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12 Sao Paulo’s Brooklin Station:
An OPA Contender
Dario Libano
The extension of Sao Paulo, Brazil’s metro is
currently the most important investment in
public transport by Sao Paulo state’s
government. The final design at the line’s
Brooklin Station was revised by the parties to
the contract, including Brasfond, the
foundation contractor. The new design featured a concrete structural diaphragm wall and
reduced construction time and also avoided dewatering effects in a geological region that
included Quaternary sediments and contaminated plumes. The project marks the first time
that a hydromill was used for such work in Brazil.
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53 Pile Driving Between the Amazon and Xingu Rivers: Solution Found
Jorge Beim, Marcelo Groszownik and José Carlos do Amaral
Part of a $1.2 billion high-voltage project in Brazil called for pile driving in extreme soil
conditions, such as year-round water, dense jungle vegetation and low surface soil
resistance in rare dry periods. The area was also part of an environmental reserve, called
“Forever Green.” A clever construction solution overcame problems by distributing the
driving equipment to 15 small driving rigs, each of which bore less of the load. The
engineers, from JWB Consulting and two Brazilian geotechnical firms, conducted many
loads tests to confirm the effectiveness of the approach.

60 Ground Freeze Method for Groundwater Cut-off
Daniel W. Mageau, P.E., Aaron K. McCain, P.E., and Larry W. Applegate
A new approach to ground freezing was
successfully tested in Miami, Fla.’s challenging
ground conditions. Typically, these include near
surface groundwater, weak limestone and sand. In
the test, the new Zone Freeze Pipes method
created a thick, temporary, frozen barrier under
the planned excavation depth and cut off vertical
groundwater flow before excavation. The method
was compared to using conventional full freeze
pipes. Miami ordinances have changed to allow
underground parking and the new method can
facilitate construction.
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COVER STORY

Sao Paulo’s Brooklin Station:
An OPA Contender
The Line 5 Extension, in Sao Paulo, Brazil, is currently the most
important investment in public transportation by Sao Paulo’s state
government. It will connect the south part of the city to the city
center, crossing through four other major Metro lines and stations;
all currently in operation. The total extension of the line is 11 km
(6.8 mi), and includes a new parking yard for the trains and 11 new
stations. The Brooklin Station, one of the new stations due to be
open and operating in 2016, has a unique geometry of five secant shafts.
The original design included constructing five secant shafts
stabilized by two plastic slurry walls using conventional grab
technology. One slurry wall, along the Santo Amaro Avenue, was to
contain the contamination plumes, and another was for temporary
support to enable the excavation of the shafts. The final retaining
wall design was changed to a concrete structural diaphragm wall
that reduced the construction time of the shafts by half, allowing the
contractor to meet the construction schedule. This solution also
avoided dewatering effects in a geological region characterized by
Quaternary sediments and environmental contamination plumes. It
was the first time that a hydromill was used in such a situation in
Brazil. The hydromill, by overcutting the panels, increased the
quality of the joints, and decreased the probability of having seepage
into the shafts. The hydromill also created a seepage barrier and
avoided movement of the contaminated plumes.

AUTHOR

Dario Libano, Director, Brasfond Group
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The Geology
Local geology is composed of a superficial Quaternary soil, basically
soft organic clays and sands and gravels. From the depth of 8 m (26 ft)
until 18 m (59 ft), geology is composed by tertiary medium compact
sand with thin silt-clay layers. From 18 m (59 ft) down, there are
alternations between compact silt-sands layers with very hard clays
layers. Each is approximately 5 to 10 m (16.4 ft to 33 ft) thick.

The Initial Basic Design
The original basic design of the Brooklin Station was to be
constructed from five 40 m (131 ft) diameter intersecting circular
shafts, all in a line along the axis of the Metro tunnel, in 555 days. In
the excavation sequence, the odd shafts were first excavated,
waterproofed and had part of their inside cast-in-place structure
built before the even shafts were excavated. During the excavation
of the even shafts, part of the odd shaft’s support was demolished
and connected with the even support. A 0.8 m (2.6 ft) thick plastic
slurry wall, acting together with the wire mesh reinforced shotcrete
support, ensured the excavation stability around the five shafts.
Because the local geology is composed of alternating sandy and
clayey layers, and groundwater level is near surface, the designer
decided to use submersible pumps in deep wells to avoid
suppression during the excavations. To complicate things, a
contaminated plume from a factory adjacent to the station, led to a
design where a 240 m (787 ft) long plastic (cement-bentonite)
plastic diaphragm wall barrier needed to be constructed along
Santo Amaro Avenue to avoid the dewatering effects and movement
of the contamination towards the station.

As a consequence of all these difficulties, the designer, together
with the general contractor and the foundation contractor, decided
to undertake a final detailed design for construction, and a new risk
analysis of the project. This work included new surveys and indepth studies of the geology and hydrogeology of the region to
eliminate the dewatering effects and the traffic impact during the
construction of the plastic diaphragm wall barrier.
The success of this project and optimization of the design were
only possible because of the dialogue among the client, engineering
company, general contractor and foundation contractor.
The owner and client is the Metro – Companhia do
Metropolitano de Sao Paulo. The station construction is currently
underway by the Andrade Gutierrez / Camargo Corrêa JV who are
waiting for the TBM to come through before the station is then
closed and finished. Geodata Geoengenharia do Brazil provided the
basic and executive design, and the foundations, including the
diaphragm wall, was constructed by Brasfond Group.

The Final Design
The client established several construction requirements for the
final design, the most important of which are listed below:
• Solutions to mitigate the contamination found in the
surrounding areas and prevent spreading
• Construction systems and methods to accelerate the station’s
excavation phase, in order to fulfill the TBM schedule
• Keep construction costs unaltered

Original Design (above) and Final Design (below)

support were both considered as temporary and disposable
structures in the original solution. Furthermore, and most
important, due to the improved quality of the joints, the plastic
slurry wall barrier along Santo Amaro Avenue was eliminated,
avoiding the traffic impact during its construction.
In the final design, 133 singular (single bite) panels, with
dimensions of 1.0 m x 2.80 m (3.3 ft x 9.2 ft) and 30 m deep (98.5 ft)
were used to give the external circular geometry for the shafts.
At each of the five shaft intersections, four diaphragm panels
36 m (118 ft) deep, forming the shape of an arrow, were
constructed simultaneously, aimed at “interlocking” the shafts. This
solution offered a way to hold the arch effect of the shafts (in
principle acting as big tieback) and avoid having to fully close the
circles with panels, and then having to demolish these structures
after the excavation.
Total surface of the constructed wall was 15,337 m2 (165,000 ft2)
considering a secondary panel overlap on each side between 0.4 m
(1.3 ft) and 0.65 m (2.1 ft), always aiming to ensure the tightness of
the joints due to the curved nature of the shafts.
The new design enabled simultaneous excavation of all 5 shafts
and reduced construction time from the estimated 555 days to 380
days, thus meeting the new Line 5 schedule, creating a barrier to the
contamination and minimizing traffic disruptions. These achievements were reached without increase in costs for the client,
consequently meetings all the goals set out by the client.

Constructing the Panels
Brasfond was contracted to build the diaphragm wall, and the
designer chose the hydromill technology for two specific reasons.
One was to provide precise verticality control in the execution of
the diaphragm wall panels critical for the panel overlap, which
guaranteed the insertion of the reinforcement cage in the arrow
shaped mega panel. The other reason was that, given the
contamination in the area, increased quality of joints between
panels through overlap created at the time of excavation of the
secondary panel, mitigated seepage of surrounding groundwater
into the station and avoided contamination movement.
The construction sequence of the panels involved the
following steps (see page 14).
1) Construction of the guide wall
2) Excavation of the primary panels using a hydraulic grab
3) Inserting the reinforcement cage and
4) Concreting the panel

To address the challenges, Geodata designed a structural
diaphragm wall to provide peripheral containment for the station
and act as a seepage barrier wall. This new soil retaining solution
was proposed and accepted by the client, once it proved possible to
build at the same cost of the original solution. A 1 m (3.3 ft) thick
structural diaphragm wall was proposed, based on the use of a
hydromill, with no changes made in the final layout of either the
shafts or its architecture. The new solution avoided dewatering and
all its related risks. Moreover, the diaphragm wall was considered to
be a permanent structure, whereas the slurry wall and the shotcrete

5) Repeating the methodology above for the next primary panel
6) Drilling the secondary panel overlapping both primaries with
the use of the hydromill
7) Lowering the reinforcement cage and
8) Concreting the panel. This sequence was then repeated until all
primary panels and secondary panels were constructed. These
were all single bite panels for the periphery of the wall except
for the arrow shaped mega panel.
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Early installation of ACIP piles

Construction sequence

When Brasfond excavated the primary panels, a Bauer GB46
hydraulic rig was used together with a hydraulic grab, measuring
2.80 m (9.2 ft) by 1 m (3.3 ft), equipped with flaps to control
verticality during excavation. The Bauer BC40 Hydromill used for
excavation of the secondary panels measured 2.8 m (9.2 ft) by 1 m
(3.3 ft) mounted on a Bauer MC96 hydraulic crane.
Workers poured 90 m3 (3.178 ft3) of concrete in each panel.
Each reinforcement cage weighted 9 metric tons (19,840 lbs) and
was divided in three 10 m (39.3 ft) pre-assembled sections. When
inserting the cage in the primary panels, it was critical to centralize
the cage’s position in relation to the excavation so that when cutting
the secondary panels it would not overcut the reinforcement cage
from the primaries.

the secondary panels, the steel of the reinforcement was constantly
being cut from the primary panels. This issue was then resolved by
talking to the client and the designer, and the reinforcement cage
was then redesigned and reduced in size, eliminating this problem
in later panels.

The Arrow
Constructing the arrow was a challenge by itself. The amount of
concrete in the 4 panels was 430 m3 (15,185 ft3). The reinforcement
cage had to be built vertically with the support of scaffolding in
three 12 m (39.3 ft) sections due to its 3-D nature. Due to the
weight, 85 metric tons (187,400 lbs), and the length, 36 m (118 ft),
a 500-ton crane had to be rented, so the reinforcement cage could
be inserted inside the excavation.
Panel verticality in the construction of the arrow was of extreme
importance. Any deviation in the excavation of one of the panels
would have prevented the insertion of the reinforcement cage.
To install the reinforcement cage, the crane vertically hoisted
the first and second sections of the cage simultaneously. After the
first two sections were inserted in the excavation, the third section

Hydraulic grab

Due to the pioneering use of the cutter technology in curved
shafts for underground stations in Brazil, the JV, designer and
Brasfond realized, at the beginning of the secondary panel
construction, that the reinforcement cage was too big and
tolerances too tight in the primary panel. During the excavation of
14 • DEEP FOUNDATIONS • JAN/FEB 2014

Concreting of a panel

was hoisted and connected to the first two. Once all three sections
were lowered in the excavation, concreting began through four
tremie tubes.
Each arrow was built in seven days, with concreting operations
taking place during the weekends, so that traffic would not be
affected. After eight weeks, all the arrows were constructed and
shaft excavation could begin.

One of the three sections of the reinforcement

For each panel that was concreted, a quality control report was
issued, providing the respective dimensions, theoretical and real
concrete volumes, concrete raising volumes within the panel during
concreting, length, time and immersion of the tremie pipe. Samples
were also sent to the lab for testing to see if it met design criteria.
During the excavation of the five shafts, inclinometers were
installed to monitor any movement of the wall and settlements of
nearby buildings. This was to ensure the safe excavation of the
shafts. No major movements were detected and today the shafts
have been excavated to full depth.

Conclusions
View of the reinforcement in the shape of an arrow

Quality Control
During quality control checks, Brasfond was required to pay special
attention to the quality of the panel excavation, the quality of the
concrete and the monitoring of wall movement during excavation.
To ensure the verticality of the excavation, operators had realtime information from inclinometers and accelerometers located
on the body of the hydromill and hydraulic grab. The devices
provided information about deviations along both the X and Y axes
through an onboard computer (B Tronic), making it possible to
continuously correct the verticality during the excavation with the
use of the flaps. Verticality reports, together with other information
from other sensors, such as the torque, were provided to the client.

The success of this project was based on the interaction between the
Metro authority, the construction JV, the designer, and the
foundation contractor. This made it possible for the best possible
solution to reduce the construction time to meet the TBM
scheduled within the client’s budget.
Using the hydromill was critical. The innovative solution,
together with the latest technology available and a bold project
design, in conjunction with solid quality controls during the
execution, enabled the team to successfully overcome the
respective geological challenges, including the contamination. The
solution also mitigated the construction risks.
This article was prepared with the help of the Brasfond Engineering
and Technical Group. To watch a time lapse video of the
construction of an arrow panel, go to www.brasfond.com.
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