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• Monopiles supporting offshore wind turbines (OWTs) are exposed to cyclic lateral loading which continually 

varies in amplitude, direction and frequency

• Design for cyclic loading is increasingly important as OWTs increase in size and conservatism in Ultimate 

Limit State (ULS) design reduces

• Established design methods do not properly capture the monopile response to cyclic lateral loading

 Physical modelling explores monopile response to complex cyclic loading to inform development of 

design methods for next generation of monopiles

• Hyperplastic Accelerated Ratcheting Model (HARM) is a flexible kinematic hardening model with 

additional ratcheting element, formulated in hyperplasticity framework 

• Model predicts continuous stress-strain response, ratcheting and changes in stiffness

• 2-direction macro model implemented and developed to capture salient features of monopile 

response at 1g and ng

 HARM prediction for an example storm loading shown right

Key reference: Houlsby, G.T. et al., 2017. A model for nonlinear hysteretic and ratcheting behaviour. International Journal of Solids and Structures, 120.
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• Complementary test campaign at University of Western Australia (UWA)
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• 1g laboratory apparatus applies multi-

amplitude and multidirectional cyclic loading 

to model monopile

• Pile diameter 80 𝑚𝑚, embedded length 

320 𝑚𝑚, load eccentricity 800 𝑚𝑚

• Tests in very loose (𝐷𝑅 = 1%) and dense 

(𝐷𝑅 = 60%), dry Yellow Leighton Buzzard 

sand

Constant amplitude, unidirectional tests

at various load amplitudes

Ratcheting, stiffening and change in 

dissipation observed with repeated 

cyclic loading

Understanding basic cyclic response,  

model calibration

Multidirectional tests explore 

impact of cyclic load and mean 

load misalignment

Informs multidirectional modelling

Storm loading tests, with loading 

derived from wave tank tests
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• Impact of stress-level explored 

with identical set-up at three 

(ng) acceleration levels

• Highest stress-level simulated 

5.7m diameter pile

 Qualitatively similar 

response, but reduction in 

ratcheting and stiffening rate 

with increasing stress-level
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