The New Austrian »Tunnelling Method

After describing the influence of rock-pressure effects on tunnel
linings, the author underlines the inadequacy of conventional
tunnel driving and lining methods in poor ground and
explains the effectiveness and reliability of a new method
consisting of a thin sprayed concrete lining, closed at the

earliest possible moment by an invert to a complete ring—

“called an “auxiliary~ arch”=the “deformation” of which is -

“measured as a function of time until equilibrium is obtained.
Ways are shown to determine the magnitude of active forces,
which leads to dimensioning of linings on an empirical basis*.
Further articles describe successful applications of the method

By Prof. Dr.techn. L. v. RABCEWICZ

PART ONE

N the conventional tunnelling practice of the past,
masonry in dressed stone or brick was regarded

as the most suitable lining material in unstable

rock. Concrete was rejected because possible defor-
mation during the settling and hardening process
was supposed to cause irreparable damage. The space
between masonry lining and rock face was dry packed.
Timber lagging, which was subject to decay when left
in place, generally could not be removed, particularly
from the roof, because of the danger of loosening
and rockfalls. :

The situation was further aggravated by a very
unfavourable time factor. Merely to bring to full
section a 9m-long section of a double-track railway
tunnel by'the old Austrian tunnelling method, after
the bottom and top headings had been driven, took
about four weeks, and another month was needed
to complete the masonry of the section. The amount
of timber used in more difficult cases was so enor-
mous that one third and someiimes even more of
the excavated space was filled by solid timber.

All these circumstances, together with the tendency
of the temporary timber framework -to yield, neces-
sarily produced violent loosening pressures, which
frequently caused roof settlement up to 40cm and
more before the masonry could be closed. Years
after construction had been finished a slow decrease
in volume of the compressible and sometimes badly
executed dry packing often deformed’ the lining
asymmetrically, causing damage and costly repairs.
Damage to the surrounding rock as well as to the
lining itself -was further increased locally by the
mechanical and chemical effects of water.

It is evident that in this period of rather inadequate
methods and materials for temporary and permanent
supports, loosening pressures were a source of the
greatest concern to tunnel engineers. All attempts to
design a lining during this period were consequently
carried out with sole regard to loosening pressures.

* The substance of this series was originally presented to the XIIT Colloguium
of the International Society of Rock Mechanics in Salzburg, October 1962,
and this English version, which coatains additional material, is published
by arrange:gent with Springer-Verlag, Vienna, the publishers of Fels-
i hanik und I : logi

1 References will be collected at the end of the third and concluding article.
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Occasional subsequent deformations of linings for-
cibly led to the erroneous conclusion that the linings
designed in this way still lacked the necessary margin
of safety, whereas the failures almost without excep-
tion were due to incorrect treatment of the surround-
ing rock and-to fundamental shortcomings of the
methods. ) ]

A typical practical example of the imperfections
mentioned’t is. a double-track railway. tunnel in
Czechoslovakia, which was driven almost a century
ago through a ridge of soft, horizontally stratified
sandstone. Although the rock was fairly stable,
stratification and jointing caused the corners in the

. roof on both sides to fall out, leaving a more or less

rectangular cavity instead of an arch. The tunnel was
supported by an excellent dressed-stone lining, 45cm
thick, but it was not backfilled. During the following
decades the unsupported layers of sandstone sub-
sided and settled on top of the arch, causing the roof
of the lining to bulge downwards (Fig. 1). Had the

I SOFT SANDSTONE,

——

NATURAL BACKFILLING
BY DECOMPQSED ROCK

Fig. 1. Deformation of a malconstructed tunnel arch
by loosening pressure
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The New Aust}fian Tunneﬂing Method P

In this second article the author describes a number of

actual tunnels, in various countries, in the construction of

which the new Austrian method has been applied
successfully

By Prof. Dr. techn. L. v. RABCEWICZ,

PART TWO = ce e SR

NTERESTING practical examples of stress- of 5-15cm thickness, was as a rule left without an
Irearrangement effects, as well as of the soundness invert for a very long time. In some cases it was a
of the design rules for auxiliary shotcrete linings  year or more before the invert was placed. The sides -
~ enunciated in the first article, have been encountered walls were thus bound to deform under pressure to
during the construction of numerous pressure and  various degrees according to the quality of the rock,
diversion tunnels for the Tiroler Wasserkraft A.G. Particularly in the sections cutting across mylonites
(TIWAG) Prutz-Imst and Kaunertal hydroelectric  were local deformations up to 25cm observed, causing e
schemes. The author has also had the opportunity heavy cracking. In places the sidewalls had to be re. )
to observe the phenomena described in a series of peatedly redressed and freshly shotcreted (see Fig.
tunnels built abroad in accordance with the new 9). Equilibrum was obtained eventually by the use of
: methods. In the Kaunertal scheme alone about 70km  additional Perfo rockbolts. Characteristically the
i of tunnels were built with locally rockbolted auxiliary roofs showed no signs of pressure anywhere. Roof
shotcrete linings as an essential part of the driving pressure by loosening—the prevailing cause of trouble
procedure (Fig. 8). Amphibolites, schistose gneisses,  with the older methods—did not arise at all,
eye-gneisses and mica slates of all possible qualities In those cases of swelling pressure caused by the
: down to the worst have been penetrated by tunnels increase in volume of tectonically preloaded clayey
with cross-sectional areas ranging from 10 to 20m? or marly materials'® due to water absorption when
and overburdens up to 1,100m, the pressure is released, systematically applied deep
The working sequence shown in Fig. 10 was used anchoring by Perfo or SN-type rockbolts grouted
almost without exception. The auxiliary shotcrete in place has proved so far to be the sole means of
lining (stage 111), consisting only of roof and sidewalls obtaining equilibrium with a minimum of deforma-

N

S

Fig. 8. Tunnel wall receiving surface protection by a Fig. 9. Shotcrete lining failure because Perfo anchors
shotcrete layer immediarel ly after mucking ous and bottom bracing were not applied in good time

WATER POWER December 1964
Vie wia Kl -S15
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The New Austrian Tunnelling Method

In this final article the author stresses the value of rock

deformation measurements in determining the thickness of

the lining. A test tunnel has been constructed in Austria to

investigate this subject. A failed tunnel construction which

was rescued by applying the new Austrian technique is
h described

By Prof. Dr. techn. L. v. RABCEWICZ

PART

HE fundamental importance of deformation
measurements with respect to time was emphasised
by the author 20 years ago. A knowledge of the
displacement of linings and of the surrounding rock
as a function of time not only makes it possible to
determine whether equilibrium will be reached or not,
but can also be regarded as a valuable means of
ascertaining the magnitude and distribution of the
forces around a cavity. Further information, such as
checking the formation of the protection zone by
scophysical measurements as was done in the case of
the Isére tunnel, is naturally extremely valuable.
Based on all this practical experience and theoretic-
al findings a new tunnelling method—particularly
adapted for unstable ground—has been developed
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which uses surface stabilisation by a thin auxiliary
shotcrete lining, suitably reinforced by rockbolting
and closed as soon as possible by an invert. For the
first time in tunnelling history systematic measure-
ment of deformations and stresses enables the required
lining thickness to be evaluated and controlled
scientifically. The method has been called “The New
Austrian Tunnelling Method,” since Austrian engi-
neers have taken a decisive part in its development.

A conspicuous example of an almost complete
application of this method is given by a 400m long
highway tunnel built recently in the southern part of
Austria. With the exception of a small portion in
limestone the tunnel is situated in slightly waterbear-
ing graphitic argillaceous schists, partly very soft and
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Fig. 21. Construction sequence for road tunnel in southern Austria
/
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Fig. 30. Permcent shorcrete lining of a super-highway
tunnel in Venezuelg, Jollowing the irregularities of
the rock

Final Remarks

Shotcrete is unfortunately an expensive construc-
tion material, and when used in the wrong way it may
not alwavys show a saving compared with concrete
placed in shuttering, particularly when unit shuttering
€osts can be lowered by re-use. As has been explained,
shotcrete is not intended to be used like a conventional
concrete lining on a fairly good rock far behind the
face, where the rock is already decompressed and
sufficiently safeguarded by rockbolting. On the con-
trary the method aims to reduce anchoring to a min-
imum by preventing initial superficial loosening as a
result of the more effective interaction between shot-
crete and rock; the worse the rock, the greater the
savings that can be made by the new method.

If shotcreting is not introduced as an integral part
of the driving process its advantages will not be fully
utilised. Further, the new technique is rather delicate
in application, particularly in soft ang possibly
waterbearing ground. Applying the method correctly
needs as much practical knowledge as, say, fore-
poling in difficult ground, and it requires in addition
much closer collaboration with the engineering
geologist. Evaluating forces by measurements with
respect to time is the very basis of the method and the
sole means of economical design in accordance with
the actual properties of rock. The design and dimen-
sioning of auxiliary and inner linings and the as-
sociated steel reinforcements should therefore be
carried out exclusively by engineers who have not
only practical tunnelling experience but also an ex-
tensive knowledge of rock mechanics. The handling
of the purely practical part of the work can be en.
trusted to experienced foremen especially trained in
the method. Disregard of these rules has already
caused several serious accidents and failures as wej]
as financial loss by overdimensioning. Dimensioning
linings on the basis of experience with tunnels built
by obsolete methods js entirely out of fashion and is
thus no longer acceptable, new experience having
superseded what was done in the past. It is a grave
blunder to apply obsolete and unscientific methods to
expensive modern shotcrete linings.

This causes irresponsible waste and is liable to

discriminate against the new method.
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Fuse Catalogue. G.E.C. (Engineering)  Limited,
Switchgear Division, Birmingham 6, have issued a
new fuse catalogue (SP 910) which supersedes their
Technical ‘Description 466, The high  rupturing
capacity fuse links described in this catalogue are
available with current ratings from 5 to 200A at
voltages ranging from 3-3kV to 66kV, the highest
current ratings being associated with the lower
voltages. The publication contains graphs showing
pre-arcing time/current characteristics, total operat-
ing time/current characteristics and the relationship
between prospective and cut-off currents for all the
voltage ratings. It also contains an explanation of
virtual time and includes a table giving the value of
Aty for all the fuses. The catalogue is available from

“the G.E.C. Publicity Department, Witton, Birming-
ham 6.
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