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1. Introduction and Motivation

Hybrid Tower Bremerhaven Nearshore Foundation Emden
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1. Introduction and Motivation
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2. Design Code for Concrete

Linear accumulation:
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Cumulative damage law by Palmgren and Miner
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3. Fatigue Damage Models for Concrete

Strain evolution under constant fatigue loading
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Energetic fatigue damage model by Pfanner

Assumption:

The mechanical work, which have to be applied to obtain a certain
damage state in the fatigue process, is equal to the mechnical work
under monotonic loading to obtain the same damage state.

( ) ( )= σda fat fatW D W D, ,N!

( )= = − ⋅da fat
c c cE E 1 D E

3.1 Uniaxial Fatigue Damage Model
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3.1 Uniaxial Fatigue Damage Model

Damage evolution under constant fatigue loading 
computed by a user – subroutine of ABAQUS
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Extended approach for multi - stage fatigue loading

Assumption for a two – stage fatigue process:
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3.1 Uniaxial Fatigue Damage Model
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Nearshore – Gravity Foundation

3.2 Multiaxial Fatigue Damage Model

Design: 
G + S Planungsgesellschaft mbH
Hamburg, www.gus-ing.de
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Offshore – Framework Foundation „HEXAFIX“

Framework Joint

3.2 Multiaxial Fatigue Damage Model

Design: 
Oevermann GmbH & Co. KG, Münster
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Failure curves for fatigue in biaxial compression
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Anisotropic damage approach 
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Boundary curves of fatigue damage in the
main meridian section
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5. Summary and Further Work

The simplified damage accumulation law by Palmgreen and 
Miner could lead to  unsafe or uneconomical constructions

Purpose: Development of damage parameters to consider the
influence of multiaxial fatigue loading in structural analyses

The introduced damage model could be successfully associated 
with a finite - element program 

A new fatigue damage approach, based on regarding fracture 
engery, could  realistically compute the damage evolution in 
concrete and could be extended for multi-stage fatigue loading 
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In - situ measurements
at a concrete tower
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transfer joints

Fatigue tests of 
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