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Abstract of doctoral thesis 

Advances in computers and improvement in numerical computing technology have led to the use 

of numerical analysis in a variety of fields. In the field of underground structures such as tunnels, 

numerical analysis is often used for their design. However, it is not unusual for results of numerical 

analysis to differ from actual behavior, and, in some cases, the differences between reality and 

predictions are large enough to cause serious accidents. To overcome this drawback, in previous study,

the effects of discontinuity and anisotropy of the ground on the behavior and stability of underground 

structures have been predicted and evaluated via ground modeling with respect to continuous and 

discontinuous bodies. 

On the other hand, ground, being a natural material, exhibits spatial variation (heterogeneity) in 

geomechanical properties, even within the same stratum. This characteristic is rarely a problem in 

cases where the ground is considered a discontinuous body, since in such cases, behavior originating 

in the planes of discontinuity dominates. However, in cases where the ground is considered a 

continuous body, problems might arise in terms of stability of structures, since the actual behavior 

depends on the heterogeneity of the geomechanical properties. Despite this, even in the latter cases, 

there are currently very few examples of predictions/evaluations of the effects of heterogeneity of 

geomechanical properties on the behavior and stability of underground structures, in particular, of 

cases that consider the heterogeneity of geomechanical properties within the same stratum. 

Additionally, when continuum analysis is used in actual design, it is common to assume that each 

stratum is a homogeneous material, without reflecting the heterogeneity of geomechanical properties 

in the modeling, and without a proper discussion of the conditions under which the ground can be 

assumed homogeneous. For this reason, the current design of underground structures using continuum 

analysis is considered inadequate in terms of assessing risk related to the effects of heterogeneity of 

geomechanical properties on the behavior and stability of underground structures. Hence, to improve 

the design of underground structures using numerical analysis in cases where the ground can be 

considered a continuous body, and ensure adequate safety during construction, it is necessary to 

consider the heterogeneity of geomechanical properties, and predict and evaluate its effects on the 

behavior and stability of underground structures such as tunnels. 

The aim of this work was to gain fundamental knowledge for predicting and evaluating the effects 

of heterogeneity of geomechanical properties on the behavior and stability of underground structures. 

For this purpose, I studied the effects of heterogeneity of geomechanical properties on the behavior of 

ground and tunnel supports during tunnel excavation using continuum analysis while considering the 

heterogeneity of geomechanical properties. 

To identify the extent of heterogeneity of geomechanical properties for which ground can be
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assumed homogeneous while performing tunnel excavation analyses, such an analysis was first 

performed taking into account the heterogeneity of ground deformation properties within the same 

stratum. Using the displacements around the tunnel obtained from this analysis, a back analysis was 

then performed assuming that the ground was homogeneous. Next, by evaluating the variations and 

differences in the analysis results, the conditions that allow heterogeneous ground in the same stratum 

to be assumed homogeneous during tunnel excavation analysis were examined. My results indicated 

that when the average of the scale of fluctuation relative to the tunnel diameter, a parameter related to 

the heterogeneity of geomechanical properties,  0.09, heterogeneous ground can be assumed roughly 

homogeneous on a global scale. This indicated that the magnitude of the scale of fluctuation relative 

to the tunnel diameter is an important factor for predicting and evaluating the effects of heterogeneity 

of geomechanical properties on ground behavior around a tunnel. 

Next, the question of whether local increase in tunnel support stress obtained in actual field 

measurements can be predicted from the perspective of heterogeneity of geomechanical properties 

was investigated by performing a tunnel excavation analysis taking into account the heterogeneity of 

geomechanical properties within the same stratum using field data obtained from the Horonobe 

Underground Research Project. In addition, a statistical evaluation of local increase in the measured 

support stress was performed by statistically analyzing the variation in support stress obtained from 

the tunnel excavation analysis and evaluating the effects of the heterogeneity of geomechanical 

properties on tunnel support stress. My studies revealed that an advance prediction of local increase 

in tunnel support stress requires analyses that take into account the heterogeneity of geomechanical 

properties. The question of how large the margin of safety should be while predicting local increase 

in tunnel support stress is an important topic for future research. 

This study provided fundamental knowledge for predicting and evaluating the effects of 

heterogeneity of geomechanical properties on the behavior and stability of underground structures for 

the future. 
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