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	1. One-page case history  instrumentation and monitoring
Example 23 (2009) - Pre-piling of foundations for offshore wind turbines
CATEGORY MAIN OBJECTIVE MAIN BENEFIT
Construction control Monitor pile driving and final elevation of pile top Reduced cost of construction
BACKGROUND AND DESCRIPTION OF PROJECT
The current world-wide interest in renewable energy has
resulted in an exponential grow in the number of planned and
installed wind farm for generating electrical energy offshore.
The European commission stipulates that almost 9000 Offshore
Wind Turbines (OWT’s) will be in operation by year 2020
which corresponds to an installation rate of 2.5 OWT’s pr day.
This has opened up another area where geotechnical
instrumentation can play an important role.
At present the majority of the foundations for offshore wind
parks consist of driven steel monopiles. However, as these
installations move into deeper water (typical 25-50m) the
bending stiffness of monopiles is not sufficient. Consequently,
jackets or tripod foundations are required. Some wind farm
projects may include
hundreds of OWT’s. Thus
there is a need to simplify
the installation process.
One way to do this is to
drive the piles in advance
using a seabed template
with pile guides, Figure 3.
The larger (and more
expensive) lifting vessels
are then only required to
deploy the jacket or tri-
pods directly on the pre-
piled foundations.
FACTORS THAT INFLUENCED THE DESIGN OF THE
MONITORING PROGRAM
The pre-piling method requires that the pile stick up is
monitored during pile driving and pile top elevation differences
must be measured with high precision after all piles in the group
are installed. These measurements will be crucial for leveling
of the structure supporting the wind turbine.
The under-water conditions are usually very bad at offshore wind
farm locations because of strong tides, poor visibility and
obviously a lot of wind generated ocean waves. A major challenge
is to establish a level horizontal reference for measurements in
those conditions. In addition, the size of the piles (usually with 2.5
to 3 m diameter) makes measurements with millimeter precision
demanding. Another challenge is to develop a monitoring system
which will survive in the vicinity of a pile driving hammer.
SCOPE OF INSTRUMENTATION
The development of pre-piling monitoring systems at NGI
started in 2009 and has been improved in different stages. The
initial systems required diver or ROV assistance in placement
and operation of the instruments. The system has subsequently
been integrated with the piling template and is operated
remotely from the surface without any subsea intervention.
Obviously the durability of the system has been improved at the
same time to eliminate the weak parts.
The key measurands are: Driven
depth and inclination of the piles
during driving, and final elevation
and inclination of the pile tops.
Fig. 2.Taut-wire based pile
driving monitoring system
Fig. 3. Seabed template fitted with a liquid level system to
monitor elevation difference of pile sleeves and caliper arms to
measure the pile stick-up.
MOST SIGNIFICANT INFORMATION DERIVED
The monitoring systems provide real-time data to control the
pile driving to the specified depth. The pile elevation
measurements and tilt angles are used to adapt the structure to
fit the as-installed piles with a precision better than 10 mm.
Spacers are commonly used to compensate for the differences
in pile top elevations.
The measured data is a key element for the pre-piling
installation method and has significantly reduced the costs for
both offshore operations and the OWT structures themselves.
REFERENCE: Not published
Fig. 1. Pre-piled jacket foundation
NGI.NO
ON SAFE GROUND
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