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Ph.D. Thesis Summary - Interpreting Excavation-Induced Displacements around a Tunnel 
in Highly Stressed Granite (R.S. Read, 1994) 

In Canada, as in many countries that employ nuclear power, the current concept for dealing with used nuclear fuel 
waste is deep underground disposal in crystalline rock such as granite.  One of the primary concerns in this concept is 
the development of damage, or cracking, around excavations, which can potentially contribute to the migration of 
radionuclides.  To address this concern, the fundamental response of the rock mass to excavating underground open-
ings such as shafts and tunnels must be understood.  The measurement and interpretation of excavation-induced 
displacements, i.e., movements of the rock mass as it adjusts to the introduction of a tunnel, play a key role in this 
respect.  For example, in the absence of appreciable damage around a tunnel, measured displacements have been 
used to calculate the initial stresses in the rock mass.  In rock damaged during excavation, displacements measured 
around a tunnel in known stress conditions have been used to determine the extent and characteristics of the dam-
aged zone.  These two applications tend to be mutually exclusive. 

This thesis addresses the problems associated with interpreting displacements caused by excavating a cylindrical tun-
nel in conditions where the stresses concentrated near the opening are sufficient to damage the rock.  A new tech-
nique using displacements measured near the tunnel face is developed to calculate the initial stresses in the rock 
mass and is applied to a test tunnel in granite at AECL’s Underground Research Laboratory (URL), where extensive 
damage is evident in parts of the tunnel.  The displacements measured around this tunnel constitute a data set un-
paralleled anywhere in the world in terms of precision and quantity.  The stresses estimated from these data are, in 
turn, used in conjunction with results from a field investigation and computer modelling to determine the extent and 
characteristics of damage around the tunnel, and the processes responsible for its development.  It is concluded that 
both the initial stress state, and the extent and characteristics of damage around the excavation, can be interpreted 
from displacements measured around a single tunnel. 

There are several original contributions to the field of rock mechanics represented by this thesis.  In terms of analytical 
approaches, the method used to determine the initial stresses from displacements measured near the tunnel face has 
not been covered in the literature to this time.  This approach is shown to be important in highly stressed rock masses 
where other stress measurement techniques do not work.  The results at the 420 Level of the URL, for example, are 
significant in that they represent a refinement of previous stress estimates.  The mathematical functions associated 
with this method are also new.  In particular, the equations relating stresses and displacements for a cylindrical tunnel 
represent a significant improvement over previous relationships used for such purposes as designing tunnel support.  
Curvature of the tunnel face and stepped longitudinal tunnel geometry are two aspects of real tunnels that are gener-
ally overlooked in interpreting measured displacements.  Both are addressed in the thesis and are shown to be im-
portant considerations.  Finally, instruments installed from within a tunnel to measure rock displacements are shown 
to have several limitations that have not been considered in the literature.  The method of interpretation presented in 
the thesis accounts for these limitations. 

The specific interpretation, based on the estimated initial stresses, of the extent and characteristics of the damaged 
zone around the AECL’s Mine-by Experiment test tunnel considerably enhances the fundamental understanding of the 
response of highly stressed granite to excavation.  First, it suggests that there is a relationship between the stresses 
concentrated ahead of the advancing tunnel face and the eventual development of asymmetric patterns of large-scale 
damage, or breakouts, inside a tunnel.  Second, it shows that the grain size and grain structure of the rock mass sig-
nificantly influence the development of damage.  Finally, it shows that excavation damage in zones of tensile stresses 
around the tunnel accounts for larger than expected displacements in these regions.  It is of considerable interest that 
this tensile damage is not visible with the naked eye, but could, nonetheless, increase the potential for transport of 
radionuclides, either by diffusion or by groundwater flow.  Identification of these regions of damage is therefore im-
portant in designing future experiments to assess the issue of radionuclide transport along engineered openings. 


