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Abstract 
Monitoring system in the excavation of a tunnel in a rocky massif. 
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Tunnels are necessary for the crossing of the communication nets. The existing uncertainty 
when projecting them over the features of the soil to be crossed requires a monitoring system 
for studying the behaviour of the works in order to verify that all the requirements of the project 
are fulfilled. 
Safety is a basically purpose of monitoring but not the only one. As a part of the empiric 
method, the monitoring system of tunnels is a key factor for research, since it obtains technical 
improvements, what in turn will reach economical benefits. Such benefits justify the use of 
monitoring systems beyond the ones strictly necessary for the safety. 
The different respects to analyse in a monitoring system can be organized around three 
sections: the purpose of the monitoring system, the measuring instruments and the process of 
measuring. Firstly and from the analysis of the purpose of the monitoring system, it should be 
necessary to define which are the important variables for the calculation model, over which 
exists some uncertainty, so that then it can be outlined the measures that will have to do in 
order to know the value. It should be necessary to delimit the predictable values of the 
measures for providing an appropriate rang. Another milestone will be to establish the value 
from which a variation of the measure becomes meaningful in order to determine the accuracy 
of the measuring instrument. Among the instruments it has to be chosen the appropriate one for 
the purpose of the measurement. In general terms, simplicity will be an advantageous feature 
for a measuring instrument due to less economical cost and high solidness. The solidness of an 
instrument is a more important feature in civil engineering than in other branches of engineering 
due to the long useful lifetime of its products. During the monitoring stage it is advisable to 
define all the factors that take part in the measuring process. It must be designed an adjusted 
analysis method for each specific work and established as well all data treatment proceedings 
and interpretations of the measurements according to an specific reality.  
In the monitoring of tunnels the main variables measured are strains and movements. The most 
usual strains to be measured are: in situ strains on the walls of the galleries, the load on the 
covering, the reactions in structural elements, efforts in fastening bolts, interstitial pressures and 
the determination of deformation modules. Between the movements to be determined it 
highlights the control of the deformation of the tunnel by means of convergence meters, 
movements close to the excavation, superficial settlements and horizontal movements and 
horizontal movements of the soil. 
The instrumentation systems normally consist of three elements with different functional 
features: sensor, data transmission and data processing system. Each of them must be chosen, 
among the ones that exist in the market, depending on each specific case in which its utility is 
predicted. Usually the progresses of communication and computer technologies have opened 
up new possibilities and have enabled a cost reduction in the monitoring. 
The knowledge this far stated is applied in a particular case in which the author has directly 
worked in: The Tunnels of El Guixaró in Eix del Llobregat. In this work it is planned an 
especially adjusted monitoring system which depending on the results obtained from the 
monitoring system the constructive project was modified by adapting the retaining and covering 
to the observed reality. 
From the acquired experience in this practical study new possibilities for the monitoring system 
of tunnels are suggested that should be developed deeply later. Between the proposals there 
are the monitoring system in emergency situations, the monitoring system in soils with 
progressive features, the use of computer viewing in the monitoring system and the use of 
endoscope techniques for the reconnaissance of soils in the construction of tunnels.  




