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Numerical simulation of negative pressure penetration of suction anchor
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Abstract: As a new-type and efficient marine structure foundation form, the suction anchor is widely used in ocean engineering.
However, the traditional laboratory tests and the finite element numerical simulations have limitations in studying the
penetration of suction anchors in granular materials such as sand. The fluid-solid coupling method based on the discrete element
method and computational fluid dynamics theory (CFD-DEM) is used to numerically simulate the penetration of the suction
anchors in sand. The effectiveness and accuracy of the CFD-DEM fluid-solid coupling method are verified by comparing with
these of the laboratory suction penetration tests and the theoretical analysis of penetration resistance. The penetration
mechanism of the suction anchors in sand is explained from the mesoscopic scale of soil particles. The changes of soil plug and
sand layer inside the anchor during the penetration process are obtained, which shows that the sand layer presents a convex arc
distribution in the middle, indicating the compaction effects. The soil displacement and expansion caused by the compaction
effects are also part of the reasons for the soil heave. Simultaneously, the equipotential distribution of the excess pore water
pressure changes and the changes in the hydraulic gradient of the sand layer during the penetration process are simulated, which
confirms the "safety mechanism" of suction penetration in the sand. Finally, the change of negative pressure loss ratio is
compared with the results of Houlsby and Byrne's theoretical

model, and the variation law of permeability coefficient of soil
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Fig. 2 Grain-size distribution curves of sand
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boundary conditions
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phenomenon of cross-bedding

(3) LRI ZL

Kl 9 R T AEANIR BENTR BEAL B A N K R 703
ARk, T R IX K R SRAE I 2 K ) S AR
B, BMELREMEL. WNE Ol BEEHIA N5
S AH 2 T LA TP E S P D 40 DA T i 8 X3
YO IZ LB XK BB EROR s B BE A B i iy ¥ A it
X 37K e ) S5 2B M, JR) i A B K s B Bk
%, X 5 PEEDHEAT 0 R FUR DT ETE R
S5 R B MRS L I B R AT L) D I i
DX 3™ AL B RO R s, SRR R, KNz
DX AR R 7T, AT B A T BERE S

(a) 2D=0.23 (VIHRA) (b) z/D=0.36

(¢) 2D=0.5 (FHERAE)

(b) 2D=0.76
&9 FRIBRNRERNENSFEZSHE

Fig. 9 Distribution of pressure isopotential lines at different

penetration depths
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at bottom of bucket during penetration
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Fig. 11 Variation of hydraulic gradient of soil layers inside suction

bucket during penetration
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