NATM success in Brazil

Sir, I am writing in conncction with the |
BTS dcbatc ‘NATM is not appropriatc
for usc in London Clay'(T&7, Junc 94,
p22). Dcbatces arc usclul tools for
cxpanding knowledge in a given subject, 1

- would likc to address some points arising |

. from the BTS dcbatc.
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" of fibreglass and silica fume can also
. resuit in remarkable improvements,

. the Heathrow Express Link trial tunnel s

| specially suitablc for Loadon Clay it

| (Scquential Excavation Mcthod), as

Statecments likc “if NATM were

would now have been much morc
cxtensively used”™ do not reflect the fact
that, in any arca of human knowlcdge,
innovations arc rcsisted until their value
is proved beyond reasonable and
unrcasonabic doubts. Acquiring
expericnce with the method and finc
tuning it for optimum performance
demands time, and, meanwhile, carlicr
cslablished methods may present
supcrior performance according Lo some
traditional critcria.

The truth s that it is the name NATM
that is unsuitable, not the method! A
more appropriatc name would be SEM
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proposcd by Profcssor Eiscastcin some
ycars ago. Sir Alan Muir Wood
attcmpted to address the fact that a large |
source of ground losscs (and thercby |
increascd surfacce scttlements) is a rosull |
of the ground moving inwards at the face.
This fcature can be improved in NATM
using tunncl face reinforcement with jet
groutcd columns, soif anchors or other
devices'. Sir Alan correctly emphasiscd
thc importance of using NATM wherc
appropriatc (c.g. varying cross scclions
and, cspeaally, lower cost).

Remarks like “shoterete .. . . is a poor
quality concrete which would allow steel
to corrode” can be true, but today there |
15 cnough experience accumulated to
cnable any contractor 1o manufacturc a
high quality shotcrete if he wants to. As
cited in the debate, addition of stecl
fiores to shoterete improves safcty, speed
and cconomy. [ should add that addition

As a final comment, NATM has been
a great suceess on the Channcl Tunncl -
(as notcd by onc of the debaters), and

an impressive example of good results |
from NATM construction in London
Clay.

As a complement to the debate
contents, [ would like to present some
data regarding NATM tunncls built in
Sao Paulo, starting in the 70s. NATM
cxcavation lechniques, at that time, were
alrcady in usc in non-urban arcas. To my
knowicdge, the first urban application of
NATM cxcavation techniques was made
in Germany during the *70s. The
successful application of NATM in some
German citics motivated Sio Paulo
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' tunncls built 1n Sao Paulo City aiso usc

| cover of oniy 4m. The success{ul
compiction of the Pinheiros Tunnel

i and ground loss of 0.4 per cent).

» distortons. Pinheiros Tunncgl induccd

, and performance are scarce in the
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Water Company to usc it at the ADV
tunnel’. This cxpericace led to the design
and construction of an NATM double

| track tunncl by the Sao Paulo Subway

' Company (1984), with great success from
* the technical and cconomic points of

| view. This cxpericnce demonstrated that

it was possible to construct large cross |
scction tunncls in the city using NATM
techniques in place of cut-and-cover
mcthods.

As a conscqucnce, construction of the |
Paulista Linc was initiated by Sac Paulo I
Subway Company in 1988-1989, with I'nur :
stalions (Brigadciro, Tnianon, !
Consolacio and Clinicas) being built i
using NATM techniques. Thesc stations
were cxcavated in just two years, with no |
disturbance (o the busy Paulista Avenue - |
surface traffic as the tunncls portals were |
located in quict strects ncarby. The
Paulista Linc represents a miicstone |
regarding NATM construction in Sdo |
Paulo City. These NATM tunncis |r
achicved high production rates (up to |
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12m per day) when high capacity
roadhcaders were used’. Current NATM

shiotcrete as sccondary and permancnt
lining, an unusual practice in other
countrics until some years ago.

NATM tunnels in stiff clay

Another cxample (Pinhciros Tunncl) was
built in a stiff, fissurcd clay (SPT blow
count around 40), very similar to London
Clay as rcgards cxcavation behaviour and
geotechnical parameters. This tunncl was
cxcavated undcr a large river, with a soil

motivated the construction of 2 sccond
onc under the same river (begun i May
84} and two other tunncls (Sto. Amaro
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. Tunnel, duc for completion in Nov "94;
and Ibirapucra Tunncl, to be completed

in July "95}. They arc all being excavated
i stiff, {issurcd clay.

Excavation performance paramcters
for the tunncls above were very good
indeed. The Pinheiros Tunncl has shown
remarkably good behaviour (c.g.
maximum surface sctticment of 12mm
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Distortions induced by the excavation are
of particular intcrest, since damage
potcntial to structures and utilitics
ncarby are strongly correlated with .
transversal and/or longitudinal

raximum distortions of 1:1500
(transversal to the tuancl axis). These
distortions were small cnough not to
causc any damage to overlying buildings
above the crown at the opposite side of
the river, just after the crossing.
Information regarding lining design
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literaturc. Problems arisc in asscssing |

Youwrs faithifully. Dr Ruberto Kochen,

tunncl lining performance, as lining loads

- are not routincly monitored. Some .
' funnecls built in Sdo Paulo City had their

lining loads cvaluated using mini-flat jack
tests™ This kind of monitoring has shown

~ that lining axial stresscs arc cquivalent to

30 to 50 pcr cent of in situ stresscs in
hard and stff clays. Soil arching
significantly reduccs lining stresses, as
cxpected, and this effect is much more
intensc in stiffer soils. Taking this cffcct
into account can lcad to thinner and
morc cconomical tunncl inings. Also, it

. has been detected that longer invert
| installation declays lcad to smaller hining

loads, confirming previous theorctical

- studics’.

I would also like to add that, besides
Sido Paulo City tunncls cited above, the
Brasilia Subway Sysicm is now being

| completed, with 6.5km of NATM

tunncls. Thicse double track tunncls were

| built in soft, porous clay (SPT blow count
. of 2 to 4), showing collapsiblc bchaviour.

O structures or utilitics ncar the tunncls
suffcred any damage Irom the

i excavation, and construction procceded

successfully.

Another casc worth mentioning 1s Sao
Paulo City Fourth Subway Linc, to start
in 1995. Design 1s being finished, with
Gkm of tunnels (4km will bc using
NATM), and cight subway stations using
NATM. Stations and tunncls will be built
under a ground cover of 30 to 40m and
nigh water pressurcs (the watcr table is
5-10m below surface).

These challenging underground works
will makec cxtensive usc of ground
trcatment, dramnage and dewalcering. The
usc of NATM concepts in the design
refleet the degree of confidence the Sao
Paulo Comparny has in the ability of thesc
techniqucs to deliver large cross scction
underground urban cxcavations safely, on
tumec at fow cost.
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