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| I write to T&T/ on behalf of the CVA
- consortium, which is composed of the five

. principal Brazilian contractors and two

- consulting companies. CVA were recently

blamed by the Brazilian Technological

Research Institute (IPT) team working for
| the prosecuting authorities, for causing

the tragic metro station collapse in Sao

. Paulo, which took the lives of seven

people in early January, 2007. The

| authorities nominated IPT and some

' national and international consultants to

: perform the 18 months investigations {see

| resumé in the recent Barros et al.. Nov. 08,
| T&T!report “Lessons from Brazil:

' Pinheiros examined™). IPT’s official report
runs to 3,000 pages and 46 volumes.

| would first like to address T&TI

. Editorials of May, 2008 (“Let's get {geo-)
- physical” by Tris Thomas) and Novemkber,

2008 (“Risky business?” by Amanda Foley).

i T&T! has understandably tied significant
| parts of both editorials directly to the two
. ‘opposing-parties’ articles, now printed in
| T&TI. (The first, by the undersigned, was
- titled *A unigue metro accident in Brazil”,

T&TI, May. 08},
As an international tunnelling consultant

- having practicad in more than 30 countries,
; in a wide variety of tropical and undesirably
- exotic geological conditions, | would have

. liked to be able to share T&Tf implied belief
. that ‘unforeseen ground conditions’ could
be virtually removed from the vocabulary of
| tunnellers. With sufficient access, sufficient

. {geajphysical techniques. and sufficient time

and budget, this ideal could no doubt be

- approached. Deeper construction of metro

- stations from underground. would of course
. be safer in tropical terrains, but clearly not

. more expensive, as T&TI suggested in the

- first editorial. Cities without suitable geology
: always have to go deeper. Only the

. escalators and their shafts are more

expensive. Stations and metro tunnels are

- much cheaper, and faster driven when at
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greater depth, in more uniform geology. One

The Pinheiros
disagreement

Left: The Pinheiros station collapses in
January 2007, killing seven

needs to look no further than London,
Prague, Moscow etc. Large-diameter shaft
concepts should cease to be a valid
construction option, when major
construction can be from the underground.
Longer escalators are a small price to pay.

As editors of any published material, it is
logical that one must believe in material
that is submitted for publication. The
editorial of November 08, in which T&T/
suggest, based on a synthesis of the [PT-
and-consultants article, that “the ground
conditions were found to be more or less
exactly as predicted at the time of bidding”
is understandable in the circumstances in
which it was written, taking in good faith
the veracity of the submitted article. In view
of the fact that painstaking excavation
through 16.000m? of collapsed soil, sand,
saprolite, gneiss and mylonite, actually
revealed the presence of an undiscovered
ridge-of-rock, with top elevations mostly 9
to 11m higher than the evidence of the
eleven nearest boreholes, one of them
drilled almost in the cavern centre, this
conclusion by both IPT and the T&T! editor
has to be challenged. Besides the centre-
line hole, the four closest boreholes were
drilled immediately around the cavern
walls. The real situation was illustrated, in a
simplified diagrammatic manner, in the
May. 08 T&T/ article referred above.

The above rock-head elevation
discrepancy, clearly not as predicted at
the time of bidding, is miraculously
passed over in the IPT article, and in their
3000 pages report. perhaps because their
painstaking drawings of collapsed rock
have erroneous (-5m) elevations in relation
to the contrary evidence of thousands of
photographs, relatively few of which they
reproduced. Even after falling 9 to 10m.
rock levels were still as high as presumed
from borehole evidence. In other locations
in the 46 volumes, their dip-and-strike
recards of jointing show the correct high,
central ridge elevations. IPT geologists
perhaps did not notice, nor do they
comment this discrepancy.

Their report, reflected in the Nov 08 T&T!
resumé, bears witness to many
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misunderstandings of rock mechanics
principles and tunnel stability concepts,
including the idea that the adjacent shaft
excavation would reduce, rather than
increase the tangential stress acting above
the cavern arch. The IPT-and-consultants
have also assumed that Ko of 1.5 is more
conservative for cavern stability analyses
than the designer's choice of Ko of 0.33.
Their team of geoclogists. engineers and
even professors, also draw incorrect
conclusions from some of their own 3D
continuum analyses concerning direction-
of-excavation effects.

Rock cover was expected to be amean 3
to 4m above the cavern arch, based on the
mean of the five nearest boreholes referred
to above. The reality: an inverted wedge or
ridge of higher quality rock up to 11m higher,
surrounded by weak, weathered material,
may have weighed as much as 15.000 tons,
taken together with the loading from relic-
jointed saprolite. Collectively, this provided
the adverse loading in the arch, sufficient
both to fail some of the elephant footings at
the base of the lattice-girder reinforced
40cm thick S{fr), or to cause yielding and
plastic-hinge development of this load-
bearing structure. where footings were more
resistant. In places, the lattice-girder steel
bars of 30mm and 25mm diameter were
seen to have been plastically stretched and
failed in tension. This matches post collapse
modelling with UDEC and structural element
force-moment N-M analyses.

Some points in the IFT-and-consultant
T&TI article of November 2008 need
particular comment. It is not correct that
the rate of excavation accelerated during
the excavation of the first bench. It is not
correct, due in fact to the number of days
lost in the Christmas recess. However, it is
normal that bench excavation goes faster
than tunnel-front excavation: that is why it
is performed throughout the world. It is
also normal and expected that increased
deformation results, The accelerating
deformation shown in the last three to five
days prompted additional stabilizing
measures by CVA, but even if there had
been time to carry these out, failure, with
the benefit of post-collapse analysis,
would have been inevitable, due to the
unprecedented loading.




[image: image2.jpg]In view of the eleven nearest boreholes.
far exceeding international norms of
L{borehole)/L{tunnel) for a 40 x 19m span
cavern, both the adjectives ‘unpredicted’
and 'unpredictable in the circumstances’ are
probably valid. However, prompted by the
relevant (geo)physical observation of T&T/
editor Tris Thomas (May. 2008), we may
observe that seismic refraction had been
attempted by an IPT team 10 years earlier,
on behalf of Sdo Paulo Metrd, in a few
locations along quieter (back-street) parts of
the line, nevertheless without managing to
provide P-wave velocity estimates.

At Pinheiros, the station is immediately
adjacent to seven lanes of 24 hours traffic
and two rail lines, both key arteries in this
17-million metropolis. Their presence
prevented IPT from performing refraction
seismic successfully, even after the
accident. (Traffic chaos spread out to
several kilometres radius, when one of
these two parallel arteries was temporarily

closed following the accident).
Road closure was not an option
for such investigations, and
eleven borehales had not
suggested any necessity for
such. ‘Unpredictable in the
circumstances’ is probably
defensible.

The evidence of eleven
boreholes had also not given cause
for performing ‘noise-protected’
{down-hole} cross-hole seismic, a
measure that had in fact been used at one
location by IPT 10 years earlier. Their
nearby (river-marginj boreholes, also used
for 3D cross-hole hydro-tomography, had
shown a similarly consistent rock head, 14
to 18m below the surface, and a
remarkable 2,\05“1 (km/s/km) P-wave
velocity-depth gradient. from 2.2 to

4.2km/s in the depth increment 14 to 24m,

with Q-values also increasing from about
0.1 to 4 in the space of the same 10m. On

Tris Thomas, ‘Tunnels & Tunnelling

ANY
COMMENTS?

If you have a comment or
anything you’d like to put to the

industry we’d like to hear from you.
Please contact the editor by post, email,

fax or through our web site:

International’, Progressive House,
2 Maidstone Road, Sidcup,
Kent DA14 5HZ, United Kingdom.
Fax: +44 208 269 7840
Email: tthomas@tunnelsonline.info
Web: www.tunnelsonline.info

the
basis of this,
potentially favourable footings for the
elephant-feet could have been predicted,
though the CVA designer chose to be
conservative, and not take credit for such.

Sincerely
Dr. Nick Barton, Oslo, Norway

Dubai’s ‘typical engineering properties’?

Dear Sir

We write with regard to the recent article in
the December 2008 Issue of T&TJ, reporting
on the British Tunnelling Society Meeting on
the Dubai Metro. We found it both interesting
and informative.

We are also familiar with the strata
reported in the article and have had the
opportunity to describe and test these
materials on a number of projects in
Dubai in recent years. We would like to
comment on the “typical engineering
properties” listed for the principal strata
encountered on the project in Table 1 of
the article.

With regard to the shear strength
properties, most soils and rocks have a
curved failure envelope at low stresses
and a cohesion value can be derived from
a linear approximation to the curved failure
envelope. dependent on the normal stress
range selected by the designer. As such
the cohesion quoted to 4 decimal places
would seem overly precise. The friction
angle value quoted for the sandstone
strata (189) is also very low and we would
have expected much higher values for a
rock made up of cemented carbonate or
quartz particles.

With regard to the stiffness propetties it
would appear that there is some confusion
in the units for the properties listed. Whilst

Right: Fig 1 - The author’s recent Young's

Modulus test results for sandstone

the E’ values for the Marine Deposits {in
MPa) confirm our expectations. the
remaining values of 0.0514MPa to
0.0707MPa do not. Even if the units were
in GPa (i.e. 51.4MPa to 70.7MPa) the
reported values are considerably lower
than we would expect for these strata. By
way of illustration we include a plot (our
figure 1) of some recent data we have
obtained in the sandstone.

Figure 1 shows the results of a number
of tests for Young's madulus, derived from
correlations with Pundit P-wave velocity
(blue diamonds), borehole dilatometer
tests (green triangles) and uniaxial
compression tests (orange squares). The
strain levels for each test have been
converted to an equivalent total
engineering shear strain to facilitate direct
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comparison between methods. It can be
seen that. in common with many other
natural soils and rocks, there is a trend of
decreasing modulus with increasing strain.

The technical literature suggests that
we typically consider modulus values at a
strain range of 0.1 to 1.0% for routine
tunnel design. From Figure 1 this would
suggest that Young's Modulus values in
the range of 200MPa to 350MPa could be
considered for the sandstone strata.
Lower values might be appropriate where
the sandstone is poorly cemented and
more like a dense sand.

We hope that our comments will be
found helpful.

Steve Macklin, Sara Anderson, and Jack
Yiu (Arup Geotechnics)
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