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CLOCKWISE FROM LEFT:

The new conceptual downtown
skyline with the One World Trade
Center at left and the September
11 memorial in foreground
—courtesy dbox, Silverstein Properties, Inc.

Conceptual site plan showing
the World Trade Center site
redevelopment—courtesy foster &
Partners, Silverstein Properties, Inc.

Perry Pettinato of Garden

State Engineering Surveying

& Planning is one of dozens of
surveyors working on the World /7

Trade Center project.
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An innovative survey system is at the core of reconstruction in New York City.

By James Fleming, LS

n lower Manhattan, adjacent to the site of the original World Trade Center North Tower, the steel frame-
work of the new One World Trade Center now rises more than 20 stories above the intersection of West
and Vesey Streets. When ready for occupancy in 2013, the building, planned to tower a symbolic 1,776
feet above the site of the September 11 attacks, will rede&
the iconic New York City skyline as the centerpiece of the area
redevelopment.
Designed by architect David Childs of Skidmore, Owings & Mer-
rill, LLP, One World Trade Center when completed will consist of a
60-foot-high public lobby, 2.6 million square feet of office space on 69 |
office floors, an observation deck 1,265 feet above ground, and a glass 1
parapet that marks 1,362 feet and 1,368 feet, the heights of the origi- | ‘
nal Twin Towers. '
When the workers from DCM Erectors, Inc. prepare to set columns
for the next floor, a unique system is being used for the first time in the
United States. The Leica Geosystems’ Core Wall Survey Control Sys-
tem was initially developed for the construction of the Burj Khalifa™
skyscraper in Dubai, United Arab Emirates (at 2,717 feet, it’s the talle
man-made structure ever built) by Joel van Cranenbroeck, busine;
development director at Leica Geosystems, and Douglas Hayes, chief
surveyor of the Burj Dubai Tower. It was used subsequently during the
construction of the Al Hamra Tower in Kuwait City and The Landmark y
Tower in Abu Dhabi, United Arab Emirates. '
High-rise buildings are subject to tilting, caused by enmronmental g
factors such as wind pressure and the thermal effects caused by ex-
posure to sunlight. In addition, during construction factors such as
crane loads will cause the building to move from the theoretical ver-
tical axis, and subsequent resonance will cause it to oscillate about
this offset position. This movement of the structure creates several
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problems for correct set out of control;
at any given time the surveyor needs to
know exactly how much the building is
offset from its design position to deter-
mine the precise position at his or her
instrument setup.

The Core Wall System uses a network
of conventional on-site GPS observa-
tions, remote reference stations, and
precision inclinometers. Surveyors are,
for the first time, generating reliable co-
ordinates for construction layout where
they are needed—at the top of the steel
superstructure—rather than having to
repeatedly transfer them from control
on the ground.

Prior to the start of the project, DCM
invited Leica to demonstrate their field-
Pro stakeout software, which performs
construction stakeout directly from CAD
files for use in the assembly of the intri-
cate steel parts of the project. It was at
this meeting that Larry Davis, president
of DCV, first inquired about the system
in place at the Dubai project and its pos-
sible use to ensure that the One World
Trade Center tower was plumb during
construction.

Over the next four or five months a
series of meetings were held among Lei-
ca, DCM, the Port Authority of New York
& New Jersey (the owner of the World
Trade Center site, formerly a terminal of
the Hudson and Manhattan Railroad),
Tishman Construction (the construction
manager for the project), and others.
Gerard Lamarre, product/project man-
ager, and Gerard Manley, vice president
of engineer solutions for Leica Geosys-

LEFT TO RIGHT:

Using equipment from different
manufacturers makes keeping
track of prism constants on the
permanently mounted control
difficult. Pictured is Tim Ptak,
Layout Inc. (foreground) and
Shaun McQuilken, Hirani
Engineering & Land Surveying.

Contruction is complicated
by the fact that there is a
fully operating PATH rail
station in the middle of
the site.
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tems, began work on the DCM account
in February 2009, and all the agreements
were signed in September 2009. Since
then they've been supplying the hard-
ware, software, and training. “We have
to pay our respects to DCM because

- o ‘
—

they were willing to push the envelope
and try something new, as we have to
pay our respects to the Port Authority. It
took both of these guys to make it hap-
pen,” says Lamarre.

Establishing Ground Control

The first step in the process is the es-
tablishment of a network of ground con-
trol around the site. Surveyors, under
the direction of Scott Zelenak, the chief
of parties World Trade Center construc-
tion for the Port Authority, set a series
of control stations at every intersection
in the project area. In addition, the Port
Authority surveyors mounted prisms on
adjacent buildings that can be sighted
directly from inside the project’s perim-
eter fencing. Only one adjacent building
owner who was approached refused to
allow the prisms to be mounted on his
property. “It’s surprising,” said Zelenak,
“when you show up with a handful of
guys, drills, extension cords, etc. and say
‘We're from the Port Authority and need
to get out on your roof’ how many peo-
ple just say okay.”



Each of the individual construction
projects on the 18-acre site, including
IWTC, has its own project datum based
on the building control lines. These all
have a different correlation to the overall
site datum, the New York State Plane Co-
ordinate System, Long Island Zone. With
multiple companies providing survey-
ing on the site, the Port Authority sur-
veyors at times have to play the role of
“datum cop.”

The GNSS component of the system
is twofold: “active GPS,” which is Leica’s
terminology for the receivers placed on
the actual building under construction,
and Continuously Operating Reference
Stations (CORS) located off site. A min-
imum of three active GPS antennas are
set on the top deck of the structure. Each
of the antennas has a 360° prism mount-
ed below it, and the antennae height
is corrected to the center of the prism.
All the satellite information is fed into

onsite computers using Leica GNSS
Spider, a software suite designed for op-
erating and controlling single reference
stations or networks of stations.

“We're using feed from one CORS
station along with the two reference
stations installed on Port Authority
property, so there is a live feed coming
into the spider software system over the
internet,” said Lamarre. “Instead of get-
ting RTK regular broadcast corrections,
we get the raw data so that the onsite
computers can reconstruct the RINEX
files. And then the three receivers on the
top feed their position by modem to the
same system. So we have six data feeds,
three essentially CORS and three onsite
active control points, and every hour the
Spider software reports the positions.
We have an hourly fix and a 24-hour fix
that publish coordinates. So when the
surveyor at the top logs into the com-
puter he sees the latest position. It’s not

RTK. Spider creates all the RINEX files,
and every hour we post-process, and
that's how we get a good coordinate we
can use for plumbing steel. The steel re-
quires between 1/16 and 1/8 of an inch
tolerances, and with the GPS after one
hour of observations were within that
range.”

Solving Unique Problems

Even though the site is surprising-
ly open, there are unique problems in-
volved in using a GNSS system in an
urban environment. Prior to the start of
construction, obstruction surveys were
performed to map the adjoining build-
ings and other obstructions that may
interfere with the line-of-sight satellite
signals. This information is used during
processing to explain signal losses and
multipath.

Lamarre explains, “We added to
the system obstruction survey plan-

ning so the guys know the time of day they can rely on
the positions, and we added some QA/QC information so
when they log into the system they see they have a good fix
and I can use the coordinates. Sometimes at the lower el-
evations they can’t use the coordinates from the GPS, but
as we start going up the problem of multipath will disap-
pear.” When the building is still at its lower levels, the GNSS
component can be augmented by using traditional resec-
tion, using the control established by the Port Authority.

As the building rises and the external tilt effects come into
play, precise inclinometers are installed on the building core
wall (the inner concrete wall that remains constant while the
exterior face of the building varies based on the design). The
Core Wall Survey System uses Leica Nivel200 Series dual-axis
inclinometers to measure the displacement of the tower align-
ment from vertical. The inclinometers, that can measure ab-
solute tilt to +/-0.2” arc, are installed approximately every 20
floors up the tower as construction proceeds. The inclinom-
eters are installed and leveled during a period when external
stresses to the building are at a minimum to ensure that the
initial position is aligned to the gravity vertical. With the incli-
nometers’ measurements integrated into the system, the sur-
veyor is able to continue to set control, even when the building
has moved “off center,” and can remain confident that he or
she will construct a straight structure.

Computation of the surveyor’s position for layout is carried
out as a resection. The Spider software transforms the WGS84
antenna coordinates first into the site datum then into the in-
dividual buildings coordinate system, adjusted for tilt. The ac-
curacy benefits of the Core Wall Survey System are obvious, but
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Prior to the installation of
the GPS system, Bobby
Himble of DCM Erectors
transfers control by
traditional methods.
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as Lamarre explained, one of the most
important benefits is the time savings.
“Without the GPS you have to imagine
that today they would be sitting at the
bottom of this building trying to square
up a line, while that building moves. The
tradition method would be to transfer
the locations from the ground on all four
sides and box it—try and do a best fit.
The minimum time to try to do it the tra-
ditional way is three to five hours, some-
times more by the time you go down to
the ground and back up. With the GPS,
every hour you have a good position.”

In the end, any technological sys-
tem is only as good as the people who
use it. And at the One World Trade Cen-
ter site, the surveyors using the Core
Wall Survey System are more than up to
the task. Says Lamarre, “The ironwork-
er surveyors are very good at what they
do. They're very thorough surveyors, be-
cause the steel has to be right, but work-

ing with GPS was something they had
never done. They usually work on lines
and offset lines; now they have to work
with resection, but they learned really
fast. These guys are very accurate; 0.01
of a foot is not good for them—they like
to have 0.005 of a foot. The steel will con-
tract and expand with the weather, and
they all know this—they have an inti-
mate knowledge. There’s about ten sur-
veyors doing the work on the top, and
they're the cream of the crop. It’s very
nice to be able to work with such good
surveyors.”

One World Trade Center is just the
first in a number of projects that are
now simultaneously under construc-
tion on the site. The steel is already up
for Tower 4, with two more high-rise
buildings to follow. The “Transporta-
tion Hub” is planned to be compara-
ble in size to Grand Central Station and
will serve more than 200,000 daily com-
muters, along with millions of annual
visitors, connecting the Port Authority

Trans-Hudson (PATH) rapid transit sys-
tem that links New York with New Jersey
to the New York City subway system.

At the heart of the reconstruction lies
the National September 11 Memorial
and Museum. Built to encompass the
footprints of the original Twin Towers, it
will be both a public space for contem-
plation and remembrance with a mu-
seum to teach future generations about
the events of both February 26, 1993 and
September 11, 2001.

At the center of this beehive of activi-
ty, some of the best construction survey-
ors in the world are using some of the
most modern surveying equipment and
software developed to rebuild the site of
one of the worst days in recent Ameri-
can history, which, as often happens,
brought out the best in all of us. ¥

James FLemine, LS, is editor of this
magazine.
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