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A B S T R A C T

Poor planning of building projects is observed to definitely increase both time consumption and costs.
Limitations of existing studies about contrast between BIM 4D methodology and conventional graphic planning,
focus on comparing them from a qualitative point of view, without quantifying their real performance. The
present paper is aimed at performing a quantitative analysis on BIM 4D methodology as compared to conven-
tional graphic planning. Provided this novel methodology accounts for building elements including technical
and visual information, subsequent construction operations would be carried out in a more controlled and a
more accurate environment. In particular, a balance between suitable construction data management included in
the BIM model and appropriate use of task planning information was analysed. The results show that the in-
tegration of BIM in the project execution planning ensures greater control over the model, thus preventing time-
and cost-inefficiencies along the project development. Although traditional planning proves to be 20% shorter
than 4D simulation, the latter is observed to be 40% more efficient regarding visual monitoring of time progress
and also 40% more efficient in the data update process.

1. Introduction

Current building projects show increasing requirements regarding
scope and complexity. As a consequence, the use of appropriate tools
involving productivity, safety, health and organization is strongly ad-
vised in order to ensure that all operations in a specific project are
carried out in a coordinated manner (Locatelli, Mancini, & Romano,
2014). The relevance of social sustainability in residential and com-
mercial buildings was explored by Tayyab and Thaheem (2017).
Moreover, the lack of efficient project planning has elsewhere been
identified as a common cause of substantial time and money loss, as
well as of an increasing rate of work-related accidents (Won and Lee,
2016).

Frequent problems regarding building project arising from weak
connectivity between design and construction due to inefficiencies in
the transfer of information involving both phases have also been re-
ported (Hardin and McCool, 2015).

The Building Information Modeling (BIM) methodology is a project
technique which regards information as a key relevant factor
throughout the project life cycle by elaborating a database where each
element has associated visualization attributes and related attached
information, like for instance building materials, technical character-
istics, constructions costs, etc. (Boton, Kubicki, & Halin, 2015). BIM is

therefore a good asset not only in the project design stage, but also in
the subsequent construction stage, provided it ensures working effec-
tiveness and time saving along the project life cycle (Eadie, Browne,
Odeyinka, McKeown, &McNiff, 2013).

Although BIM is a powerful planning tool which will definitively
improve project execution, it must be complemented with specific
planning software packages (Chen and Luo, 2004) devoted to control
execution tasks, which are developed by setting an appropriate time
period and the interdependence pattern among them (Stylianou and
Andreou, 2016).

Han et al. (2015) have recently reported on work control by ana-
lysing the deviations between a point cloud − generated with a laser
scan- and 4D BIM. They concluded that the proposed classification
mechanism increased the effectiveness of the BIM model with lower
levels of development (LoD), thus allowing visual evaluation of pro-
gress information at the operational level.

Additionally, Koo and Fischer (2000) analysed 4D planning viability
through a case study. They concluded that 4D models are a useful al-
ternative to project scheduling tools like CPM networks and bar charts.
They enable users to quickly understand a schedule and to identify
potential problems. In the same line of research, Heesom and
Mahdjoubi (2004) proposed a model to determine the usage require-
ments for each of the various applications of 4D CAD simulations.
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Also, Han and Golparvar (2015) developed a classification method
to control deviations in construction at the operational level, based on
the comparison of the 3D model with the point cloud. They sorted
materials by textures and colours to further assign such classification to
each 3D model element in order to compare textures and colours of the
3D model elements with those of the point cloud. The authors con-
cluded that this methodology showed 95.9% accuracy when applied to
the monitoring of the construction progress.

Jongeling and Olofsson (2007) presented a process method for the
planning of work-flow by combined use of location-based scheduling
and 4D CAD. They suggested that a location-based approach to 4D CAD
might improve the usability of this model for work-flow analyses.

Moon et al. (2014) used 4D to detect project contradictions by ap-
plying the results to the case study in order to evaluate practical ap-
plications and feasibility of the developed system. They concluded that
the results of a project can be improved by a 4D analysis system.
Nevertheless, they did not attempt quantification of the obtained re-
sults.

On another note, Smith (2016) identified the successful practices,
procedures, and strategies that companies are implementing in relation
to cost management through BIM. Their results slowed that the sur-
veyed companies were spending significant time and effort on the
handling of quality and breadth in BIM models, due to restricted access
to models as well as to compatibility problems between software and
standards. Also, Farzad and Ahmad (2015) described a methodology
that integrates BIM with the green building certification system LEED.
In particular, they explained how this integration could assist project
teams in promoting sustainability. However, again, the results were not
appropriately measured and quantified.

Kim et al. (2015) presented a methodology that adapts to the time-
scale metrics of large-scale developments. Such procedure proved that
an automatic evaluation and visualization of integrated development
scenarios and their metrics can be achieved. Finally, Zhang and Hu
(2011) developed a 4D building information model according to the
general analysis and management of conflicts and safety issues during
construction. Based on this model, they studied the integration of dy-
namic analysis of time dependent structures, conflict analysis and
scheduling/resource/cost management and dynamic detection of col-
lisions of facilities. The results provided a feasible methodology for
BIM-based applications. However, none of these authors compared
traditional planning systems with 4D simulation, in order to quantify
their potential and usability.

The present work is aimed at analysing in a quantitative manner the
feasibility of 4D planning graphical systems versus conventional ones,
also accounting for a pros and cons assessment as compared to con-
ventional planning in building projects.

2. Methodology

A total of 65 architecture/engineering companies in the field of the

construction sector were surveyed for the purpose stated in the present
work, 33 out of which were finally selected as they proved: (i) to
achieve previous experience in conventional planning for project ex-
ecution (52 out of 65) and (ii) to use BIM as the working methodology
for project progress (33 out of 65).

These companies started to develop project planning with the 4D
simulation methodology, and the results have been compared to the
conventional planning methodology. The following software packages
were used to run the 4D simulation:

• Design software: Autodesk Revit 2015, used to build up the BIM
model containing all the building elements involved in the 4D si-
mulation, each of which had previously been featured by specific
characteristic parameters, i.e. element category, base level, hor-
izontal 4D and vertical 4D.

• Planning software: Microsoft Project 2013, used to create the various
tasks involved in the material execution of the building, each of
which had previously been defined in terms of duration and inter-
dependence with the remaining ones, thus giving rise to the Gantt
diagram that would subsequently monitor the execution of the
works.

• Construction management software: Autodesk Navisworks Manage
2015, used to generate the virtual survey of the construction by
dealing with the parameterized BIM model and with the list of tasks
organized in the Gantt diagram.

As for planning software packages, there are two complementary
categories: pre-planning and 4D planning. The former was used to de-
fine the various activities linked to the project execution, whereas the
latter served to combine the BIM model with the defined tasks so that a
virtual survey of the construction was generated (the so-called 4D si-
mulation). The interrelation between the abovementioned packages is
pictured in Fig. 1:

As previously stated, the design software needed the construction
elements to be featured according to the following specific parameters:

• Element category: the parameter accounting for the nature of the
element (Charette and Marshall, 1999), like for instance wall, ca-
nopy, beam, column, turnbuckle, etc.

• Horizontal 4D and vertical 4D: the parameters that refer to the po-
sition of the construction element in the plane, so that the floor, a
column, a beam, a retaining wall… are featured to be lying on the x
axis (horizontal 4D) or on the y axis (vertical 4D).

• Base level: the parameter that sets the position of the element on the
z axis.

Once the elements were parameterized, each task involved in the
construction process was set according to the planning software, i.e. by
having previously identified duration and interconnection with the
remaining tasks. Finally, a time diagram to monitor the project

Fig. 1. Connection between the software packages
used for the study.
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