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Installation of suction caissons and formation of soil plug considering
variation of permeability of sand

WANG Yin, ZHU Xing-yun, YANG Qing
(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: During the installation of suction caissons, there exists the phenomenon of soil plug inside the anchor, which will
hinder the further penetration of the anchor. This phenomenon hinders the installation to reach the predetermined depth,
resulting in a great reduction in bearing capacity. In this study, a series of tests under 1g are carried out to analyze the formation
mechanism of soil plug. The negative pressure installation of an anchor model is conducted in sand, and the whole process is
recorded by a high-resolution camera. The pore pressure transducers are used to measure the internal and external pore
pressures. During the penetration, the fine sand particles move upwards and reach the top surface due to upward seepage flow
within the sand inside the anchor. With the increase of the penetration depth, the height of the soil plug increases progressively.
It is found that the soil plug is caused by the swelling of the soil inside the suction anchor, and the permeability coefficient
increases due to the swelling of the inside sand. The variation of the permeability coefficient in the process of penetration is
investigated, and it is used to improve the Houlsby & Byrne’s model. The modified model can accurately predict the suction in
the penetration process and provide a theoretical basis for the design and construction of suction caissons.
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Table 1 Basic properties of sand used in tests
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Fig. 1 Grain-size distribution curve of sand used in tests
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Table 2 Test conditions and properties of soils in parallel tests

s o rn

1% /(KN-m?)  /(°) () /kPa
R 1 80.0 9 30.54 25 101
R 2 82.2 9 31.13 25 101
5 3 81.9 9 31.02 25 101
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Fig. 2 Test arrangement
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Table 3 Dimensions of model suction anchor
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Fig. 3 Calibrated results of sensors
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Fig. 4 Conditions of soil plug before and after suction
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Fig. 5 Time evolution of pore pressure measured by the sensors
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Fig. 6 Variation of suction force with suction depth
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Fig. 7 Grain-size distribution inside suction anchor
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Fig. 8 Volumes of soil plug and bucket wall displacement
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Fig. 9 Variation of height of soil plug with penetration depth ratio
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Fig. 11 Schematic diagram of suction force of suction anchor

during penetration
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