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ABSTRACT

In order to achieve multiple benefits of building information modelling (BIM) in the construction
project, the BIM methodology should not only be implemented in a project-related manner but also in
a fully enterprise-related manner. Thereby model-based costing is one of the most important BIM use
cases, which can be found in any project stage and is relevant to all project stakeholders. But the small
and medium-sized enterprises (SMEs) of the architecture, engineering, and construction (AEC) industry
in the particular face numerous problems and difficulties in adopting the BIM methodology in their
business processes. This research aims to investigate the process of the 5D BIM implementation in
small and medium-sized planning, engineering offices, construction companies, and project developers.
The main body of the work is based on a review of 24 implementation projects of the model-based
costing in SMEs that the authors have carried out as part of their practice as BIM consultants and
trainers in Germany. These projects are analysed to develop a concept for a smooth, individually
adaptable implementation of 5D BIM in SMEs. The results are summarised in the concept framework
for a sustainable 5D BIM implementation approach that illustrate the priority and hierarchy of the main
activities in the implementation process. The designed concept can be used by different stakeholders of
the AEC industry and provides a solid basis for organisations to make informed decisions in adopting
5D BIM in the body of the organisation structure. Thus, this research is an essential contribution to the
knowledge about the enterprise-related implementation of 5D BIM.

Keywords: 5D BIM methodology, BIM implementation, adoption, small and medium-sized enterprises
(SMEs), organisation, quantity take-off; cost estimation, cost calculation, concept framework.

1 INTRODUCTION

In the wake of the emergence of the coronavirus pandemic at the beginning of 2020, several
construction companies started to invest more in digital resources. In this context, the BIM
methodology represents an important part of the digitalisation of the construction industry.
In the German AEC industry, e.g., one-third of all building companies are currently planning
to align their business model more strongly than before with digital services and to expand
the digitalisation of their business processes [1]. In 2017, in contrast, only 9.6% of German
construction companies used BIM methods to manage construction projects [2].

BIM methodology is not spreading rapidly in the AEC sector because many construction
companies still think of BIM implementation as just a simple exchange of tools and therefore
find it difficult [3]. Although, a fundamental part of the BIM methodology is to address the
processes by using and sharing digital building information. BIM aims to transfer project-
relevant information as comprehensively and completely as possible [4]. In this case, digital
tools can only bring added value and be accepted by the AEC actors if the processes are
clearly defined. Technical tools must help to create a collaborative, usable, digital
representation of a physical object and its functional characteristics [5].

The linking of the digital representation of the building elements with time and cost data
forms one of the significant BIM use cases. Model-based scheduling and cost estimation are
classified as the 4D and 5D BIM dimensions [6]. The article focuses primarily on model-
based cost planning and related activities, regardless of whether model-based scheduling is
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performed. According to Eastman 5D BIM intends to link cost items with specific,
measurable features of the model object, so that project costs can be forecasted and actual
costs can be tracked about the BIM model [7]. Therefore, model-based cost estimation
depends significantly on the quality of the model data, information deliveries and is linked
to the other BIM use cases, such as design and execution planning. 5D BIM itself can be
subdivided into several specific use cases, such as cost estimation in the early project phases,
calculation of construction work for contractors, budgeting for project developers, etc.

As cost planning is a fundamental activity in the AEC industry, 5D BIM is relevant for
all project phases as well as for all project participants. One of the most crucial benefits of
the BIM methodology, cost assurance in construction projects, can be realized by the 5D
BIM application. If to use the advantages of the BIM methodology and especially 5D BIM
for the safe cost in multiple projects, BIM is to be implemented both in the project and in the
company. The project-based implementation in the context of a pilot project or case study is
only a part of the enterprise-related digital transformation.

The implementation of BIM depends on various influencing factors, e.g., organisation
culture, education, information management [8]. For adopting BIM, construction project
participants usually have to define BIM goals and use cases, develop a process road map,
design a BIM execution plan (BEP), and chose a technical infrastructure, as well as clarify a
lot of strategic, operational, tactical, and technical questions [9]. In most cases, SMEs are
overwhelmed with all these additional tasks, the required implementation steps, and volumes
of incoming information. However, SMEs often do not dispose of the financial resources to
get any external support into the company. For this reason, SMEs are still lacking in the
implementation of BIM. In the European Union, SMEs are a significant part of the economy,
and account for approximately 22.6 million in 2021 [10]. Thereby 99.8% of all European
companies are SMEs, which act as the main drivers of innovation and digitalisation [11]. In
the German AEC industry, e.g., more than 93% of planning and engineering offices
employed fewer than 50 professionals [12]. Hence, the comprehensive implementation of the
BIM methodology in the AEC sector depends on BIM adoption in SMEs.

The focus of this research is, therefore, on developing the concept for better 5D BIM
adoption and implementation in the SMEs of the AEC sector. The impulse for this scientific
work is the professional experience of the authors as BIM trainer and consultant primarily
for the issues of 5D BIM implementation in different companies, such as planning,
engineering offices, construction companies, and project developers.

2 METHODOLOGY

The research provides a synthesis of the reviewing of scientific papers and the analysis of the
authors’ practical expertise and attempts to bridge a gap between theoretical fundamentals
and practical implementation of the 5D BIM methodology. The literature review is a
qualitative review of scientific papers in the research areas of BIM implementation, cost
planning in the AEC projects, and management theories. The most relevant terms for the
literature survey can be divided into three groups, which have been combined among each
other: (1) BIM, implementation, adoption; (2) 5D BIM, costing, cost estimation, cost
estimate, cost calculation, cost control; (3) SMEs, organisational, enterprise, construction
company, contractor. It has been noticed that the research papers addressed often change
management in the context of the company-related implementation of the BIM methodology.
Hence, innovation management and business process change management are briefly
explained.

To assess the practical applications of the theoretical findings, 24 implementation projects
of the model-based costing of 5D Institut GmbH in Germany have been investigated. The
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article provides a qualitative review of the 5D BIM implementation projects, summary, and
analysis of the preliminary project meetings, includes die results of not structured interviews
with participants. The meaningful features and issues encountered are highlighted.

Due to professional confidentiality, the executed implementation projects cannot be
mentioned by name. A distinction is made between the implementation packages for planners
and clients as well as for construction companies and contractors. The authors are also limited
in their choice of the model-based costing software and work exclusively with RIB iTWO
5D. However, the preliminary BIM model can be created in any BIM-capable software that
is certified for IFC export. A BIM implementation project starts when the decision about the
IT infrastructure has been made, and a technical realisation of the BIM goals must be carried
out. Nevertheless, the authors often have to consult the clients on the entire BIM
implementation plans and refine the BIM use cases. The general procedure of a standard
consulting project for clients and contractors is shown in Fig. 1.

Phase 1: Phase 2: Phase 3: Phase 4: Phase 5:
Concept 5D Individual project Content Initiation of a Roll-out 5D BIM
process development development pilot project company-related

Figure 1: The general procedure of a consulting project by 5D Institut GmbH.

3 LITERATURE REVIEW

To provide a solid basis for organisations to make informed decisions in adopting 5D BIM
in the body of the organisation structure, the general steps for the BIM implementation should
be considered in the context of the enterprise-specific cost calculation processes. Model-
based cost planning and control could be used by different AEC stakeholders, e.g.,
government, owner, designers, contractors, operation organisations, cost engineers, and
during various project stages, e.g., in the conceptual, design, procurement, construction,
completion stages. Therefore, different approaches and tasks can arise during
implementation. The principal 5D BIM use cases will remain under any circumstance
quantity take-off and cost estimation.

3.1 Implementation of the BIM methodology

The application of the BIM methodology can be considered on different levels, such as
implementation in the whole AEC industry [13], country-related adoption [14]-[17],
development in a single firm [18], [19], and project-based implementation [20], [21]. Some
authors emphasise that large construction companies operating on a design-and-build basis
have already adopted BIM [22]. These contractors can usually manage their entire internal
processes independently of other construction stakeholders, thus giving them an advantage
over SMEs. As clients require BIM services more consistently, SMEs should advance the
internal digitalisation process to remain competitive in the market.

Therefore, the guidelines for BIM implementation at the operational level are needed.
They can include aspects such as the BIM adoption scope, discipline, model analysis and
data transfer methods, interoperability, and staff responsibilities [13]. Feasible results with
BIM in SMEs can be obtained if the internal BIM model structure, standard information
linked to model objects, critical information workflows as well as collaboration with external
stakeholders are defined [3], [23]. Company-related BEP and standards must elaborate on
issues like “scope of implementation, infrastructure, contracts, implementation process” [24].
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At the same time, BEP for enterprise-related implementation should prioritise the program—
process—person perspective [25].

3.1.1 Factors influencing BIM implementation

According to the BIM implementation level examined, the critical success factors may be
different. For BIM adoption in the national AEC industry, e.g., the factors like development
standards, acceptance by professionals, educational offers, or pilot projects [6] are
significant. For BIM implementation in construction projects highlight Darwish et al. fifteen
factors as the most critical ones [21]. The first factors influencing BIM implementation are
coordination between all project parties as well as training and development. Collaboration
between AEC stakeholders, availability of competencies and experiences, BIM adoption
strategy influence the BIM implementation in a project-related manner [21]. According to
the research by Arayici et al., construction stakeholders, who have been implementing BIM,
emphasise the importance of staff training on new processes as well as on new software and
technology, effectiveness and establishment of the new process and workflow, understanding
of BIM, a realization of competitive advantages, purchase of software and technology [8].

3.1.2 Challenges of BIM implementation

The main obstacles to BIM adoption may be divided into four large general groups, e.g.,
mentality, knowledge and skill, software, and hardware [3], or categorized into five limitation
categories, such as technological, legal, personnel, cost, and management barriers [26].
However, scientific research papers on the hindrances to BIM adoption are primarily related
to a specific country. The main barriers for the Chinese AEC industry formulated by Wu
et al. [15] are senior management support and financial investments. New Zealand struggles
with such challenges as lack of expertise, client demand, and collaboration, shortage of pilot
projects and guidelines, cultural resistance, legal and technical problems [17]. In Iraq, the
implementation barriers are divided into legal, organisational, and technological [16]. In
comparison, the construction industry in Latin America is faced with change resistance,
bureaucracy, lack of regulations, human resources, and administrative initiative, etc. [18].
Especially for SMEs, six challenges are formulated in previous research: limited resources,
collaboration, lack of BIM knowledge, legal disputes, unsteadiness in regulations, adherence
to the advantages of SMEs, data protection, and responsibility for the information [27].

3.2 Cost planning in the AEC projects

Cost planning and control are basic tasks in AEC projects. While planning is primarily
concerned with realistic cost determination, cost control is of great importance during
execution. According to the planning status, there are different levels of information in the
cost calculation. In the German AEC industry, e.g., architects, planners, and project
developers usually use the DIN 276 (German Institute for Standardisation e.V.) standard to
determine project costs [28], [29]. Construction companies that take over the execution
services must consider the following partial costs in their cost estimation: (1) material costs;
(2) labour costs; (3) expenses of the construction tools; (4) indirect costs [30]. The costing of
the construction company encompasses the following phases: pre-calculation (subdivided
into quotation costing, contract costing, work execution estimate) and post-calculation [30].

Regardless of the project phase and construction participants, the quantity take-off is a
foundation for the cost estimation. In the concept project phase quantity estimation provides
the base for budget planning. In the tendering phase it supports the estimation of the project
costs and the first statement on the execution time. Before the execution phase, it facilitates
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the calculation of the construction works and planning of construction activities. During the
construction phase, actual quantity take-off is used for cost control [31]. The accuracy and
level of granularity of quantity surveying vary throughout the project.

3.2.1 Traditional cost estimation

Some challenges in traditional cost estimation impact the project cost: problems with sharing
information and lack of communication as well as collaboration between different project
stakeholders, e.g., design and construction teams, regarding cost activities [32]. The total
expenses of a project are often unknown until after the conceptual design stage, and in some
circumstances, even after finishing the construction stage [33], [34].

The quantity survey is therefore error-prone in the conventional calculation method and
requires an investment of time. Manual calculation on CAD documents, that only store
limited information, is a basement of the traditional quantity take-off. This approach not only
requires a high level of human resources but also causes deviations quite easily [35].

3.2.2 5D BIM methodology

During BIM-based cost planning, the so-called design-to-cost method is applied. The
accuracy of cost planning, i.e., the progress from a cost estimate to a cost calculation, is
largely dependent on the project development. With the advancing project phase, more
information is added to the model. This results in a continuous refinement process, which
leads to a final cost calculation. In the early stages of planning, a cost estimate is prepared
using the deductive costing methodology, which operates fop-down. This means that a
general budget is derived based on real costs from past projects, considering decisive factors
such as the construction method. Such an approach utilises cost elements [28] and is
comparable to cost estimation with the help of the construction cost index [36]. Later, more
detailed cost calculations are carried out inductively and thus bottom-up. The individual costs
of the components are multiplied by the expected quantity to be executed. Unit prices are
determined based on a price database. Quantity formulas are used to perform a component-
based quantity take-off founded on the model property records.

To be able to guarantee cost safety within a project, cost planning must keep pace with
the constantly progressing project planning. Model-based quantity take-off is the only
method that makes progressive cost planning possible. However, model-supported quantity
estimation does not produce all the required data to create a cost estimation and bill of
quantities [31]. Model-based cost estimation combines quantities gained from models and
additional information such as cost elements, unit prices, construction price index,
specification of services, and other cost-related information. Moreover, the geometrical
information of the BIM model must be transferred into geometrical information that
conforms to the estimation procedure [37]. Additionally, from the perspective of a
construction company, the model-based quantities are translated into quantities of materials,
equipment, manpower, etc., and afterwards into costs [38].

In the scientific literature, are some frameworks for 5D BIM process integration that
encompass the whole cost management process [39], focus on the tendering phase [40], try
to facilitate costing in contractor-led projects [33], present general workflows of 5D BIM
process by different stakeholders [7], provide guidance in BIM implementation for
construction companies [24]. However, the research papers notice that it is challenging to
overcome the 5D BIM implementation obstacles, e.g., the lack of a framework for
information exchange and compatibility between software applications, cost data sharing,
and poor model data quality [31], [33].
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3.3 Management theories

BIM methodology brings the changes into the business process of the construction sector,
which can be conducted on two levels: sector-wide and individual organisations [41].
Thereby, a simply methodical implementation of BIM does not cover all organisational areas
and does not sufficiently lead the individual actors into the change. BIM adoption requires
an entrepreneurial vision, which is developed and communicated by the executive staff.
Consequently, strategy, structure, and management processes are essential aspects of BIM
implementation, in addition to technology, individual skills and roles. BIM methodology
concerns the management of information, such as information on building products,
materials, structures, customer requirements, information on technical equipment, general
requirements for planned installations, etc. Communication and collaboration between
stakeholders are defined as keys to accomplishing smooth information management [24].

BIM is suggested as social-environmental, technological, organisational, and process—
product innovation in the AEC industry [19]. This digital innovation requires changes in
individual roles, needs time, appeals resources, acquisition of knowledge, financial
investment, etc. For a successful implementation of the BIM methodology, the organisational
change is required. Organisational change process needs a development strategy, the
involvement and engagement of all stakeholders as well as management support [20]. The
role of the manager is frequently placed very high, as one of the most important obstacles
must be overcome, namely resistance to change. In this context, it is significant that the entire
benefit of the BIM methodology for the enterprise is explained to each participant. According
to Weise [42], change management with its variables (organisation and process orientation,
resources, technology, strategy, culture, individual) plays a decisive role in the enterprise-
related BIM adoption.

4 INVESTIGATION OF IMPLEMENTATION PROJECTS

5D BIM implementation projects selected for the investigation were carried out by different
AEC stakeholders: architecture, planning, and engineering offices, construction companies,
project development offices. The design and construction activities of parties involved in the
study are multifaceted. The chosen companies are engaged in structural engineering, design
and construction of industrial buildings, plant construction, bridge building, construction of
residential and public facilities, infrastructure works, civil and underground engineering,
refurbishment, building services and technical equipment, building automation as well as
system buildings and finishing works. Among executing construction companies, there are
some large companies that initially want to adopt 5D BIM in one department for the time
being. As a local office does not exceed the size of an SME, it can be taken into consideration.
24 company-related implementation projects are summarised according to the roles of
stakeholders and fields of activities in Fig. 2.

The 5D BIM implementation projects have the following limitations: (1) in some projects,
only Phase 1 Concept 5D process (see Section 2, Fig. 1) was contracted, therefore the further
development could not be evaluated; (2) some planning offices need much time to adopt 3D
modelling and master the modelling tools for the design planning because of staff shortage
before moving to 5D BIM; (3) 5D BIM implementation depends on the contracts with the
client. As all projects are carried out in Germany, the Official Scale of Fees for Services by
Architects and Engineers [29] and special features of cost planning (see Section 3.2) had to
be observed. The most common BIM use cases are cost estimation in the design and tendering
phases for planning offices, as well as quotation costing for construction companies.
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Figure 2: Implementation projects. (a) Roles of the participants; and (b) Fields of activities.

The analysis of the 5D BIM adoption has shown that

Communication within a company must be seriously reconsidered with the
implementation of the BIM methodology. BIM model authors and estimators sometimes
have heard each other’s problems for the first time during the workshop.

The size of the company has less influence on the adoption of the BIM methodology.
The larger companies have more employees involved, but the same problems.

If there was no responsible person for the enterprise-related BIM implementation, the
digital transformation in the company would drift off.

Clients’ demand for BIM services is important for most participants.

5D BIM implementation is an iterative process [3] demanding constant harmonization
between BIM model creation and refinement of the costing database. LOD of a designed
model should be sufficient to provide accurate quantities.

Many participants still see BIM only as a tool and not as a methodology and therefore
see no need to change their old processes.

Software selection often happens before the BIM use cases are clearly defined.

There was no BIM implementation plan as well as a clear strategy in most projects.
Many participants saw the implementation of the BIM methodology as a management
decision but not as an advantage for their work practices.

The companies were not interested in a model-based exchange with external parties.

In the preliminary discussions it had to be explained that a feasible enterprise-related
system for model-based cost planning could not be built in five days of workshop.
Fields of activities influence the level of automation for model-based cost planning. For
instance, more quantity take-offs can be automatically extracted from BIM model in
building construction than in industrial construction. In the cost planning for the modular
buildings allows almost the entire process to be automated.

Construction companies without a modelling department are struggling to implement 5D
BIM, while the model data from external architecture, planning, or engineering offices
have not met their requirements.

The previous estimating database is incorrect or out of data must be completely revised
before making the switch to 5D BIM [43].

Companies should plan more time for the adopting and restructuring of processes.
Interoperability between the software applications is the major topic for the
technological implementing and must be discussed in the planning of IT landscape.
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e Different project participants have different views on cost estimation and, accordingly,
on quantity take-off from the BIM model.

e National peculiarities, such as strong fragmentation of the German AEC sector and use
of HOAI, complicate the implementation process. Due to the BIM methodology, a shift
in the service phases is also observed in German offices.

5 RESULTS AND DISCUSSIONS
The following requirements for the development of a sustainable implementation concept are
defined based on the literature review and investigation of practical implementation projects.

1. Concept must cover management, process, and technology issues [44], namely address
strategic, operational, tactical, and technical questions [9].

2. Survey of current situation of BIM in an organisation, as well as effective external factors
influencing BIM implementation, belongs to the preliminary adopting stage.

3. Establishing BIM is part of the company’s strategic tasks. Therefore, a responsible BIM
manager must be appointed in the company at the very beginning.

4. BIM should be regarded as a corporate standard that includes developing the company-

related guidelines and BIM execution plan for projects.

Clear identification of BIM benefits, goals, and use cases for the company.

BIM implementation plan is not only “nice to have”, it is to be created for a company.

All employees must be involved in the digital transformation.

Collaborative work in changing old processes and workflows.

. BIM education and training: general in the first adopting stage and later role-specific.

0. Sequence of decisions: first strategy, then software selection.

1. Development of 5D BIM model content and information workflows as iterative

approach, permanent coordination between the BIM model authors and estimators.

12. Selection of a pilot project and, if necessary, coordination with the client.

— =0 XN un

The concept for a smooth implementation of 5D BIM designed is presented in Fig. 3. To
show the order and hierarchy of the main activities, the concept framework was created
without assigning the roles. Depending on whether this model concept is realised for
architecture, planning, and engineering offices or construction companies, the roles and
responsibilities are respected regarding organisation size, internal and external relationship
between the stakeholders. The information exchange must surely happen in the
implementation phase and afterwards among BIM manager, BIM model authors, and
estimators. BIM education and training is essential for the BIM adoption process.

6 CONCLUSION AND FUTURE RESEARCH

The developed concept provides a fundamental framework for AEC enterprises to make
informed decisions in adopting 5D BIM in the body of the organisation structure. This
concept framework should prepare a smooth, individually adaptable implementation by
different stakeholders of the AEC industry. Hence, this article presents a significant part of
knowledge about the 5D BIM implementation in the enterprise-manner. The research tries to
overcome the most important limitations during 5D BIM adopting, as lack of skills and
resistance to change, and represents a comprehensive approach. In comparison with other
scientific papers [38], [40], [44], [45], this article encompasses the BIM implementation
strategies and 5D BIM adoption methods as well as points the view of the external observer
on the issue.
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The future research can deal with the development of information exchanges for 5D BIM
on the operational level such as requirements for detailed process maps. Although the
implementation projects from the practical part of the research were carried out in Germany,
results can be adopted internationally. In the forthcoming research, more attention should be
paid to the national particularities and the more detailed procedures should be designed
separately for planning offices and construction companies.
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