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Knowledge of Design Conditions

e |ntraditional wind turbine IEC 61400-1 Ed. 3
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Standard Conditions are Intended to Envelop Actual Conditions

Class la

Class lla

Class llla

Maximum Effective Load
from' Applied Condition

Various Site Conditions

partment of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



Site Suitability Assessment Defines Actual Conditions

Class la

Class lla

Class llla

Maximum Effective Load
from Applied Condition

Various Site Conditions
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One Site Condition May Exceed the Class Definition

Class la

Class lla

Class llla

Maximum Effective Load
from Applied Condition

Various Site Conditions
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Knowledge of Design Conditions

Site-specific design conditions
o Geotechnical conditions
o Combination of wind and wave
o Storm frequency and intensity

As you move along the U.S. East
Coast, the severity and frequency of
storms varies continuously, as do soil
conditions

Traditional offshore foundation
design often goes straight to the site
conditions
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1. U5, Offshore Extreme Wind Analysis (Susan W. Stewart, Penn State Applied Research Laboratory)

The gap between how turbines are

Class I Il 1l T S

designed and how foundations are
designed will need to be narrowed
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Much depends on the size of the
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Convert a Design Environment.into.Demand

eCoupled aero-hydro-servo-
elastic interaction
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[llustration by Al Hicks, NREL
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Modeling Gaps ldentifi

e BOEM held a workshop
in April to ask a similar
guestion about
capabilities and gaps.

e Thereis areport

summarizing the

outcomes. Offshore Wind Design Tools in
the United States

A State of Practice Report

July 2016

Prepared by Keams & West on behalf of BOEM and NREL

Reference: Deapwstcr Wind
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Design has Desired Structural Reliability

e The turbine design standard (IEC 61400-1) draws a
target reliability of 5x10 failures per year

o Safety factors throughout the standard are calibrated

to achieve the target reliability

— [K6] John Dalsgaard Sgrensen and Henrik Stensgaard Toft, Safety Factors — IEC 61400-1 ed. 4 -
background document DTU Wind Energy-E-Report-0066(EN) (ISBN 978-87-93278-08-0)
November 2014.

A target value for the nominal failure probability for structural design for extreme and fatigue
failure modes for a reference period of 1 year is

_ —4
The corresponding target value for the reliability index is /i’f = 3,3. Application of this target value

assumes that the risk of human lives is negligible in case of failure of a structural element,
see [KB]. The target reliability level is assumed to correspond to component class 2.

IEC 61400-1, Edition 4, Draft CDV
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Check Against Desired Structural Reliability

e Design load cases are defined
e Characteristic loads are defined (return period)

e Appropriate safety factors are applied
e Resultisintended to meet a target reliability

Characteristic Characteristic Design
Median Load, L Resistance, R Condition
> T Load Median
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Design conditions ensure a very small probability that loads will exceed resistance
Illustration by Al Hicks, NREL
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Agreement on a target reliability.is.a.significant gap

 There has never been an economic analysis that
establishes the trade-off between the high capital cost of
low probability of failure and the cost of failure

 Thereis also a noneconomic factor in the consequences
of an early failure on industry reputation
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Failure Cost Increases;
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§ oy — 500yr.
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o ~ Minimal Cost
2 05 — ................................................... ................................................... ___________________________________________________
0.0 . . . .
0.0 0.5 1.0 1.5 2.0
Normalized Load Illustration by Al Hicks, NREL
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