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Good afternoon, I'm Isabel Gonzalez and I'm here with my department colleague Miguel to give a presentation on remote monitoring of geotechnical instrumentation on the Brisa network.
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REMOTE MONITORING OF GEOTECHNICAL 
INSTRUMENTATION ON BRISA’s NETWORK

The network operated by Brisa consists of 5 Concessions in Portugal. 
It has an extension of about 1 549 km. 

Brisa’s Motorways in Operation

• ~12k Slopes
• 647 Retaining walls (RW)
• 665 Slopes and RW 

monitoring instruments

Inclinometer; 223

Unidirectional clinometer; 
39

Bidirectional clinometer; 27

Crackmeter; 11
Pressure gauge lead 

cell; 189

Vibrating wire load 
cell; 19

Electrical load cell; 10

Piezometers; 54

Well; 43

Topographic target; 50

665

Brisa is a mobility operator with strong nacional and international 
experience in operating / Managing road infratructures, since 1972.

Commentaires du présentateur
Commentaires de présentation
Brisa is a mobility operator with strong national and international experience in Operating / Managing road infrastrutures, since 1972.Brisa's motorway operation network consists of 5 Concessions all over Portugal, and is around one thousand and a half kilometres long resulting in more than twelve thousand slopes, around six hundred and fifty retaining (650) walls, and more than six hundred (600) geotechnical monitoring instruments.Within the scope of slopes and retaining walls management in Brisa's network, the need to modernise the means of monitoring the geotechnical assets of the Brisa concession has emerged. Thus, two remote monitoring systems of geotechnical instrumentation were acquired and implemented as pilot projects.
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1st Pilot
Instrumented embankment and retaining 
wall on A1 motorway at km 21+750.

2nd Pilot
Instrumented embankment and retaining 
wall on A9 motorway at km 26+300.

Commentaires du présentateur
Commentaires de présentation
The two Pilots chosen correspond to the most complex works of stabilisation and reinforcement of slopes from the point of view of geotechnical risk that Brisa has operated in recent years in the Lisbon regionThe embankment and instrumented containment structure where the first pilot of remote monitoring system was implemented is located on a stretch of motorway on the 21st km of the main motorway in Portugal A1, with a length of 400m.The instrumented containment structure where the second remote monitoring system was implemented is an anchored reinforced concrete wall, around 120m long, located approximately at the 26th km, on the Lisbon peripherical motorway A9 (CREL).  
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1st Pilot
Instrumented embankment and retaining 
wall on A1 motorway at km 21+750.

Three main interventions:

• Cantilever wall recessed to the 
Topexisting retaining wall, connected 
an anchored concrete beam 
supported by micropiles.

• Re-profiling of the slope and 
revetment of rockfill.

• Extension of the retaining wall at the 
base of the embankment, supported 
by piles.

Commentaires du présentateur
Commentaires de présentation
This embankment was built more than half a century ago (59 years), and has been subject to successive stabilisation works, the latest, the sixth, being carried out in 2019/2021, and consisted of three main interventions.Firstly, at the top of the slope, a cantilever wall was recessed to the top existing retaining wall, connected an anchored concrete beam supported by micropiles.Secondly, the slope soil material was replaced with rockfill.Finally, the extension of the existing wall at the base of the embankment was carried out, supported by piles.
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2nd Pilot
Instrumented embankment and retaining 
wall on A9 motorway at km 26+300.

Three main interventions:

• Concrete injections in the 
embankment.

• Mortared rock fill revetement of the 
slope.

• Anchored retaining wall at the base 
of the embankment, supported by 
piles.

Commentaires du présentateur
Commentaires de présentation
This structure was built in front of a existing gabion wall that was built in the construction of the motorway in 1993.The embankment, with a maximum height of 10m, is located in the North direction, in a mixed profile.The motorway confronts with the national road EN115 at the base of the embankment.This intervention also consisted in three main works, namely the concrete injections in the embankment, mortared rock fill revetement of the slope and an anchored retaining wall at the base of the embankment, supported by piles.
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Monitoring devices
1st Pilot: A1 km 21+750 2nd Pilot: A9 km 25+700

• 18 Inclinometers, of which 9 existed prior to the 
stabilization works.

• 6 Piezometers, of which 1 is prior to the stabilization works.
• 1 Vibrating wire load cell, prior to the stabilization works.
• 9 Electric strain gauges load cells, of which 3 are prior to 

the stabilization works.
• 2 Pressure gauges load cells, prior to the stabilization

works.
• 6 Bi-directional clinometers, prior to the stabilization works.
• 34 optical targets. 

• 8 Inclinometers, of which 2 existed prior to the 
stabilization works.

• 1 Piezometer.
• 4 Electric strain gauges load cells.
• 3 optical targets. 
• 8 leveling marks.

Commentaires du présentateur
Commentaires de présentation
On both sites were installed various monitoring devices, in particular inclinometers and electric load cells, which were the devices that were chosen to be automated. 
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Remote monitoring devices
1st Pilot: A1 km 21+750 2nd Pilot: A9 km 25+700

4 Electric strain gauges load cells2 Inclinometers;
6 Electric strain gauges load cells

Commentaires du présentateur
Commentaires de présentation
Two automatic inclinometers and six automatic electric load cells were installed in the first pilot. Four automatic load cells were installed in the second pilot.The new electrical load cells were all automated, which means, none were installed that required manual readings.As for the inclinometers, in pilot 1, for multiple reasons, it was decided to automate only 2 of the 9 new inclinometers, and these were chosen based on their location. It was decided to automate inclinometers that are in the same section as other non-automated inclinometers, in order to check that they were working properly.
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1 2 3

Remote monitoring devices

Commentaires du présentateur
Commentaires de présentation
This slide shows a diagram of the components of the automatic monitoring system, namely the wireless nodes that connect to the instruments to be automated.Several nodes send the information to the gateway, which then sends the information to the cloud and finally this information can be consulted on a computer, tablet or mobile phone.
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Remote monitoring devices
1 2 3

Commentaires du présentateur
Commentaires de présentation
On this slide, we can see the previous scheme applied to the pilots. On the left is the node connected to the electric load cell. In the middle picture is the cabinet where the gateway is installed and the corresponding solar panel, which supplies the gateway with energy, and finally on the right the devices where the data can be consulted.
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Remote monitoring devices

WR LOG Wireless Monitoring System

Nodes, connected to each load cell, that send 
information to the gateway, as shown in the photo.

Commentaires du présentateur
Commentaires de présentation
This slide takes a closer look at the nodes. As you can see in the image on the right, the node takes up very little space and, in our case, we placed it directly next to the end of the electric load cell cables. 
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 Shapearray in-place
inclinometer and its node, 
that sends the collected
data to the gateway.

WR LOG Wireless Monitoring System

Remote monitoring devices

Commentaires du présentateur
Commentaires de présentation
This slide takes a closer look at the installation of automatic inclinometers.These inclinometers were installed on ordinary inclinometer pipes, but with the special feature that they are permanently inserted into the pipes.We used Shapearray inclinometers, which are customised for each borehole and are installed as shown in the photo in the middle. On the right is the final look, with the inclinometer already closed, and the inclinometer and anchor nodes on the side.
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Remote monitoring devices
 Gateway, which receives the 

collected data from all the 
automated instruments of the site 
and sends it to the cloud, 
protected inside a cabinet, 
presented, together with the 
energy supply system (solar panel 
and battery).

 Device that collects readings from 
the cloud, allowing them to be 
visualised in tabular or graphical 
form.

Commentaires du présentateur
Commentaires de présentation
On this slide, we can take a closer look at the gateway, which receives the collected data from all the automated instruments of the site and sends it to the cloud. In the image on the right, one can see that it’s protected inside a cabinet, presented, together with the energy supply system and in the figure on the left, you can see the solar panel that powers this subsystem. 
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Remote monitoring devices
 The platform to visualize the 

readings is accessible through the 
internet explorer. The readings of 
each Node can be visualized 
individually, and it is possible to 
adjust the reading frequency of the 
equipment remotely.

Load cell nodes

Inclinometer nodes

Commentaires du présentateur
Commentaires de présentation
The platform to visualize the readings is accessible through the internet explorer. The readings of each Node can be visualized individually, and it is possible to adjust the reading frequency of the equipment remotely.Simply choose the instrument you want to visualise, and the platform opens the graphs, as shown in the image on the left.
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Remote monitoring devices

Commentaires du présentateur
Commentaires de présentation
If you need to work on the data, for example in excel, you can also download it to the platform as a .csv file and generate your own graphs.The short video on the left shows that the inclinometers graphics are adjustable, and it is possible to visualise the movements in three dimensions.It is also possible to observe movements over time quite easily.




https://www.youtube.com/watch?v=5NdcjRVCIqk
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Possibility of carrying out readings exclusively in the office, at any time, without the need for

technicians to be on site, although this possibility is not eliminated.

Avoid the technician's work being carried out on a motorway open to traffic, thus increasing

safety.

Possibility to adjust the frequency of the readings, as often as necessary, or whenever justified, at

no extra cost, beyond the initial investment.

In the future, Brisa's goal is to continue to implement new technologies that allow work to be

carried out safely without compromising its quality. The next step will be to automatically integrate

the results into the Geotechnical Asset Management System.
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