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Background: Underground excavations are frequently constructed structures in soil, along 

intact rocks and rock masses.  The analysis and design of underground excavations are quite 

challenging depending on the soil and rock conditions. This requires the subject to be 

extensively studied.  

Objectives: The students would learn the analysis of underground structures in rocks and soil 

of different qualities considering the elastic and elastoplastic stress-strain behaviour of 

geomaterials. The implementation of different design methods, including empirical, analytical 

and numerical approaches, would be covered in this course. Further, the use of codes and 

standards in the design of underground structures and the practical aspects of tunnelling 

including instrumentation and support design will be covered.  

Course Contents (number of lectures in brackets):  

Introduction: Review of soil and rock mechanics concepts, types and classification of 

underground openings, planning and exploration for various underground projects, functional 

aspects, size and shapes, support systems, codal provisions.  [6]  

Elastic stress distribution around tunnels: Stress distribution for different shapes and under 

different in-situ stress conditions, Greenspan method, design principles, multiple openings, 

openings in laminated rocks, Daemen’s theory. [5]  

Surface settlement analysis: Settlement effects of bored tunnels in soft soil, volume loss 

analysis, Transverse and Longitudinal settlement, Gaussian curve analysis. [5] 

Rock mass-tunnel support interaction analysis: Ground response and support reaction 

curves, design of support systems including concrete and shotcrete linings, steel sets, rock 



bolting and rock anchoring, combined support systems, design of TBM segment lining, Muir-

Wood method. [8] 

Empirical and observational methods: Analysis and support design based on RSR, RMR, Q 

systems, New Austrian Tunnelling Method (NATM), Norwegian Tunnelling Method (NTM) 

[6]  

Structurally Controlled Failures: Stereographic projection method, principle and its 

application in underground excavation design, wedge failure and key block analysis. [5] 

Special Topics: Deep excavations, concepts of CWFS, DISL criteria, implementation in 

softwares, stability of excavation face and tunnel portals, instrumentation [5]  
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