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Abstract:

effect of wind and wave action with various frequencies

The soil sample is subjected to a coupling
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during the operation of offshore wind turbines. A series of
tests were conducted to investigate the influence of the
frequency ratio between wind and wave loads on sand
using a multi-directional cyclic simple system (VDDCSS).
The effect of frequency ratio on the dynamic strain, pore
water pressure, and dynamic strength of sand was
analyzed. The test results show that the development of
shear strain is affected by the bidirectional frequency
coupling and the combination of x and y-direction stress
caused by the frequency ratio. At a Cg of 0.15, the
bidirectional frequency coupling effect is greater than the
stress combination effect. With the increase of the stress
level (at a Cg; of 0.20 or 0.25), both the frequency coupling
effect and the stress combination effect are strengthened.
At a low-stress level, the pore pressure curve of the failed
specimen is "upward concave" and the frequency ratio has
little effect on the pore pressure development of other
specimens. As the stress level increases (at a Cg; of 0.20 or
0.25) , the final value of pore pressure u,, increases with
increasing Cg. Except for the samples corresponding to a
f. of 1.00 and 10.00, the dynamic strength of others soil
samples decreases with the increase of f;and Cg;. At a f; of
5.00, the sample has a large strain, a high pore pressure
value, and a low dynamic strength, which is related to the
superposition effect of the two-way frequency coupling

and stress combination.

Keywords: cyclic simple shear; frequency ratio;

dynamic strain; pore water pressure; dynamic strength
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Tab.1 Physical properties of test samples

Dy, /mm G, Gy Cmax Cmin

0.22 4.17 2.66 2.09 1. 56
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Fig.5 Stress mode of soil sample
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Tab. 2 Condition of dynamic cyclic shear test

ETR= 7,/kPa t,/kPa  f/Hz [/Hz o,/kPa  Cg
Al 10.6 10. 6 0.01 0.10 100 0.15
A2 10.6 10.6 0.02 0.10 100 0.15
A3 10.6 10.6 0.04 0.10 100 0.15
A4 10. 6 10. 6 0.06 0.10 100 0.15
Ab 10. 6 10. 6 0.08 0.10 100 0.15
A6 10.6 10.6 0.10 0.10 100 0.15

Bl 14. 14 14. 14 0.01 0.10 100 0.20
B2 14.14 14.14 0.02  0.10 100 0.20
B3 14.14 14.14 0.04 0.10 100 0.20
B4 14. 14 14. 14 0.06 0.10 100 0.20
B5 14. 14 14. 14 0.08  0.10 100 0.20
B6 14.14 14.14 0.10  0.10 100 0.20
Cl 17.67 17.67 0.01 0.10 100 0.25
C2 17.67 17.67 0.02  0.10 100 0.25
C3 17.67 17.67 0.04  0.10 100 0.25
C4 17.67 17.67 0.06 0.10 100 0.25
C5 17.67 17.67 0.08  0.10 100 0.25
C6 17.67 17.67 0.10  0.10 100 0.25
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Fig. 7 Dynamic shear stress paths at different bi-directional shear frequencies
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Fig. 9 Bidirectional strain versus cycles at different cycle stress ratios
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Fig. 10 Total shear strain versus cycles at different cycle stress ratios
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Fig. 11 Pore water pressure versus cycles at different cycle stress ratios
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Fig. 12 Dynamic strength versus frequency ratio at

different cycle stress ratios
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