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Using wind turbine support structure inspection and monitoring 
to inform asset life extension and repowering decisions
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1GW
We are technical advisor to the 
lenders on Fosen, the world’s largest 
onshore wind farm at 1GW

2400+
We conduct over 2,400 wind 
inspections each year

No. 1
Our BLADED tool is the world’s best-
selling design tool for wind turbines

1st

We conducted the world’s first 
hardware-in-the-loop testing for an 
entire wind farm

65GW
We have analysed over 65GW of 
operational wind projects

90%
90% of certified offshore wind farm 
projects utilized our project 
certification

*Our testing, certification and advisory services are independent from each other
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The challenge: aging assets
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How long can I 

operate my wind 

farm for? 

Can I extend 

the life?

Is that 

normal?!

+ = ?
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A possible solution: inspection and structural health monitoring

Inspection Monitoring
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▪ Visual or other methodology that results in a 

quantitative, qualitative or quasi-qualitative 

assessment of accessible parts of support structure

▪ Typically unable to provide useful information about 

“invisible” damage

▪ Measurement, modelling and analysis of data which 

results in a quantitative measurement of a particular 

characteristic

▪ Careful design, execution, and analysis provides 

insight into that which cannot be seen visually
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What structural health monitoring cannot do

▪ Monitoring cannot detect abrupt failure modes

▪ Monitoring is unlikely to capture unexpected 

failures 

▪ Monitoring alone does not change the risk

▪ Monitoring for a short period of time does not 

usually provide useful information
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Foundation overloaded in Typhoon Maemi
Source: Ishihara, I., et al, "An analysis of damaged wind 
turbine by typhoon Maemi in 2003," The Sixth Asia-Pacific 
Conference on Wind Engineering, Seoul, Korea, 2005



DNV GL © 21 March 2019

Should structural health monitoring be performed?

▪ Short answer is yes! Some basic monitoring is 

recommended from Day 0.

▪ More detailed monitoring is recommended if the 

answer to any of the following questions is yes:

– Does the foundation not comply with currently 

accepted design practice for the expected life?

– Do you have “indicators” of problems, such as 

excessive cracking or movement?

– Do you plan to extend the life beyond the original 

design life?

– Are you risk averse?

– Do you want to expand understanding and enable 

optimization?
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Example of Some Acceleration Data available at 
https://www.designsafe-

ci.org/data/browser/public/nees.public/NEES-2008-0661.groups

https://www.designsafe-ci.org/data/browser/public/nees.public/NEES-2008-0661.groups
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The next step: working toward prognostics

▪ Limits for validity of design actions:

– Stiffness: specified in foundation documentation provided by the OEM

– Frequency: 

– Soft: From OEM based on loads analysis 

– Hard: Derived from rotor frequency plus margin to avoid resonance

▪ Structural capacity: 

– Link change in health metric to deficiencies in structural capacity

– Assessment needs to consider the impact of fatigue damage on ULS capacity

▪ Rate of change:

– Forecast based on current observation; check results against predictions

– Use rate of change over time; degradation and particularly an increase in rate of degradation is a red flag

▪ Outlier detection:

– Use quantitative measurements on all foundations at a wind farm to identify if any are performing atypically 
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What structural health monitoring can do: a case study
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1.6 Various turbines showed
initial degradation

Stiffness varied with 
season, but eventually 
showed long term “stability” 
for most turbines

Turbine 4 showed 
continued 
degradation

Years

Reference: Prowell et al., AWEA 

2018, Poster ID 1602 Foundation 

Inspection and Monitoring
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Conclusions

1. Answering the question “how long can I operate my wind farm for?” is tricky; but without data 

on the structural health it’s almost impossible.

2. Inspection and monitoring provide useful information about the health of the support structure, 

particularly when long term whole of fleet data is available.

3. It’s important that the structural health monitoring campaign is well designed and the analysis 

process is rigorous to ensure that the information can be relied upon
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Recommendations

1. Inspect and monitor your wind turbine support structures from Day 0; quantify, quantify, quantify!

2. Understand that this is an evolving field

3. Utilize resources which already exist from within and outside the wind industry which provide advice on   

developing a structural health inspection and monitoring program including:

a. DNVGL-ST-0126 Support structures for wind turbines

b. DNVGL-ST-C502 Offshore concrete structures

c. Papers including C. R. Farrar and K. Worden, "An introduction to structural health monitoring," 

Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, vol. 

365, no. 1851, 12 December 2006. 

4. Continue to improve inspection and monitoring approaches; focus on collecting high quality and 

appropriate data and link it to what we know about the design

5. Work towards prognostics; continue to develop and improve our understanding of these structures
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Thank you
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