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Abstract Building Information Modelling (BIM) is recognized as one of the lead-
ing innovations in the construction sector. However, some studies highlight how BIM
implementation is lagging behind in small and medium enterprises (SMEs). More-
over, the majority of the research is focused on the construction phase and there is a
need for further studies able to demonstrate the possibilities associated with the intro-
duction of BIM in construction companies. This paper presents the first set of results
from the GreenBIM project focused on the development of a BIM implementation
framework from SMEs in the construction sector. In this context, the paper focuses
on the quantity estimation starting from building information models analyzed by
the construction company.

Keywords Small and medium enterprises (SMEs) + Building information
modelling (BIM) - Quantity estimation + Quantity take off (BIM) + Cost estimation

1 Introduction

Building Information Modelling (BIM) is nowadays recognized as one of the leading
innovations in the Architecture, Engineering, Construction, Owner and Operator
(AECOO) sector. BIM can be seen from different perspectives, interpreting its nature
from the technological side as a tool or from the management side, identifying its
introduction as a process shift (Jernigan 2007; Volk et al. 2014). The introduction
of BIM requires an analysis of the context of application and the strategies adopted
to optimize the implementation process can change according to a company’s size,
its geographical localization, business model, etc. Moreover, it is crucial to consider
the societal impact related to the introduction of new technologies and processes
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(Mirarchi 2018). To provide a fertile environment to push the implementation of
BIM in the construction industry, it is critical to involve the highest number of
organizations in the construction chain. The market configuration in the construction
sector (as well as in other ones (OECD 2000)) is characterized by a majority of
small and medium enterprises (SMEs). This configuration is not related to a specific
country, but it is common for the sector. For example, in Italy around 96% of the
construction companies have less than nine employees (ANCE 2017), in the UK 93%
have less than 13 employees (DTI UK 2006), and in France (all sectors combined)
98.8% of companies are SMEs (Tranchant et al. 2017).

Several studies in the literature explored the possible benefits related to the use of
BIM in the construction sector. However, most of the existing studies are related to
big and/or complex projects and focused on the design phase. Thus, several studies
highlighted the lack of research for the SMEs and how SMEs are lagging behind in
the adoption of BIM and in general in the implementation of new digital technologies
along the lines of the industry 4.0 paradigm (Hosseini et al. 2016; Lam et al. 2017;
Liet al. 2019).

The GreenBIM project (under development and in collaboration with the con-
struction company Berna Costruzioni) is based on a practical approach to explore
the implementation process of BIM in small and medium construction companies.
The research is focused on two areas that still need to be broadly explored that are (a)
the implementation process for SMEs and (b) the analysis of benefits and challenges
in BIM implementation in the construction companies (i.e. in the construction and
maintenance phase). With regards to the barriers in BIM implementation for SMEs
explored in previous studies and presented in the next section, the study aims to
provide a structured process to facilitate the diffusion of a shared implementation
approach that can remove or at least reduce the impact of existing barriers demon-
strating the effectiveness of BIM and how to work to achieve the required objectives.
This paper presents the state of the art of the project exploring the results reached in
the first stage of the study and provides the overview of future research actions.

The rest of the paper is organized as follows. The background section provides
a brief summary of the existing studies in BIM implementation for SMEs. It also
contains an introduction about the quantity of surveying activities which represent
one of the main aims for the construction company in the integration of BIM. The
implementation process section describes the activities and the organization struc-
ture proposed in the BIM implementation for construction companies focused on a
specific objective, i.e., the quantity take off (QTO). Finally, the conclusion section
summarizes the results of the research carried out and discusses future activities for
the work.
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2 Background

2.1 BIM in Small and Medium Enterprises

SMEs are usually defined according to their staff headcount, their turnover and/or
their balance sheet total. In the European context a company is defined as SME if the
staff headcount is under 250 and the turnover is under 50 million euros or the balance
sheet total in under 43 million euros (European Union 2003). As already mentioned
in the introduction, SMEs constitute most of the companies in the construction sector
and their involvement in BIM implementation is crucial to guarantee communication
between all parties involved in the construction process and thus define effective
collaborative approaches.

However, the introduction of new technologies in SMEs is limited by several
barriers. According to their limited investment capacity, SMEs are inclined to adopt
consolidated and reliable methods that can guarantee a return on investment (ROI)
(Poirier et al. 2015). The absence of practical evidence capable of demonstrating
an effective ROI in BIM implementation is one of the main barriers in BIM adop-
tion for SMEs (Hosseini et al. 2016). Li et al. (2019) identified six critical factors
and challenges for BIM adoption in SMEs, namely: limited resources, collabora-
tion challenges, lack of BIM awareness, legal disputes and uncertainties in policies,
difficulties in meeting SMEs’ needs and concerns about data and information. On
the other hand, Hosseini et al. (2016) argued that the lack of awareness is no longer
a barrier in SMEs in the Australian areas. Malacarne et al. (2018) identified in the
lack of standardization a critical barrier which is also limiting the development of
effective tools for the industry. In this picture, the proposed research will provide a
possible path to follow in the BIM implementation and will demonstrate the benefits
related to the use of BIM in construction companies limiting the above-mentioned
issues. The results of the project will pave the way for BIM implementation in SMEs
reducing the required investments (costs) thanks to a defined and tested roadmap and
demonstrating the quantitative returns (ROI) in the investments on BIM adoption.

2.2 Cost Estimating in BIM

Cost estimating is a fundamental activity in construction projects. Focusing on con-
struction companies, this activity is critical in the development of their business and
it is directly related to the estimation of the resources required for the construction
process (e.g., bricks, concrete, workforce, etc.). Some studies demonstrated the ben-
efits of using BIM in the early phases of the construction process to improve the
effectiveness of cost estimating activities (Valentini et al. 2017). On the other hand,
BIM can support cost estimation activities in the other phases of the project as well
providing precise quantity analysis and guaranteeing coherence between the design
configuration and quantity estimation. Nevertheless, the information embedded in
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building information models are not sufficient to provide a cost estimate and the
quantities obtained from models need to be combined with other information (Wu
et al. 2014). On the one hand this activity requires the translation of the geometrical
information contained in a model into geometrical information that is coherent with
the estimation procedure (Ma et al. 2016). On the other hand, it requires the intro-
duction of knowledge derived from the construction company that can translate the
model quantity into quantities of materials, workforce, etc., and consequently into
costs.

2.3 Implementation Process

BIM implementation in the construction sector companies, whether big or not,
requires an articulated action considering among other elements the societal, market
and technical context of application, the organizational structure of the company,
the knowledge and skills of the personnel, the investment capacity and of course the
objectives of the implementation. The main national standards and guidelines related
to BIM (e.g., (American Institute of Architects 2013; BSI 2013; BIMForum 2015;
UNI 2017)) are usually focused on the specific project and not on the organization.
However, the structure of the documents required in the BIM process such as the
employer information requirements (EIR) and the BIM execution plan (BEP) express
the need to define a process at the organizational level that can be declined according
to the specific needs of each project. This vision has been materialized in ISO 19650
part 1 (ISO 2018) where the concept of organizational information requirements
(OIR) is introduced representing the information requirements defined according to
organizational objectives. Even if not identified in the standard, it is clearly necessary
to define not only the requirements but also the way to satisfy these requirements
when the actions and the processes are developed directly in the organization. Hence,
the BIM implementation process requires the clear identification of the objectives of
the organization and the consequent planning of the actions to satisfy these require-
ments. In general, the objectives of construction companies are related to the need
of increasing their productivity (reducing wastes, improving the quantity estimation
activities, reducing reworks, etc.) and to the possibility of exploring new business
models using innovative technologies, the development of new services, etc. While
the GreenBIM project considers the overall picture, this paper presents a specific
part of the research that is the definition of structured processes to use the building
information models in the quantity estimation activities optimizing the integration
between the construction companies’ knowledge and the information contained in
models.

BIM sees in the development of a shared collaboration environment commonly
identified as the common data environment (CDE) (BSI 2007, 2013) one of its core
principles. This environment is usually identified as a cloud where all the interested
subjects can collaborate and share information throughout the construction process.
However, even in the case of a perfect circular approach (which today is still not
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possible due to IT and contractual issues) there is always the need to check and guar-
antee the quality of the information used as input for the development of subsequent
phases of the process. This leads to the need of defining specific requirements related
to the development of information models and to check the quality of these models
to guarantee the correct development of future activities. The quality of the informa-
tion provided to the construction company has long been studied as one of the main
areas of value loss in the construction process. Discrepancies between information
in different documents, difficulties in the interpretation of the design, etc. are only a
few examples. The use of BIM can limit these issues creating a model which, by sim-
ulating the actual building (or the one that will be constructed) and creating a CDE
where all the information is coordinated and related, is able to avoid incoherence
between project documents. However, on the one hand the use of BIM can reduce
the proliferation of errors in the process. On the other hand, it introduces new needs
in terms of data quality requiring a different approach and different competencies in
the evaluation of the quality of the information generated and communicated during
the process.

Hence, before starting any quantity estimation activity a quality check is required
according to the organization requirements defined for the specific use of the infor-
mation model. This checking activity can be synthesized in two main areas i.e. clash
detection and information checking. The first activity must be structured according
to the specific needs of the organization and can be organized according to a matrix
where the elements that must be checked and those that do not need to be evaluated
are highlighted (Table 1).

The translation between models and construction companies’ resources is of cru-
cial importance. The model developed by the designer is usually limited in terms
of both detailed quantity information and construction site context. As a conse-
quence, the quantity take-off application requires the identification of rules capable
of translating the geometrical quantities provided by the models into real geometrical
quantities that can reflect the needs of construction companies in their construction
activities. Unfortunately, interoperability issues can hinder a fluent process requiring
the precise definition of information flows where the output of one phase represents
the input of the next one. Thus, starting from the information model defined during
the design phase, the construction company needs to introduce its own expertise in
the model to obtain the quantity take off model (Fig. 1).

The QTO activity can be developed according to different processes. On the one
hand, if there is coherence between the modelling instrument used by the design team
and those used by the construction company it is possible to define a direct connection
through plug-ins or other direct relations between the geometrical information model
and the QTO one. On the other hand, if the instruments are not compatible, it is
possible to identify a specific translation of the design model using the IFC format.
Nevertheless, the use of IFC requires a specific definition of the information to be
exported and the specific analysis on the way in which the geometries are exported
from the native model to the IFC one.



206 C. Mirarchi et al.

Table 1 Example of clash detection matrix

Models Arc Model Str Model
Classes Dr |SI1 Ra St Wa Wwd Sl St Pi Be
Ce
Sl
Arc
Ra
Model
St
Wa
Wwd
.
St m
Str Model
Pi
Be
Legend

Ce: Ceilings, Dr: Doors, Sl: Slabs, Rl: Railings, Sr: Stairs, Wa: Walls, Wd: Windows, Pi: Pillars, Be:
Beams.

Arc: Architectural, Str: Structural.

Dark Grey cells: not relevant clash, light grey cells: duplicates

Once the QTO model is created, this model needs to be integrated with the history
of the construction company which can be codified through an ERP (Enterprise
Resource Planning). This stage, which is the integration process between the QTO
model and the ERP, will be explored through future activities of the project.

3 Conclusion

This paper presented a first analysis of the information requirements relating to a
specific use of building information models in construction companies, that is, the
QTO operation required to pave the way for the definition of the resources for con-
struction activities and consequently their costs. In this context the article proposed
an analysis of the existing literature relating to the introduction of BIM in SMEs
focusing on the need to provide effective means to help these companies in the digi-
tal transition. Starting from the results presented in this paper the GreenBIM project



BIM Methodology and Tools Implementation for Construction ... 207

Fig. 1 Information flow
from the (geometric)
information model to the
quantity and costs estimation

Geometric information model
Set of building information models
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models using a specific BIM authoring tool

.
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Rules
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S ——
QTO Model
Quantity take off models where the rules >
are associated to the objects and are
defined the quantities estimation.
——

saw the development of a structured process to integrate the QTO model into the con-
struction company database (ERP) in order to match the expertise of the company
with the information derived from the information models. Moreover, the project
aims to explore the information requirements related to the management of the asset
to promote the development of new services according to the maintenance needs and
management in the use phases of the final products (buildings, infrastructures, etc.).
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