
type, partner working methods, age, and skill level. It signifies that BIM object-based modelling
is successfully used, but there are still some areas where it is only partially implemented.
Models are object-based, but once users take a PDF, they are not fully object-based anymore
(as indicated by the yellow corner). The model's collaborative implementation is extremely
project-based, depending on the partners. Active collaboration between single or multiple
project phases through a single collaborative model (multi-user model) is yet to be
accomplished. Consequently, the model-based collaboration step is coloured partially green,
partially yellow, and mostly red.

Network-based integration is recognised and used to some extent. Therefore, the step contains
a single yellow corner but is otherwise red. In specific instances, Company X has preferred
designers, sub-suppliers, and sub-contractors, but at a system level, they cannot use the same
systems used by the company. Limited concurrent construction occurs in special cases when a
model-based schedule is in place or the currently installed component can be inferred from the
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model. “They don’t use the model necessarily at all but start to report the level of readiness, but
it’s not based on the model, but they did it with the model”. The last step, integrated project
delivery, is yet to be recognised and is coloured with diagonal stripes.

Avenue 4. Supply-Chain Integration and Supplier Coordination

This avenue explores whether BIM provides critical solutions for supply chain integration and
vice versa. The commercial model typically used in projects excludes many excellent
collaboration features, as it calls for a bidding competition for construction when the designs
are complete. As a result, collaborative opportunities have been severely limited, and building
contractors cannot influence the design. As a result, over half of the design experience is lost.
The Arm's Length Model/Open Market Negotiation, the first stage of the avenue, is successfully
used in Company X, and the step is coloured green. Adversarial relationships exist based on
risk-shedding attitudes within a low communicative and data-sharing atmosphere. The
cooperation stage of supply chain integration is coloured yellow, as the company's relationships
shift gradually towards joint work among partners. Therefore, the cooperation stage of the
avenue is recognised but not used.

There is no evidence that coordination is recognised or understood. Company X would
occasionally share some data with contractors, and, within the project, Company X influences
other parties and preferred suppliers and designers. In some special projects, influence is
possible, but there are projects where influence is not possible. Hence, the coordination step is
coloured red partially, and the remaining part of the step is coloured with diagonal stripes for
non-recognised coordination values. The last step, the Collaboration/Partnering Based Model,
is yet to be recognised, and therefore filled with diagonal stripes: “The last stage has diagonal
stripes, maybe understood but seen as hard to realise, as the full system would be necessary
including model and management practices”. The resulting model, tested by the interview
findings, is presented in Figure 4.
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Figure 4: BIM implementation status framework with Company X status indication.
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Discussion

This research takes a building project lifecycle view to unite perspectives to BIM utilisation to
indicate BIM maturity the extent of BIM utilisation and show the potential yet to be fulfilled
through the construction project lifecycle. Understanding the BIM implementation status is
vital as the fragmentation of the construction lifecycle cause challenges for the use of intelligent
data. Four avenues of BIM implementation maturity are combined into a status framework to
indicate compliance with the maturity stages. The corresponding analogy with the BIM iceberg
and the related penetration supports the understanding. The early, easy-to-obtain BIM
capabilities form the tip of the BIM iceberg (the initial BIM — ad hoc in the created status
framework).
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In contrast, the challenging-to-acquire integrated practices form the iceberg's bulk (stages
towards the optimised in the created status framework). The bulk is critical to fully realise BIM's
potential benefits and create true value, the collaborative & integrative BIM. The findings
support the idea of BIG BIM in that integrated practices could induce collaboration and
integration of parties across the supply chain and improve the built environment as a whole
(Jernigan, 2007, 2017; Papadonikolaki & Wamelink, 2017). Each avenue and the corresponding
stages highlight the steps to realise BIM's full potential. This is in line with the adjustments
needed (Eadie et al., 2013; Merschbrock & Munkvold, 2012) to get the most out of BIM
throughout the project lifecycle.

Assessing the created BIM implementation status framework together with a significant
construction actor provides value to the existing literature-based discussion. The findings
indicate that BIM is successfully used in the early stages of construction projects corresponding
to the initial BIM of the iceberg. Collaborative BIM is partially applied but still suffers from
the lack of a consistent approach to working with suppliers to reduce waste through open market
negotiations. It is shown that the Integrative BIM, in the bulk of the iceberg, is not well
recognised and is far from being achieved soon. The framework may enable construction
projects to assess the BIM implementation status. This research provides additional value to the
BIM iceberg model (Jernigan, 2007, 2017) by providing linkages to the avenues of BIM
implementation maturity to assess the status of BIM implementation over the project lifecycle.
The findings support research that endeavor to realise BIM's full potential (Barbosa et al., 2017;
Eadie et al., 2013; Ghaffarianhoseini et al., 2017; Merschbrock & Munkvold, 2012). The
framework indicates the necessity to understand the more obvious BIM capacities in early
project stages as a prerequisite for more advanced BIM use. BIM implementation is an
evolutionary process of BIM use experience. The similar colour pattern of the avenues in the
created framework highlights the synergetic effect between the full potential of BIM
implementation and supply-chain integration. This supports the previous works (Aram et al.,
2013; Getuli et al., 2016; Irizarry et al., 2013; Papadonikolaki & Wamelink, 2017; Taylor &
Bernstein, 2009).

Conclusion

This research focuses on the BIM phenomenon by describing BIM implementation maturity
through alternative approaches. The main objective is to provide a perspective on BIM's
potential and identify the hidden and unused capacity over the lifecycle of construction projects.
A BIM implementation status framework is developed to indicate compliance with the maturity
stages of four avenues of BIM implementation maturity. The developed framework analogies
the BIM iceberg and the related penetration. The paper makes two significant contributions.
First, the BIM iceberg analogy reveals that the initial use of BIM is a prerequisite but not
sufficient to achieve the full potential of BIM. Under the surface, BIM has invisible but crucial
potential that is massively valuable but challenging to recognise and realise. The importance of
collaborative and integrative capabilities throughout the project lifecycle is highlighted as a
necessity to come closer to the full potential of BIM, embedded in the bulk of the BIM iceberg.
Secondly, the developed framework allows assessing the status of BIM implementation in
specific situations. The framework can guide to recognise the status of BIM implementation on
a lifecycle scale by including a variety of actors.

The managerial implications of this research involve supporting the facilitation of successful
BIM implementation. Companies can use the framework as a reference for working towards
the mature use of BIM. The framework clarifies the status of BIM implementation for
construction projects by illustrating the necessary steps towards achieving mature BIM over the
lifecycle of construction projects. Particular attention should be paid to the challenging-to-
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achieve under-the-surface aspects of the BIM iceberg. The comparative viewpoint on the four
avenues the presentation of the approaches can be valuable for future studies by allowing to
recognise any overlaps. The limitations include the framework being tested only in one case
company, which is a typical construction company. The proposed framework has undergone
weak validation through discussions with relevant practitioners. Testing and validating the
framework by a larger sample in multiple case studies are reserved for future studies. Also, the
vertical implementation of related variables (Lehtinen, 2010, 2012) is not considered in the
presented framework. The study focuses on a limited number of avenues but considers many
aspects in greater detail.
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Appendixes

Appendix A: Interview guide

Purpose and evolutionary Logic of BIM
Utilization

Life Cycle

BIM Implementation Across the Project

BIM Maturity

Supply Chain Integration & Supplier Coordination

Visualization

Digital-3D representation of
buildings & error indicator

Feasibility & Project Development
(Preconstruction)

e Economic, Social &
Environment Performance
Attributes

e Pre-Design Phase

e Conceptual Design

Object-Based Modelling

e Single disciplinary 2D/3D
models which have no
modifiable parametric
attributes

*  No model-based interchanges
between disciplines

*  Minor changes in processes

Arm's Length Model/Open Market
Negotiation

e Adversarial relationship based on
risk shedding attitude

e Discussions based on Price
Maximizing the bargaining power
of buyers

e Minimizing dependency of buyers
on suppliers
Without any form of commitment
Low communicative and data
sharing atmos phere

No-Coherent Strategy

e Buying criteria: Lowest price

o Relationship type and length:
Adversarial, Variable

e Customer involvement: small

. Product design requirement:-
Technology and data sharing:
None, limited

Coordination

Improve technological
interoperability to exchange
electronic BIM files across a
project network

Check for conflict in the
model and identify
coordination issues like
where is the elevator opening

Preliminary Design & Working
Drawing (Design)

Schematic Design (SD)

o Options analysis

e Photo Montage
Detailed design (DD)
Construction detailing (CD)

Model-Based Collaboration

Active but asynchronous
collaboration within 1 or between
2 project phases through single
collaborative model

Design players increasingly adding
construction and procurement info
into designed model
Demarcation between phas
to fade

Contractual changes to apply
model-based interchanges

tart

Co-operation

Relationships move toward
Jjoint work among parties
Longer-term contract with
fewer suppliers

Piecemeal Coordination

Buying criteria: Lowest cost
Relationship type and length:
Localized cooperation,
Variable

Customer involvement: some,
logistic

Product design requirement: -
Technology and data sharing:
limited, limited

Analysis

Variety of analytical
possibilities using BIM
Impact of design changes on
cost like

Access and egress patterns in
situation of fire

Lighting scenarios &
optimize utilization of natural
light

Thermal loads

flow of wind and ventilation

On site supervision & Implementation

Tasks (Construction)

Estimating

Site Coordination
Constructability analysis
Project progress monitoring
Trade coordination meetings
Integrating RFI, change
orders

Network-Based Integration

Semantically rich, integrated
Interdisciplinary nD models
Allowing complex analysis at early
stages of virtual design and
construction

Models include business intelligence,
lean construction principles

Spirals iteratively collaborative work
Synchronous interchange of model
Concurrent construction

Coordination

Move to high level processes
Evolution in share
management and joint
development of resources like
information sharing and
teamwork

Electronic data interchange
and information linkage
between parties

Systematic Co-operation

Buying criteria: Max mutual
benefits

Relationship type and length:
close, Long

Customer involvement:
frequent, mainly logistic
Product design requirement:
some packaging and handling
Technology and data sharing:
Customer sharing IT handling
tech, detailed and frequent

Supply Chain Integration Management

Integrated provider of
materials / integrated material
manufacturing and
construction

How to the same BIM model
created to design the building
could be used by
manufacturing firms to
actually configure the order
that go into the building

Special Tasks (Operation &
Maintenance)

Manage and Operate facilities
maintenance & eventual
demolition

Monitoring of real-time
control sys for facility
managers

Integrated Project Delivery
(IPD)

Long term vision of BIM

Fully integrated and automated
technology

Amalgamation of domain
technologies, processes and
policies

Integration of people, sys, business
structures and practices into a
process that collaboratively
harnesses the talents and insight of
all participants to optimize project
results.

Collaborative /Partnering Based Model

Move to high level processes
Evolution in share
management and joint
development of resources like
information sharing and
teamwork

Electronic data interchange
and information linkage
between parties.

Network Coordination

Buying criteria: Max network
benefits

Relationship type and length:
Strategic, Lifetime

Customer involvement: frequent,
many functions

Product design requirement:
Network packaging and handling
Technology and data sharing:
some reliance on predictive
scores, detailed within network
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