[bookmark: _GoBack][image: ]
image1.jpeg
Updating the NATM

Sir, Tunnels & Tunnelling should be
congratulated upon impeccable timing,
and Sir Alan Muir Wood on impeccable
foresight for the Sept *94 article on
potential problems with NATM in
London Clay. The need to excavate and
support more quickly in order to gain full
benefit from negative pore pressure
development was eloquently presented. It
leads one seriously to suspect that: dry
process shotcrete (with its large rebound.
dust and invert quality control penalties
mesh reinforcement (with its long delays
at intersections and shadow effects); and
hand held equipment (with its volu-
metric, reach and human limitations)
collectively doom NATM to a less than
optimal performance in a weak, fissured
medium beneath important structures at
Heathrow and the Jubilee Line
Extension. One should learn from one
disaster and avoid a second by
appropriate changes of methodology.

Classic negative pore pressure
development is presumably most
effective in an over-consolidated
continuum and least effective in a
fissured medium like much of the
London Clay. Although each affected
Clay ‘block’ is temporarily hardened by
the unloading and/or initial shear strain
and dilation accompanying tunnelling,
the transfer of negative pore pressures to
deeper layers is presumably less effective
across fissures than through a continuous
medium. Later re-establishment of
positive pore pressures might
nevertheless be assisted by minute flows
along the fissures, where softening will
preferentially occur.

The well known scale effects on shear
strength and deformability documented
by Marsland of BRS in the early *70s are
fissure-induced and are also seen in
(jointed) rock mechanics. Perhaps a rock
mechanics engineer would be forgiven
for suggesting that fissures should
sometimes be included discretely in
design as is regularly done in rock
mechanics, either through empirical
methods or using distinct element codes
such as Cundall’s UDEC and 3DEC.
There is no need (nor do we have the
ability) to model all blocks!

Exploring just the empirical approach,
which is easier, one finds that the
Q-system of rock classification can be
readily applied in a logical and quite
sophisticated manner to fissured London
Clay, to take into account both time and
construction methods, and of course
geotechnical variability, using histogram
field mapping sheets. The Q-system and
NMT (Norwegian Method of Tunnelling)
principles have been used in worse
conditions than London Clay in many
countries, with great success. Reference
to T&T, Oct *94, p41 will help
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interpretation of what follows.

The London Clay must clearly be
treated as an ‘incompetent rock’
following Deere, and be given RQD = 0
(i.e. use ten as the minimum value in the
Q calculation). The number of fissure
sets and more persistent joints and
‘backs’ will determine the J value
(number of sets). The first pair of
parameters (RQD/J,,) which describe
relative block size will therefore be equal
to approximately 10/(6 to 15) and will
vary considerably from site to site.

The second pair of parameters (J,/J,)
describing inter-block friction should

| have the final character of ‘thick clay

fillings” (no rock to rock contact) and
should therefore be given the values of
1.0/(6 to 8). This is conservative; no
initial dilation on the non-planar fissure
surface has been allowed. In reality, J,/J,
might vary from 2/4 to 1/8 with time if
strain softening is allowed, and need
more support as a consequence. The
third and final pair of Q-system
parameters (J,/SRF) describing water
ingress (or pressure) and the effective
stress to strength ratio will clearly be
affected in London Clay by whether the
excavation is performed fast and
supported fast (using robot applied fibre
reinforced shotcrete) or excavated slowly
and supported slowly using the type of
hand held equipment frequently
photographed in 7&T from NATM
construction sites (to the continued
amazement of Norwegian tunnelling
colleagues). Depending on tunnelling
method, depth and site characteristics,
J/SRF may have values in the range
(0.66 to 1.0)/(2 to 5). (An allowance for
squeezing is made in the worst case.)
One ends up with a potential Q-value
range of probably about 0.01 to 0.1, i.e.

=001 to 01

This range of quality plots in the
‘extremely poor’ rock class in the
Q-diagram (Fig 1, T&T, Oct 94, p40).
For excavation spans of more than 10m,
this would imply substantial rib
(reinforcing bar) reinforced (or lattice
girder reinforced) steel fibre reinforced
shotcrete of about 15 to 25cm thickness
as final support in the best quality end of
the above range of Q. Cast concrete final
lining following rib reinforced S(fr)
primary support would be needed at the
other end of the quality range, again for
spans of more than 10m. Primary S(fr)
can be built up following NATM
monitoring principles if desired; but the
thickness can be designed using the
Q-system.

Robot-applied steel fibre reinforced
wet process shotcrete with production
rates of 5 to 25m’/h (depending on the
size of the rig) should be adopted in
place of outdated mesh reinforced

shotcrete both at Heathrow and Jubilee
Line, allowing more rapid and
mechanised mining and immediate
support of the ground within the negative
pore pressure phase emphasised by Sir
Alan Muir Wood. With reduced strain
softening, subsidence and final loads
would thereby be reduced. Robot S(fr)
technology is ten years and one cycle
ahead of S(mr). Some would say that this
lost cycle (for mesh fixing) is the
difference between success and failure in
difficult tunnelling. Commercial
application of S(fr) 16 years ago in
Norway has certainly kept prices low
throughout this period in the 100km/year
of tunnelling. Of particular relevance to
Heathrow problems as reported in the
UK press is that inverts are not covered
by low quality rebound material. When
using wet process S(fr), there is virtually

| no rebound!

Clearly, Norwegian contractors have
been too quiet, and English owners all
too easily influenced by NATM successes
— of which there are of course many. It
is perhaps time to combine the best
aspects of English, Austrian and

| Norwegian tunnelling technology and

advance tunnels in London faster and
more cheaply, confident of having used
the best available technology and design
principles, thereby minimising the chance
of another black October.

Yours faithfully,

Nick Barton, NGI, PO Box 3930,

Ullevdl Hageby, N-0806 Oslo, Norway.

Clarification of NATM

Sir, NATM is not a hard rock method!
The NATM was developed in Austria
around 1954 for construction of soft
ground tunnels. The first application for
underground railway projects was at
Frankfurt/Main in 1968 with the
construction of a trial tunnel. The
benefits of the technique in urban areas

| resulted in 70 per cent of the tunnelling

carried out in Germany using the
NATM, mostly in clay, silty clay and
similar soft ground conditions.

In the intervening years since its initial
introduction, many large cities around
the world, e.g. Washington DC, Dallas,
Sao Paulo, Brasilia, Seoul, Taipei,
Istanbul, Athens, Rome, Thailand,
among others, have accepted the method.

Regardless of the tunnelling method,
collapses do from time to time occur and
for a variety of reasons. When apparently
new methods are applied using the
concepts of older methods, the behaviour
of the ground support is difficult to
assess. Hence, the skill of the tunnelling
practitioner needs to be re-adapted. In
order to further these changes, the advice
of known specialists needs to be sought,
not only at the design stage, but
especially in the control of the
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