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ABSTRACT: Tunnelling through mixed and varying ground conditions has always been challenging. While the 

complexity of the Himalayan geology is well known and numerous failures and cost and time overruns during the past 

several decades have been attributed to the complexity of Himalayan geology, there have been several instances of enormous 

challenges faced even in urban tunnelling through mixed ground conditions. Of course, the Himalayas pose the toughest 

challenges to tunnelling in the world (followed closely by the Andes in South America and the Alps in Europe) due to 

frequently changing ground conditions, presence of water, high stress conditions and regular encountering of poor rock 

mass. 

The challenges posed by tunnelling through mixed and varying ground conditions are highlighted in the presentation with 

the help of case histories from the Himalayas as well as from the cities of Delhi and Mumbai. These include mixed ground 

conditions in soil; at soil-rock interface; and in rock, besides the notoriously frequently changing ground conditions in the 

Himalayas. The focus of the presentation is, however, on tunnelling through rock, both in the mountains and in the cities. 

Tunnelling through rock is often like tunnelling through non-uniform (mixed) media and, with more and more excavation 

for underground space use in urban setting likely to happen in rock around the world, a lot of valuable lessons can be learnt 

from experience of rock tunnelling in the mountains. The presentation includes a quick overview of the factors that influence 

the tunnel behaviour through rock, including in-situ and induced stresses, geological structure/jointing, rock mass strength, 

and groundwater conditions, and dwells upon the tunnelling difficulties arising out of various combinations of these factors.  

These conditions are best tackled by paying utmost attention to details at all stages of the project from investigations to 

design to construction. These conditions are first anticipated based on detailed geotechnical and geological investigations. 

The tunnel is then divided into various sectors according to the expected ground behaviours. Different design solutions are 

then provided for these different ground behaviours. These solutions are then implemented at the construction stage. The 

presentation touches upon all these aspects of rock tunnelling.  

Any discussion on the ways to tackle the different tunnelling conditions is not complete without looking at the barriers in 

India – both technical and non-technical – to sustainable development of projects involving tunnelling, especially in 

challenging ground conditions. With India poised to step up the tunnelling activities across sectors in coming years, it is 

time to look at the ways to reduce these barriers. Despite decades of experience of tunnelling and some technological 

advancement, the approach and mind-set towards tunnelling remains essentially static except within a few progressive 

organizations. This gap in application of best practises thus continues to create problems across all stages of projects – right 

from investigations, through design, construction and into operation. Barriers to tunnelling exist both in technical and non-

technical domains. Some of the significant barriers on the technical front are lack of well-planned geological investigations, 

lack of attention to monitoring by field instrumentation and probing ahead of the tunnel face, lack of confidence in some 

quarters in the use of Tunnel Boring Machines especially in the Himalayas, reluctance to use modern technology, lack of 

freedom to the designers to ask better and more inputs from investigation and to interact more closely with construction 

people during implementation of design, sheer dearth of skilled technical persons etc. 

Some of the non-technical barriers are disputed risk ownership, lack of timely and effective decision making, lack of 

flexibility in contractual arrangements, practice of “bait-&-switch”, award of contract to the lowest bidder, inadequate 

attention to employing suitable equipment, lack of “up-front” work by owner as preparation for the project, and long 

permitting processes. 

While there is no denying the fact that tunnelling through rock, particularly in mixed & varying ground conditions can pose 

significant challenges, there are ways to tackle these issues and move forward. The presentation aims to discuss the issues, 

analyse the current status, identify the pitfalls and suggest ways to move forward. 
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