

















Arbizelay’s bridge, 380 meters
long, 6 spans high, 5 pylons
and 12 meters wide is part of
the AP-1 Vitoria - San Sebastian
Motorway and is located near
the city of Mondragon. Thanks
to Leica GNSS technology, it
was possible to successfully
complete the manoeuvre of
incremental launching of the
bridge’s deck over the pylons
with an error of less than 3
centimetres.

Using 6 GX1230 GG receivers (5
rovers placed over the deck with
1 reference on a concrete pillar),
the whole deck structure can be
monitored in real time while the
manoeuvre takes place.

Communication between GNSS
receivers and Leica GNSS Spider
software was established using

Leica Geosystems TruStory
Real Time Bridge Deck Guidance
Using GNSS Systems (Spain)

406 Mhz Satel radios. Other types
of communications (GPRS, Wi-Fi)
were tested and finally discarded
due to frequency inhibitors and
poor GSM coverage.

Both bridge’s decks (one from
each side of the valley) were built
on site by pouring concrete over a
steel structure. Once the structure
was ready, it was pushed over

the pylons with the method of
incremental launching of the deck
with the help of hydraulic jacks
(incremental launching cycles were
3 meters). In addition to the jacks,
the hydraulic system relied on a
pair of cables that were able to
completely retain the bridge’s deck
in case of emergency.

An auxiliary pylon was built in the
centre of each deck with the task
of holding steel cables, which

Company
Dragados S.A. Spain

Challenge
Real Time monitoring and guiding of a
moving structure (motorway bridge)

Date
March 2008

Location

Project Summary
Instruments

6 Leica GX1230 GG Receivers
6 Leica AX1202 GG Antennas
Software

Leica GNSS Spider

Leica GeoMoS

Leica Alignment Monitoring
Communications

Radio, GPRS, UMTS, Wi-Fi

Benefits

- Real Time 3D Monitoring of the
structure

- Displacements Calculations compared
to 3D alignments

- Continous hydraulic pushing
manouvre thanks to the real time
monitoring and GeoMoS alarms

- Database storage of all measurements

- Instant and continuous operation
reports with Leica Alignment
Monitoring

- Easy Monitoring system configuration
and installation and User friendly
software



were responsible for both the rise
and fall of the deck’s nose (when
the manoeuvre takes place, the
nose slightly rises in order not to
hit the pylons in its path; when
completed, it lowers and rests on
the pylons).

The whole GNSS monitoring systems
was quickly and easily installed
three times on both bridges' decks.
Not only was the deck’s real time
position monitored, but the central
pylon's inclination as well.

The project’s control centre was
located in @ nearby hut where a
computer running Leica GNSS
Spider received the data from the
6 GNSS receivers and calculated
all 5 base-lines in real time. Real
Time position of each of the rover
GNSS receivers placed on the
structure were sent at 1 Hz via
TCP/IP to Leica GeoMoS and Leica
Alignment Monitoring software in
NMEA format.

Leica GeoMoS's task was to make
real time calculations of the central
pylon's attitude (in particular its
longitudinal and transversal
inclination) as well as triggering
different alarms if the project’s
tolerances were exceeded.
Inclination calculations are made

Monitores

Configurar Acercade

possible thanks to the new GeoMoS
"Virtual Sensor' functionality.
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With the Leica Alignment Monitoring
software, the positions, at 1 Hz,
of the 5 rover GNSS receivers was
compared with respect to the 5
theoretical trajectories of those
points.. All these measurements
were recorded on the MSQL
Database and displayed using
GeoMoS™ module 'Analyzer’, thus
obtaining the horizontal and verti-
cal displacements compared to the
theoretical design alignment.

Minimum quality 3D check values
were established, and differences
in chainage and horizontal/vertical
distances to the reference line
were continuously analysed.

All WGS84 coordinates were
transformed to the old Spanish
Geodetic Reference System (UTM
30N European Datum 1950) using
the proper 3D transformations
provided by the customer. It was
also possible to use the new
Country Specific Coordinate
System (CSCS) together with a
geoid model provided by the
Spanish Geographic Institute.

3 metre hydraulic pushing cycles
can clearly be observed when
seeing both horizontal and vertical
displacement graphics.
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As one of the busiest and most
crowded rapid transit system in the
world, MTR (Mass Transit Railway,
Hong Kong) operates high frequency
train services from early morning
until midnight. Due to the noise

of the trains, areas where trains
operate outdoors, like Tai Wai,
suffer significantly from noise
pollution. Serving as the busest
interchange station in New Territories,
connecting Ma On Shan Line to
East Rail Line, Tai Wai Station and
Depot are also one of the busiest
hubs for train operation. As resdents
move into the newly built residential
buildings above Tai Wai Depot,

the noise pollution problem is
expected to affect an increased
number of people.

In order to alleviate the noise
pollution problem, noise barriers

Leica Geosystems TruStory
Monitoring Rail Tracks during
Construction of Noise Barriers/HK

have been built along the tracks
since 2009. However, before any
works started, safety had to be
ensured. Since the barriers were
built very close to the existing
tracks, deformation due to digging
and various works for the con-
struction of the barriers might
have seriously affected the position
of the tracks and subsequently
train operation. Therefore, an
automatic deformation monitoring
system was implemented so that
relevant preventive actions could
be performed if an unpredicted
deformation was detected by the
real time monitoring system.

Monitoring System Setup

The monitoring systems consists
of six total stations TCA2003, two
computers, 23 reference prisms
and over hundreds of monitoring

B Location

B Objective

Deformation monitoring due
construction works close to existing
railway tracks

B Customer/Institution

MTR (Mass Transit Railway, Hong Kong)

B Date

2009 - ongoing

South Clnng Se8
-

B Project Summary

Instruments

Leica TCA2003 Total Station

Leica Geosystems Monitoring prisms
Software

Leica GeoMoS Monitor / Analyzer
Web viewer for displaying data and
reports

Communication

Cables

Uninterrupted Power Supley (UPS)

Challenge

- Real-time deformation monitoring
throughout the construction

- Maintenance of the prisms and total
stations in restricted MTR zones

Benefits

- Continuous and remote monitoring

- The safety of millions of MTR
passengers can be ensured round
the clock
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Control Center of the Monitoring System

prisms. The total stations were
sub-divided into two groups and
located in Zone 1 and 2 of the
construction site. Each location
for the total stations was selected
under various conditions, including
solid foundations, safe distance
from tracks and high-voltage
overhead lines, and a clear sight
to every monitoring and reference
prism.

The monitoring prisms were installed
at the upper and lower levels of
overhead line masts to check
tilting and also on the railway
sleepers. The reference prisms
were distributed around the total
stations so that each total station
could measure to approximately
six prisms and compute the
stability and orientation of the
total stations.

An uninterrupted power supply
(UPS) was provided to each total
station to ensure the system could
overcome any temporary power
shortage.

The total stations were connected
to two computers and the UPS in
the workstation via signal cables
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and power cables respectively.
The two computers were located
in @ workstation equipped with
Leica GeoMoS software which is
responsible for the control of the
sensors, collection and analysis
of data and the. In addition, both
computers were connected to a
web server via broadband internet,
so that users can access the
sys-tem remotely.

Leica TCA2003 Total Station can
achieve an accuracy of £ 0.5"

in angle and 1 mm £ 1 ppm in
distance. To achieve good visibility
for the total stations, clean and
not fogged prims in the correct
position with a constant light con-
dition with a dark background and
no atmospheric disturbance were
needed.

Data Acquisition

The operation of the automatic
deformation monitoring systems
started two weeks before the
construction works commenced as
so-called reference or null epoch
data had to be collected. Throughout
the construction, the deformation

monitoring measurements were
taken continuously in automatic
two-hour cycles using the Leica
GeoMoS software. All monitoring
results were uploaded to the
Internet for instant browsing

and were closely monitored by
surveyors. Any deviated data
would immediately be investigated
by surveyors to check the accuracy.

Messaging System

One of the main purposes of setting
up an automatic deformation
monitoring system was to inform
the responsible staff of a situation
when irregularities occurred in the
construction site. After the monitoring
positions of the optical prisms are
measured, they are compared with
the set limit levels. If any monitoring
data reached or exceeded one of
the three limit levels, the messaging
system would immediately be
activated. The designated personnel
of MTR and the Contractor would
be notified by e-mail. The surveyors
in charge would then investigate
the reasons behind the notification
and confirm whether the message
was due to faulty equipment, human
error or construction activities.
Additional respective measures
may be taken according to the
severity of the message, ranging
from increasing the monitoring
frequency to immediate cessation
of all foundation and excavation
works.

Reporting

All monitoring data was displayed
in graphs showing and every 24
hours a report was generated.

Maintaining Stability
Notwithstanding the high precision
of the surveying instruments and
careful planning, every component
in the system must perform



sturdily to provide reliable data.
However, maintaining the stability
of such a complex system is never
an easy task. First and foremost,
maintenance of the equipment
was carried out annually and wear
outs and damages were fixed
during this maintenance period.
Since most of the instruments
were installed along the tracks
and masts, which belong to the
restricted zone, working group
meetings with MTRC were arranged
to discuss the permitted working
hours and site possession. Other
than hardware maintenance,
calibration of instruments was
another important element to
maintain stability. The system was
tested prior to installation of the
instruments to ensure that they
were working and configured
properly. From time to time,
during the course of monitoring,
the positions of the back sight
prisms on the total station masts
and the selected monitoring target
prisms were checked by manual
survey to verify that the automatic
measurements had been made
correctly, as the prisms might have
been displaced either acciden-
tally or naturally. The automatic
measurements could be corrected
using data from manual system
checks when necessary. At the
same time, all optical prisms were
regularly cleaned and checked

for stability, orientation and firm
attachments. In cases of obstruction
to the sight line of the total stations,
prisms were relocated to other
stable locations. They would also
be re-installed if they were found
loose. Moreover, not only would

Leica Geosystems AG
Heinrich-Wild-Strasse
CH-9435 Heerbrugg
Switzerland

Phone +41 71 727 31 31

www.leica-geosystems.com

the instruments be examined for
damage or defects on regular
basis, but surveyors also assessed
the system for any possible future
damage caused by other construc-
tion activities or improvement
works carried out by MTRC.

Advantages

Continuous Measurements: The
most important reason of imple-
menting an automated system was
its non-stop measurements taking.
In the past, when measurements
were taken by manual survey, data
collected could be fragmented as
it was impossible for surveyors to
work all day resulting in incomplete
analysis and the process was not
cost-effective. With the automatic
deformation monitoring system,
comprehensive reports could be
generated solely by computers
and an efficient messaging system
enables deformation to be
detected at all times.

Remote Monitoring: A considerably
short period of time available for
track possession was another
significant constraint for works

in an operational railway system.
With surveyors monitoring the
system anywhere via the Internet,
the system could be operated
without interfering with train
services. Surveyors and other staff
did not have to travel to the site
to check for any irregularities and
reports could be seen in just a few
clicks.

User-Friendliness: To increase the
efficiency of the system, a user-
friendly web interface was used to

display the monitoring results to
the customer.

High Precision: As surveying has
always been renowned for its high
accuracy, surveyors strived to
produce measurements as accurate
as possible. However, human
measurements can never be as
accurate as those of machines,
especially in a dark environment.
To provide a highly precise moni-
tor-ing system, the automatic
deformation monitoring system
minimizes the use of human
labour with the replacement of
newly developed total stations,
which ensures extremely reliable
measurements.

Conclusion

The success of the monitoring
system has shown that safety can
be ensured with the help of ad-
vanced technology, especially for
works carried out in a train system
which carries millions of passengers
every day. Such a flexible yet
efficient system has demonstrated
that safety can be maintained
round the clock and does not
necessarily come with interference
to our daily lives.
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The new Bridge in the Bay of
Cadiz, known as “Puente de la
Pepa" (1812 Spanish Constitution),
was the highest bridge in
Europe in 2010. Its 3.1 km
length, 180 metres height and
540 metres span makes it a
true surveying challenge.

Using a Leica GX1230 GG receiver
as a reference (GPS and GLONASS)
connected to the control centre at
Dragado’s offices, which in turn was
connected to Leica Spider Software,
differential corrections were sent
to 2 GMX902 GG (small and full
performance GNSS receivers).
GNSS Antennas were the reference
points for which navigation and
stakeout tasks were referred to. A
crane on the barge with a vibrator
head places and drives the steel
casing. Leica Spider software receives
the signal from the 2 rovers by GPRS,
computes the baseline and sends
the position to Leica Alignment
Monitoring. Coordinates are displayed
at 1 Hz with 10-15 mm 3D standard

Leica Geosystems AG
Heinrich-Wild-Strasse
CH-9435 Heerbrugg
Switzerland

Phone +41 71 727 31 31

www.leica-geosystems.com

Leica Geosystems TruStory
GNSS Guide System for Pile
Embedding Port of Cadiz (Spain)

deviation. This software stores the
points to stakeout, tolerances and
Coordinate Systems. It is also
possible to control the software
using a laptop computer on-board
the barge.

Firstly, the platform is roughly
positioned close to the final pile
position. Later it is anchored and
its position is fixed to the seafloor
using 2 hydraulic jacks, allowing
for precision positioning. Leica
Alignment Monitoring software is
able to store a detailed report
of the positioning and stakeout
process (1 Hz) in addition to the
logging (txt file) of the instant
position.

Once the pile’s embedding phase
comes to an end, the monitoring
system can be used in other
construction tasks: drawers
guidance (as part of the pylon's
footings), and final structural bridge
monitoring when finished. For these
tasks Leica Spider will run together
with Leica GeoMoS, controlling
possible displacements, registering
data and displaying graphics.

Company
Dragados S.A. Spain

Challenge

GNSS Real Time Guidance of the barge
for embedding piles for the construc-
tion of the bridge in the Bay of Cadiz
(Puente de la Pepa).

Date
August 2008

Location

Project Summary
Instruments

2 Leica GMX902 GG Receivers
1 Leica GX1230 GG Receiver
3 Leica AX1202GG Antennas
Software

Leica GNSS Spider

Leica Alignment Monitoring
Communications

GPRS

Benefits

- Rover GNSS receivers on portable
installation

- GPRS communication between the
Monitoring Control Centre and the
Support Computer.

- Reference GX1230 GG also
transmitting via Radio to the
GX1230 GG rovers.

- GX1230 GG very versatile; reference,
rover, machine guide, surveying...

- User friendly and intuitive Software.
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Whether you monitor the movement of a volcanic slope, the structure of a
long bridge or track the settlement of a dam; whether you measure, analyse
and manage the structures of natural or man-made objects: the monitoring
systems by Leica Geosystems provide you with the right solution for every
application.

Our solutions provide reliable, precise data acquisition, advanced
processing, sophisticated analysis and secure data transmission. Using
standard interfaces, open architectures and scaleable platforms, the
solutions are customizable to meet individual requirements - for permanent
and temporary installations, for single sites and monitoring networks.

When it has to be right.
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