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The implementation of the Model Building
Information (BIM) methodology in the framework of
bridge projects requires the modelling of the
structures.

The LOD should be defined within the BIM
Execution Plan (BEP).
The lifespan of a bridge depends on many factors,
but in general terms, it will be around 60-70 years.

The objective of this modelling is to obtain a digital
twin1 that accompanies the project during all its
phases: from the first stage of design engineering,
through the construction of the structure, the
maintenance and conservation, until the end of the
useful life of the bridge.

The years of design and construction phase must
be added to this average lifetime, which implies
a long period of time during which the designed
structure will undergo variations in its geometry
and the condition of its structural materials.
All these changes should be recorded and
integrated into the digital twin in order to know
exactly at any moment the status of the structure.
This will make it possible to predict future problems
through simulations before they happen.

A digital twin of a bridge in Figure 1 is a virtual
model of the bridge, Figure 2, with a greater or
lower degree of detail Level of Development (LOD)
according to the defined objective.

Figure 1: Bridge built

Source: Google Maps
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Figure 2: Visualization of the 3D model
of the bridge in Figure 1

DEGREES OF DIFFICULTY ACCORDING TO
PROJECT STAGE
Depending on the phase of the bridge project,
there will be different degrees of difficulty to
generate the digital twin.
In the first phase, the structural design, there
would be no major difficulties in modelling the
bridge since the geometric shapes are perfect,
Figures 3 and 4, formed by straight and curved
lines without deformations.

The classification of the different materials that
constitute the bridge does not present any
problems.
In the next stage, construction, see Figure 5, the
update of the digital twin is more complex. Not only
for updating all the changes in the materials but
also for updating the geometry.
The construction process is not perfect, and
depending on the bridge typology, there may be

Figure 3: Bridge section in the design phase
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Figure 4: Simulation of bridge construction in the design phase

significant geometrical variations with respect to
the theoretical model.
For example, the calculations can determine a
behaviour of the bridge deck once tensioned that
differs by several cm from those obtained in its
construction.
The third stage, operation, Figure 6, and
maintenance, comprises the putting into operation
of the structure until the end of its useful life and is
the most complex stage to update in the digital
model of the bridge for two reasons:
1) The structure suffers a greater number of
geometric deformations that, in many cases,
are complex to transfer to a digital twin.
This is due to the fact that modelling
software has most of its tools focused on
creating perfect geometric shapes. The
software is more oriented towards the
design of the bridge and does not provide
tools that facilitate the modelling of complex
geometric deformations.
2) This is the longest stage and generally has
fewer financial resources than the two
previous stages. This means that there are
fewer human resources available to
measure the changes in the bridge and
record them in the digital twin.
Figure 5: Bridge under construction
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Figure 6: Bridge in operation

HOW
TO
CAPTURE
THE
GEOMETRIC
VARIATIONS OF THE STRUCTURE?
Obtaining the point cloud can be done by:

In order to measure and record the deformations in
the geometry of the bridge during the construction,
operation and maintenance phases, it will be
essential to have a survey engineering team
analyse the condition of each structure and
determine the best way to capture the reality and
transfer it to the modelling team.
This can be done in two ways:



Terrestrial Laser Scanning (TLS) 2, Figure 7,



Aerial photogrammetry (drones) 2,



Combination of the two previous techniques:
TLS+Photogrammetry.

Terrestrial Laser Scanning (TLS)

1) Conventional methods: The total station is
used to capture a small number of singular
points chosen by the inspection team based
on their experience. This method is not very
ambitious, as it leaves a significant number
of deformations unrecorded.

The TLS is an instrument that captures the
geometry and colour of any object due to the
measurement of distances and angles with a laser
light beam combined with photographic cameras.
This provides the object with coordinates in the
established reference system with millimetric
precision3.

2) Point cloud current topographic tools, both
hardware and software tools, make it
possible to obtain millions of georeferenced
points in the project coordinate system
(point cloud), which define the geometry of
the bridge with great accuracy.

The process is carried out by stationing the
equipment at locations close to the bridge, see
Figure 8, and without the need for physical
contact.

The maximum separation between two
points in the defined cloud could be about
5 millimetres.
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Figure 7: Point cloud of viaduct obtained with Terrestrial Laser Scanning (TLS)
Source: Topcon Positioning Spain

Figure 8: TLS set up to capture bridge status
Source: Topcon Positioning Spain
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Figure 9: This bridge has appropriate features for the use of TLS for its capture

There are several drawbacks:


From the position of the TLS, all the
elements of the structure to be measured
must be clearly visualized. Otherwise, they
would remain undetected.



The working distance from the position
where the TLS is located to the bridge
covers a range that depends on the model
and manufacturer of the equipment.



Due to the above mentioned limitations, it is very
likely that there are elements of the bridge that
need to be documented geometrically with other
tools. In such a case, drones could be used.

Outside this range, the accuracy decreases
rapidly, and its use is not desirable. The
range starts at a distance of approximately
1 metre from the object and a maximum of
several hundred metres (400-500 m). Some
equipment may be able to reach up to 1 km
with less accuracy.




The location of the structure can greatly
affect the capture of the point cloud, see
Figure 9, due to the impossibility of
positioning the equipment within the
distance range recommended by the
manufacturer. In some cases, such as large
bridges located in bays, it may not be
possible to use it at all.

Point Clouds with Aerial Photogrammetry. Drones
The combined use of drones and photogrammetry
has undergone great development in recent years,
reducing costs and increasing the accuracy of the
captured point cloud4.

The stationing position of the TLS must be in
a place without movement; therefore, it can
never be located on the structure to be
captured.

There is a wide variety of equipment, some of
which, thanks to the gimbal camera - a mechanical
and electronic element that allows the stabilisation
and movement of the camera on several axes,
Figures 10 and 11, are capable of recording points
in inaccessible areas of bridges, Figure 12, such as
the underside of the deck, Figures 10 and 11.

The number of TLS positions (setting up)
should be as few as possible; the greater
the number of positions, the greater the
possibility of obtaining greater errors in the
coordinates of the points generated.
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Figure 10: A drone equipped with a basic gimbal that does not allow capturing the underside of a viaduct

Figure 11: A drone equipped with a versatile gimbal that allows capturing the lower part of a viaduct
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Source: Parrot

Figure 12: View of the lower part of a high column deck

The following considerations should be considered
when using drones for point collection:

Its main limitation is the lower precision in the
coordinates of the points obtained with respect to
those generated through TLS5.
This is the reason why the geometric capture of the
structure should be carried out through TLS, and
only in those areas of the structure not covered by
TLS should drones be used.
In economic terms, point cloud capture by drones,
Figure 13, is cheaper than the TLS method in
those structures that require many TLS equipment
positions (setting up) due to their complexity.
This advantage could lead to the choice of drones
over TLS in those projects with large budget
limitations.
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High-end professional drones, equipped
with professional cameras with high
sensitivity sensors and a wide dynamic
range, shall be used.



The drone must have a gimbal that allows
shots in a very wide angular range.



The atmospheric conditions should be
studied at the moment of planning the shots
and their variations during the time of
execution of the captures.



The definition of the drone's flight plan will
be critical.

Figure 13: View of drone with structure in the background

Two fundamental aspects must be taken into
account:

Point Clouds with Aerial Photogrammetry + TLS
In the case of large bridges, both in length and
height, the combination of both techniques, TLS
and aerial photogrammetry with drones, will be
necessary to capture the complete structure,
Figure 14.



It is essential to check and compare the
areas captured by the TLS and by the drone
to compare the accuracies obtained. In this
way, the limitations of the different point
clouds will be known at any given moment,
being able to correct using software those in
which the deviations are known.

Figure 14: Example of a structure where photogrammetry with drones + TLS should be combined
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Figure 15: Example of a structure that is extremely difficult to capture due to its location and its atmospheric conditions such as wind



The selection of the software to be used to
join the point clouds obtained by the TLS
and the point clouds obtained by drone
deserves a reflection. Not all software has
the necessary tools for the treatment of
combined point clouds.

CONCLUSION
In conclusion, in order to update the geometry of
the digital twin, there are many limitations in the
use of topographic tools.
The location, typology and length of the bridge
make each structure different, and this causes the
same methodology is not valid for all cases.

COMMON CHARACTERISTICS TO THE USE OF
AERIAL PHOTOGRAMMETRY AND/OR TLS

The greater the height and length of the structure,
Figure 16, the greater the difficulties in capturing
the reality with high accuracy.

Both in the use of TLS and drones, it is mandatory
the use of control points georeferenced by classic
topography. These points define the network of
high precision control points along with the entire
structure. This network will be necessary to test
the TLS and drone point clouds.

Obtaining a highly accurate point cloud implies the
detailed study of all aspects without leaving any
detail to chance.
The planning of the work and the in-situ study of
the bridge location is very important. The
methodology to be used should never be selected
from the technical office without visiting the bridge.

The control network will be independent of the
network of support points that need the images
captured by the drones for model formation.
A common problem to all topographic work for
control and geometric capture of the structure is
the movement of the structure. The movement can
be due to atmospheric conditions such as wind,
Figure 15, and/or the passage of vehicles that pass
over the bridge.

In those structures that have a BEP, the LOD with
which the digital twin must be modelled and
generated, as well as the periodicity of the
verification, must be consulted.
In the case of not having a BEP, the level of detail
and the periodicity of the verification must be
established according to the available economic
resources, both present and future.

In order to obtain high accuracies, the best
moment to perform the capture must be studied. In
some cases, it could be very complex.
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Figure 16: Example of a bridge that presents great technical difficulties in capturing its state with high accuracy
LITERATURE

Structural modelling software has room for
improvement in the development of tools that
facilitate the transfer of the real deformations
produced in the bridge and their representation in
the virtual model.
Each bridge is a different case. Even if there are
two identical bridges, the location of the bridge
determines the methodology used to generate the
point cluster.
The process of geometric capture of a bridge and
its transfer to the digital twin is a long and delicate
process if we want to obtain accurate models in
the millimetric-centimetric environment.
But the possibilities that derive from this work will
provide crucial information not only to conserve
and maintain the structures in an optimal way but
will also help in the design and optimisation of
future structures to be projected and built.
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