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Discussion: Reply to discussion by M. P O’Reilly

R. J. Mair _
Geotechnical Consulting Group, London, UK

Dr O'Reilly takes the view that cracking of

temporary shotcrete linings is not a cause for

concern if there is reinforcement present. He is

correct that cracking in itself is not necessarily a

cause for concern - evidence of cracking can
frequently be seen in shotcrete linings which are

satisfactory and stable. What is important,
however, is that the lining must be able to support

the hoop compression load as rotation occurs at

the crack. Localized crushing may occur if the

compressive stresses on the reduced cross 
section become too high, and this could lead to

instability. Thus it is important that designers
address the potential instability that can arise
when a shotcrete lining is subjected to combined

bending and thrust. This is of most significance

when multiple tunnels are constructed in close

proximityi
The recent construction of some ofthe Jubilee

Line Extension stations in London Clay using

shotcrete has involved excavation of multiple
tunnels. For example, at Waterloo Station a 12m

diameter trmnel has been excavated immediately

adjacent to a 9m diameter tunnel, with a clear
spacing of only l.5m. In such circturrstances it is

of vital importance to consider the effects of
combined bending and thrust on the shotcrete

linings (particularly if they are non-circular in

shape), in order to ensure that potential instability

will not occur. This is a complex soil-structure

interaction problem, and can be successfully
addressed using sophisticated finite element
analysis which can realistically model the
material behaviour of both the ground and the
shotcrete. The results can be evaluated
conveniently in terms ot? design curves for
Lmreinforced and reinforced concrete columns

subject to combined bending and axial load. It

may well prove to be the case that cracking is of

no consequence, as advocated by Dr O'Reilly, but

this depends on the degree of cracking and this

can only be safely evaluated by detailed analysis.


