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Critical geotechnjcal design load history?

Blades

Dynamic vibration

(Eigenmode)
B

Loads from wind, waves and dynamic motion of the

structure are (irregular) cyclic

Different in operation and idling condition

Needs to be considered in geotechnical design (DNV, 2016):
Cyclic foundation stiffnesses to be used in dynamic analyses
of the whole system
Maximum allowable displacements and rotations (ULS, SLS)
Accumulated displacements during the lifetime (SLS)
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Nr| Anidealized design storm composition obtained by rain flow counting




1,/5,2%=0.2, 1,/5,°%=0.4
7,/5,75=0.2, 1,/5,75=0.6
7,/5,°%=0.3, 7,/5,°%=0.6 ,

7,/5,°5=0.35, 1,/5,°%=0.6 —

7, /5,°%=04, 1,/5,°%=0.6 /

Average and cyclic shear stresses and resulting
shear strains change with time (load history)

Accumulation/of s'lgllains
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DSS and triaxial tests

v, =f(t,,7o N, )

cy ?
Ve, = f(1,,74, /N, )

u, =f(t,,t. N, a)

cy !

9 Interpolation between a (large) number of tests
9 Calibrate a suitable constitutive model
9 Make cyclic contour diagram

~ Tests with different combinations of
NI constant average and cyclic shear stresses




DSS and triaxial tests
Ya =f(t, .7, N, a)

Yoy = f1, 7, N, Q)

N=10

2871078 2714 = %Y

107/038 S76/058 - 4 ‘ McClelland Lecture

1.04/ 0.25

Cyclic test data

0.35/0.1 0.64/0.08
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Reference contour diagrams are presented in Andersen (2015)
How to scale these diagrams is described in Andersen et al. (2022)
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State parameter:
Effect of change in cyclic shear stress , IR TIE R te2

9 Accumulated pore pressure
Neg (1) + AN (including pore pressure
N [ dissipation)

\ 7 Cyclic degradation (reduced G




DSS
Ya = f(ra ’TCY lNeqw a'=0)
Yop = T(%5 ey ;Negw 0=0)

® From contour diagram: N=1
—rFitted by NGI-ADP: N=1

B From contour diagram: N=10
—Fitted by NGI-ADP
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Sum of cyclic and average components for max disp.




cyclic/average load ratio
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DSS and/or triaxial tests
V. =f(t, .7 N, a)

Yoy = flT,,7¢y N, o)
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1. Establish an idealized design load composition

2. Calculate N, from the global load composition at a selected stress mobilisation
3. Establish stress-strain relationships from cyclic tests for 7. /t, and N=N,,

4. Calibrate a suitable constitutive model to the actual curves (NGI-ADP)

5. Establish a 3D finite element model with sub-layers (or clusters)

6. Run a 3D FEA where the load composition is applied monotonically

7. Extract the cyclic soil reaction composition in each sub-layer/cluster (pcy/pf)

8. Calculate N=N,, for each sublayer/cluster

9. Continue from Step 3 until the results converge

Results:

Alt. 1 Displacements and rotations at maximum loads (< allowable values)
NC| Alt. 2 Accumulated displacements and rotations at end of a load history (< allowable)
Alt. 3 Non-linear cyclic foundation stiffnesses (structural motion)
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