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Abstract Cost overruns in construction projects are currently one of the biggest
problems in the industry. Factors causing these cost overruns have been identified
in order to improve current management practices. Building Information Modeling
(BIM), and in particular the fifth dimension relating to cost management (5D BIM),
offers techniques and processes to improve the quality, performance, and efficiency
of projects. Current BIM 5D practices are evolving and many software programs are
being developed in this direction. However, due to the multiplicity of the proposed
solutions and the wide range of the possibilities and associated functionalities, it is
challenging for the practitioners to select the right tool adapted to their particular
requirements. Previous research works have attempt to solve the issue by proposing
some comparison of the existing 5DBIM tools.While very interesting, such compar-
isons are not sufficient since they do not provide the user with the level of interactivity
necessary to adapt the choice to their particular business context. The research project
presented in this paper proposes an interactive decision-support tool for the effective
choice of 5D BIM solutions. The proposed tool is based on the characteristics and
functions of the existing software and uses a personalized weighting by the user
for each of the identified cost management requirements. Thus, the proposed tool
makes it possible to inform users about 5D BIM software according to their specific
requirements and to provide them with informed software selections. The results
were evaluated and validated by experts in construction cost management.
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1 Introduction

Cost overruns are among the main challenges observed in construction projects
and the construction industry is constantly evolving in technology in an attempt to
improve cost management, reduce cost overruns, save time in running estimates, and
better control costs. Many studies have been dedicated to identifying the problems
facing the overall cost management of projects [9, 12] and the Project Management
Institute has established a breakdown of cost management into different activities
with the aim of facilitating the resolution of cost overruns, as follows: cost manage-
ment planning, cost estimation, budget determination, cost control, life cycle cost
analysis, and claim management [19, 30].

In recent years, advances in Building Information Modeling (BIM) have made
it possible to considerably improve these different aspects based on digital models
[31]. TheBIM-based costmanagement practices are generally referred to as 5DBIM.
The advantages of the 5D BIM are numerous and well documented in the scientific
literature [26, 29], and many technological solutions are commercially available in
the industry. However, due to the fragmentation of the practices in the industry and
the specificities of the existing software, it is very challenging for the practitioners
to select the right software adapted to their particular needs and context. While some
recent research works have proposed a comparison of existing solutions [37], these
tools are constantly evolving and such a comparison needs to be constantly updated.
Moreover, themost recent comparisons lack the interactive aspect, necessary to allow
each user to adapt the comparison criterion to his particular needs.

The research work presented in this article aims at proposing an interactive
decision-support tool in the selection of 5D BIM software for variable business
contexts. This tool aims to help estimators in selecting the BIM 5D software that
best suit their practices and needs, in order to improve their cost management. The
article is organized into four main sections. Section 2 proposes a literature review,
including research works related to the use of 5D BIM for construction cost manage-
ment, the challenges related to its application, and the need for a decision-support
tool. Section 3 presents themethodology, encompassing the steps of the development
and the validation of the proposed tool. Section 4 presents the structure of the tool,
its operation, and the results of the validation process. Section 5 concludes the work,
including its limitations and identifies the future work.

2 Related Works

2.1 Cost Management in the Construction Industry

Cost management is defined as “the cost estimation of all activities and effort neces-
sary to deliver the project” [16]. However, cost management encompasses much
more, including the “application of management accounting concepts, methods of
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data collection, analysis and presentation in order to provide the information needed
to plan, monitor and control costs” [36]. Thanks to the work in three studies [4, 30,
32], it is possible to categorize the activities of cost management in construction into
cost estimation, cost budgeting, cost control, life cycle cost analysis, and claims.

Cost estimation can be described as “a process that allows stakeholders to deter-
minemonetary resources required for a project’s completion” [37]. The budget deter-
mination process basically consists of a summation of the activities and work pack-
ages’ cost estimates executed earlier [37]. It can be done either “once, early in a
project’s life-cycle, or multiple times at predetermined milestones and serve as the
baseline against which the project’s performance can be controlled” [30]. The critical
aspect of cost control is the analysis of the consumption of project funds in relation to
the actual work being accomplished with the aim of maintaining the baseline previ-
ously established throughout the whole duration of a project [30]. Life cycle costs’
analysis evaluates the costs involved in a project, from the early stages till the end of
the life of the project [7, 38]. It is usually performed early in a project’s life cycle [13]
in order to help in evaluating the investment options and easing the choice of design
criterion [38]. Construction claims refer to the claims resulting from changes in the
scope of the works, delays and productivity factors, or deficient contract documents
[23].

2.2 Uses of 5D BIM for Cost Management

5DBIMoffers the possibility of linking cost informationwith digitalmodels to enable
better cost management [22, 33, 37]. 5D BIMmodels have great potential since they
have the ability to contain elements, or assemblies of objects, with associated costs
directly through the BIM software, or through an internal or external database [34].
Mitchell [28] argues that the objectives of 5D BIM for design and construction are
to provide a transparent framework in order to make the best decisions, in terms of
quality, especially in terms of quantity extraction, tendering, variation evaluation,
change orders, and progress payments [26, 28, 32]. Thus, 5D BIM is a project visu-
alization and monitoring tool, allowing stakeholders to control, in a collaborative
environment, the flow of information, to effectively manage planning and estimation
aspects by improving and facilitating control of costs and planning [1, 34].

Cost planning is the basis of overall cost management in a construction project
[28]. The quantity extractions, retrieved from 3D models, assembled with the corre-
sponding cost information make it possible to target the available budget on the most
important characteristics of the building design [28]. In addition, Stanley and Thur-
nell show through a study that cost planning, with the quantities extracted using 3D
BIM modeling software, is easier and faster than when carried out by estimators
from 2D plans [34].
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Quantification based on digital models becomes more and more automated as the
models develop [32]. Thus, the extraction of quantities makes it possible to improve
the good management of projects, in particular on the production of estimates, cost
planning, measurements, preparation of bills of materials and tender documents,
and finally cost control and proper preparation of evaluations and payments [2, 26,
34]. The study presented by Stanley and Thurnell shows the importance of precise
quantities’ takeoff based on 5D BIM in making budget estimates [34].

Estimating costs is a very important part of project decision-making. By extracting
quantities from digital models, 5D BIM software can produce project cost estimates
with varying degrees of precision [22, 37]. 5D BIM enables to quickly create more
accurate cost estimates and to explore different project options before and during
construction based on variations that are likely to occur. It also helps to identify
factors that have different advantages or options in order to select themost interesting
proposals [34].

Performing cost monitoring and control allows project cash flow to be forecast
more quickly and accurately than at the start of the project life cycle [20, 37]. Thanks
to 5D BIM technologies, it is possible to establish a cost at a given point in the
project, by isolating the elements completed on the model and using the associated
cost information. Thus, it is possible to compare the current calculated budget with
that initially planned.

Life cycle costs can be defined as the sum of the present value of all expected
costs from the construction phase to the end of the life of the facility [7]. A more
recent research presented the development of a solution of life cycle cost analysis
(LCCA) using 5D BIM by adding a life cycle cost calculation model structure to
an innovative 5D BIM model associated with a spreadsheet file [18]. The main
benefit of this process is that it links cost planning, quantity extraction, and life cycle
cost calculations in an integrated environment [18]. However, while some 5D BIM
software, specific to quantity extraction, provides appropriate costs for performing
an LCCA [17], some authors claim that the BIM-based tools and technologies do
not yet have the necessary capacities to adapt to the conditions of an effective LCCA
[10, 35].

The capabilities of BIM allow the management and the pricing of construction
claims, while reducing the number of claims issued during a project [37]. In addi-
tion, 5D BIM offers new technological opportunities for document management and
visualization [14]. A study by El Hawary and Nassar shows that the use of new BIM
technologies has a very positive effect on the reduction of claims in construction
projects [15]. New working methods have been devised to find all flaws in logic and
planning activities that will not be respected, based on the combination of a claims
matrix and a 5D BIM model [25].
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2.3 The Need for a Decision-Support Tool for the 5D BIM
Software Selection

The scientific literature shows that there are many challenges to implementing 5D
BIM in the construction industry, primarily regarding the details of the design, stan-
dardization, and skills required [26]. BIM induces significant changes in themanage-
ment and the delivery of construction project [5], and its implementation of BIM
within companies is also a challenge due to the associated training load from the
start, the investment, and the time required to assimilate new processes [35]. In addi-
tion, the high costs of this investment are a hindrance, especially if the company
plans to use it only for extracting quantities [35].

It is important to note that all trades do not use BIM the same way. Architecture
firms are among the most active stakeholders when it comes to BIM adoption [27].
A study presented by Ding et al. [8] shows that motivation plays an important role in
BIM adoption by architects and the implications of BIM in the architecture design
process have been thoroughly discussed by Marcos [24]. Beyond the design itself,
however, architects “may add as much data as any element within the entire archi-
tectural fabric could need to be thoroughly defined, properly speaking, the model is
a three-dimensional data model (3DD model” [24]. The model created can then be
used for further uses, including estimating and managing costs (5D). Unlike archi-
tects who merely use BIM authoring tools, contractors tend to “utilize a broader
range of BIM solutions” [3]. A challenging issue regarding contractors’ BIM needs
is related to implementing both “preconstruction BIM” and “site BIM”. In their study
on the strategies for managing 5D BIM adoption, Chan et al. [6] explored, through a
case study, contractors’ perspectives regarding the adoption of 5D BIM. The results
suggest that contractors have a passive and conservative attitude, with a relatively
low openness to change, as it appears to be difficult for them to perceive the possible
benefits [6]. Based on various studies, it can be reasonably argued that contractors
have a passive and conservative attitude [6] and they prefer to outsource the 3D
modeling task, but prefer to keep BIM-based cost management activities in-house
[3], Fountain and [11, 21].

Anyway, whether architect or contractors, due to the multiplicity of the proposed
solutions and the wide range of the possibilities and associated functionalities, it is
challenging for the practitioners to select the right tool adapted to their particular
requirements. Previous researchworks have attempted to solve the issue by proposing
some comparison of the existing 5D BIM tools. The most advanced work on the
subject is proposed by [37] who proposed a neutral framework to help practitioners in
choosing the appropriate 5D BIM solutions. The proposed framework is particularly
and is an important milestone toward the resolution of the issue. Unfortunately, the
proposed framework did not come in the form of an interactive tool and did not
provide the practitioners with the capability of weighting the criterion according
to their specific context and needs. In addition, the proposal does not include a
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more visual graph, which is very useful for synthesizing the results and making
them more accessible to practitioners. Thus, there is still the need for an interactive
decision-support tool in the selection of 5D BIM software for variable business
contexts.

3 Research Methodology

The work proposed in this project is a continuation of the projects already carried
out on the development of a tool to support 5D BIM software selection decision.
Vigneault et al. [37] carried out part of his research work on the representation of a
table summarizing the main criteria useful for managing the costs of a construction
project, as well as a list of 5D BIM software currently available on the market. This
information has served as the starting point for our methodological approach. First,
the software list and the criteria have been updated. Then, the decision-support tool
has been developed and evaluated with practitioners from the industry.

3.1 Updating the Software List and the Criteria

The software selected deals with cost management for all phases of a construction
project, such as design, construction, layout, and management. The objective is to
identify all the specifics and characteristics of these new technologies, in order to
derive full descriptions.

The list of criteria is based on scientific literature, including the Project Manage-
ment Book of Knowledge (PMBoK), the Royal Institute of Chartered Surveyors, and
the Australian Cost Management Manual, to classify the criteria according to five
cost management categories: cost management planning (criteria for sharing infor-
mation and management tools), cost estimation (criteria for assessing the quality
of models, information extraction capacities, and interoperability), budget analysis
(criteria for budget comparisons, budget visualization, and Business Intelligence),
cost control (cash flow, monitoring of cost trends, and Business Intelligence), as well
as complaints and pricing management (criteria related to modifications, changes,
payment requests). These categories are then structured into several sub-categories,
then into criteria.

3.2 Development of the Decision-Support Tool

The research was conducted in such a way that the board evolves and becomes
interactive for users. This tool was produced on an Excel file, so that it is possible
to include intelligent calculation formulations. The tool is built iteratively, so that all
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users can use it freely, while getting the desired information about these 5D software.
The interactivity of the tool is measured thanks to the weighting system put in place,
allowing the user to judge the criteria and thus have results that are specific to him.
Its development within an Excel-type document offers an iterative and re-executable
aspect of all parts of the tool.

3.3 Evaluation of the Developed Tool

Some experts in the field of cost management in the construction industry were
contacted, such as a chief estimator, director of estimation, and BIM coordinator and
manager. The goal is to have a broad horizon of trades and specialties in order to
have as much feedback and comments as possible and to improve the tool and make
it as usable as possible. The questions put to the experts focused on compliance with
the requirements relating to cost management, the completeness of the list of BIM
5D software, their assessment of the general appearance of the tool, and finally the
relevance of the comparison and presentation of results.

4 Main Result: An Interactive Decision-Support Tool
to Support 5D Software Selection

In this section, we present the results obtained, through the structure and operation
of the tool developed.

4.1 Structure of the Proposed Tool

The tool is made up of four parts corresponding to four Excel spreadsheet tabs, to
guide the user in handling it (Fig. 1).

The first tab concerns the presentation and gives the first steps to follow to use the
tool correctly. The second tab corresponds to the presentation of the structural table of
criteria according to the categorization carried out and proposes a definition for each
of them in order to have a homogeneous understanding. The user is required to fill
in the weighting column for each of the criteria in this tab in order to subsequently
observe the results. The third tab represents the main complete table of the tool

Fig. 1 Four tabs of the interface (in French)
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comprising the list of criteria, 5D software, and the transcription of the weighting
performed in the previous step. This table displays all the detailed results for each
software based on the user’s choices. The fourth tab details all the results in the form
of graphs, allowing you to better visualize the results obtained from the software, by
displaying only totals and sub-totals. The user therefore has access to a summary of
the results in a precise and visual manner.

4.2 Operation of the Tool

The purpose of this tool is to interact with the user and give them results that are
unique to them. To do this, a weighting system has been put in place. When filling
out the tool, a score is assigned to each software for each criterion. The interactivity
of the tool developed in this project comes from the weighting and therefore on the
user’s participation to obtain results. Thus, the tool offers a weighting system, chosen
by the user according to his preferences and the importance he places on each of the
criteria. The weighting is free, and each user can fill in what he wants.

The criteria weighting interface is in the form of a table showing all the criteria
identified, grouped by category and sub-category. A definition is proposed for each
criterion to ensure a common understanding and to avoid any ambiguity or confusion
on the part of the user (Fig. 2).

When the weighting is completed by the user, the table is automatically filled
to give the results of the information. The table is constructed in such a way that
the weighting will multiply with the software score for each of the criteria and a
synthesis for the different categories corresponding to the 5D BIM uses is provided
(Fig. 3). The results of the tool appear when the user has finished filling in the criteria
weighting. They come in the form of detailed notes, sub-totals, totals, rankings, and
finally graphs to give a visual aspect to the user. The detailed notes allow the user

Fig. 2 User criteria weighting interface (in French)
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Fig. 3 Example of results by sub-category for a specific weighting (in table format) (in French)

to observe with precision the data of each software. These scores are then added
together and give a sub-total. Each of these sub-totals corresponds to a category of
criteria. The averages of the sub-totals of all software are then calculated, and the
implementation of a visual indicator allows the user to have a global overview of the
software sub-totals.

The tool also offers a graphical presentation of the results, so that users can better
visualize the results. It takes the form of a bar graph and radar, generated after the
criteria have been weighted. The bar chart automatically ranks software according
to the total score obtained for all criteria. While this helps to get a general view of
software capacity, it is generally necessary to have results for different sub-categories.
Radar corrects this lack and allows the user to visualize the strengths and weaknesses
of top software according to the different cost management uses (Fig. 4).

5 Conclusion and Future Work

The article presented an interactive decision-support tool in the selection of 5D BIM
software for variable business contexts. The aim is to help the practitioners from the
construction industry to select the right tools adapted to their particular requirements.
The validation carried out with practitioners in the field shows an interest in the tool
and the relevance of the criteria and the weighting principle. It also shows that the
tool can be improved and made accessible to the entire industry.

To achieve this, it is essential to switch from its current form of Excel workbook to
an online tool allowing wider use, but also a permanent update of the list of tools and
criteria, directly by the community. Future work will focus on the development of
an online version capable of reaching a large audience and a larger scale evaluation
of the proposed tool.
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Fig. 4 Example of results by sub-category for a specificweighting (in graphical format) (in French)
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