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ABSTRACT: One of the problems in construction sites is the risk of people being run-over or hit by
vehicles in the access ways and roadways. Thus, it becomes important to study methods that counteract
this trend. In order to minimize the said risk, BIM-based (Building Information Modelling) technologies
can be used. A case study was carried out on the (already built) East side construction site of the 2nd
phase of construction of the Marfio Tunnel. The main goal was to model the site, to obtain a 3D model
and thus better understand the space, in order to optimize its use and propose a solution to manage in
more detail the risks associated with the movement of equipment and people. With this ability to manipu-
late the site, by observing in 3D the best way of working, it is possible to minimize potential risk situations

that might otherwise arise.

1 INTRODUCTION

1.1 Introduction

This study aims to describe a means to minimize
risks related to the construction site of the Mardo
tunnel (built using the Conventional Excavation
Method—CEM) by using BIM technologies. The
use of this methodology intends to minimize the
risk of run-overs/hits associated with the usual
tasks in the sites during the whole construction
phase of the Work, thus contributing to increase
the safety of all those involved.

Prevention-wise, most of the ongoing studies
focus on the risk of people falling to a lower level,
a major cause of fatal accidents in construction.
Since the risk of people falling to a lower level is
not one of the most common risks in tunnelling, it
is important to assess the feasibility and usefulness
of BIM (Building Information Modelling) for the
production and safety planning in tunnelling,

1.2 Risks in tunnelling

The risks in tunnelling depend on the excavation
method chosen: Conventional Excavation Method
(CEM) or Tunnel Boring Machine Excavation
Method (TBM) (Tender & Couto, 2016b). CEM is
characterized by risks which are quite specific, asso-
ciated to its non-automation (Tender et al., 2015a)
and use of a large number of mobile equipment
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(vehicles) and workers (Tender & Couto, 2016a).
This means that there is high risk of people being
run-over/hit by vehicles (Tender et al., 2015b).

1.3 BIM for health and safety planning

BIM is a strong methodology that took almost
20 years of development to reach its current state
(Bargstidt, 2015), This tool is a methodology
for sharing information and for communication
between all the actors in a construction, and in
all of its phases. It is based on a digital model of
the work, including 3D views, accessible by soft-
ware which allows the virtual manipulation of said
work. It is thus possible to follow and develop the
construction in a tri-dimensional way, which, in
turn, enables a timely planning. The use of BIM
tools has been driven by architects, engineers and
consultants, to improve job performance. Below is
a list of opinions (Sulankivi et al., 2010; Kumar
& Cheng, 2015; Sulankivi et al., 2013; Azhar &
Behringer, 2013) on the advantages of using BIM:

~ It works as a common database platform for
those involved in the Work, supporting informa-
tion sharing and avoiding loss of information;

— It allows you to go beyond 2D visualization, ena-
bling 3D visualization in a simple way;

— The time required to obtain detailed results is
less than in the manual case, and results can be
obtained in seconds;



— It is less prone to human errors in graphic
modelling;

— It makes it possible to get a computerized work-
ingbase, minimizing the need for manual changes,
which are always harder to accomplish;

— Tt enables on-site use of models prepared before-
hand, in the design phase;

— It minimises the need for large drawings;

— It allows the production of complex views/details;

— It allows compatibility between elements;

— It enables the user to overcome the limitations
of his/her own mental capacity to predict/inter-
pret scenarios;

— It is possible to clarify doubts on-site, without
having to use a lot of paper documents;

— The sharing of information allows you to warn
workers about the risks of the work in a simpler
way.

Safety-wise, using BIM has many advantages
(Sulankivi et al., 2010):

— 3D tools are more effective for safety planning
than 2D static drawings, given that they properly
simulate real working conditions, allowing you
to identify risks and optimize ways to communi-
cate safety measures to workers;

— Production planning and safety issues can be
integrated,

- Planning changes can be translated, in a short
period of time, into changes in terms of safety;

— It becomes simpler to detect failures/lack of col-
lective protection equipment.

Several authors have been exploring the potential
of BIM in construction sites management. One par-
ticular study, regarding dynamic construction site
models for building sites, (Kumar & Cheng, 2015)
concluded that use of BIM tools saves time and
resources since the entire process is done through
automatic calculations. Since the use of space is
optimized and the location of the equipment and
materials is organized, the risk of accidents at work
decreases. Through the models and simulations it is
possible to take effective measures in the planning
phase of the project in order to eliminate (or mini-
mize) the hazards in construction sites.

In order to analyse the usefulness of BIM as a
prevention tool, this paper will focus on its use to
handle one of the main risks identified in tunnel-
ling. Thus, it tries to answer the following research
question: “Can BIM be useful to minimize the risk
of people being hit?”

2 METHODOLOGY
In order to try and answer the research question,

the construction site of the Marfo Tunnel will be
used as an example. This construction site has been
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chosen because of its complexity and size, since it
is the largest road tunnel in the Iberian Peninsula
and, therefore, the largest work to have been con-
ducted in Portugal lately.

First, an extensive bibliographical research on the
safety and health in construction sites, as well as on the
introduction of BIM in them, was carried out. Next,
the site was modelled: the file was first imported in
dwg (Autodesk Autocad) format into Autodesk Revit,
which gave us the topographic terrain in 3D. Autodesk
Revit was chosen because the authors had previously
worked with it. Based on the 2D data made available
(blueprints/plans, photos and temporary signalling
schemes), all the facilities present in the site were
modelled in 3D. In order to be able to view people,
machinery and vehicles, object families were loaded,
using platforms such as BIMobject. This study was
carried out in the final part of this project.

3 RESULTS AND DISCUSSION

3.1 Sites

The type of site to be used can differ greatly
depending on the method of excavation used
(Tender & Couto, 2016b). The locations where the
construction sites of the Maro tunnel were set
are considered sensitive, both socially and environ-
mentally. The space available for the sites was quite
small, as shown in Figures 1 and 2.

As shown in Figure 1, the site on the East side
is very close to dwellings. It can also be seen that
there was a single access way to the site and the
portal available. This access way, in particular
between the entrance gate and the portal, was very
limited in terms of space, which made the move-
ment of vehicles complex.

Figure 1. East site (Source: Google Maps).

Figure 2. West site (Source: Google Maps).
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The deadline for the completion of the works
was limited. For this reason, the site had to accom-
modate several tasks simultaneously, including
underground excavation, primary and final sup-
port, and buried infrastructures—it was pioneer
in Portugal in that respect also. All these activities
involved a large amount of equipment (concrete
mixers, trucks for the transport of muck, water-
proofing screens, and reinforcement elements), all
of them using the same access way.

This physical feature greatly increased the risk
of a work accident due to run-overs/hits.

3.2 Site model

In order to assess the effectiveness of the proposed
management method, the site was modelled. BIM
assigns to each object a set of characteristics, such
as geometry, spatial relations, geographic informa-
tion, quantities and constructive properties of com-
ponents (for example, manufacturers data), which
enables the establishment of links between objects.
The overview of the site is shown in Figure 3.

One of the advantages of using this methodol-
ogy is a more effective space and terrain recogni-
tion before the machinery, equipment and facilities
needed for the works to proceed are brought in.
Figure 4 shows an example of the view of the site
already in place.

Figure 3. Overview of the East site.

oogle Maps).

Figure 4. Distribution of equipment and facilities.

Figure 5. Movement of vehicles and people.

As mentioned, it can be seen that the space of
the site was quite limited, which increased the risk
of people being run-over/hit by vehicles, particu-
larly in the narrower area between the gate and the
repair shop. As a result, it became important to
understand beforehand how vehicles and workers
could cross in a way that would not disturb work
or create dangerous conditions. Figure 5 shows a
simulation in which workers are also present.

With this kind of simulations, it is possible to sce
beforehand the compatibility between tasks, namely
how vehicles have to cross other vehicles or people
in the sites, enabling a better assessment of the need
to establish a physical delimitation between road
and pedestrian traffic areas, for instance. In addi-
tion, it is also possible to automatically update 3D
views reflecting changes to working circumstances.

The result is an improvement in planning capac-
ity, making it possible to study beforehand the
preventive measures to be implemented, and to
follow the changing work conditions, creating a
sort of “planning spiral”.

Each construction task requires specific equip-
ment. BIM is also helpful here: with a three-
dimensional model and a correct scheduling
of tasks it is possible to put in the site only the
resources needed to complete the tasks at hand,
and the distribution of resources can be viewedina
timely way. This way, it is possible to avoid conges-
tion in the sites due to too much equipment being
brought in without real need. Conversely, it also
decreases the probability of not having all of the
equipment needed on-site to complete the tasks.
This is also important from an economic point of
view since, as a consequence of the reduced space
available, productivity can be affected if a too large
number of resources are using the same space at
the same time.
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