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Abstract: To explore the lateral deformation characteristics of prefabricated vertical drains (PVD)-improved soft
ground under different preloading loads and provide guidance for the design and construction of relevant

structures in soft deposit regions, this study analyzed the lateral deformation characteristics of PVD-improved
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ground under surcharge preloading and combined vacuum and surcharge preloading using large-scale model tests.
The influence of loading rate (LR), surcharge load (p,), and vacuum pressure magnitude (|p,|) on the lateral
deformation of PVD-improved ground under combined preloading was systematically studied using finite element
analyses. The results show that the preloading under combined vacuum and surcharge could match faster loading
rates and larger surcharge loads compared to surcharge preloading alone. In the subsequent consolidation stage
after reaching maximum surcharge load, there is aninsignificant increase in the outward lateral deformation of
PVD-improved ground under combined preloading; in contrast, the maximum outward lateral deformation of the
ground under surcharge preloading could still increase by 10%, and the lateral deformation of localization depths
could increase by over 30%. The lateral deformation profile of PVD-improved ground under combined preloading
overall moves outward with the increase of p, and LR, and the decrease of the |p,|; meanwhile the lateral
deformation rate and the depth of the maximum outward lateral deformation (J,,) increase. The outward lateral
deformation of PVD-improved presents step growth patterns during the surcharge loading process, and the J,,
increases approximately linearly with the increase of p,, but increases nonlinearly with the increase of LR and the
decrease of |p,|. With the same load change, the variation in |p,| has a more significant impact on the ground lateral
deformation compared to the variation in p,. This study can provide basic information for the analysis and design
of soft ground improvement under combined vacuum pressure and surcharge load.

Keywords: PVD-improved ground; vacuum combined surcharge preloading; lateral deformation; model test;

finite element analysis
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Table 3 Constitutive properties of model ground

S5 7/(KN'm™) yl K e K, M kJ/(m-d™) ky/(m-d ™) ki/(m-d ™) POP/kPa
BUH 15.47 0.252 3 0.050 5 1.875 0.558 1.41 2.35%10°° 3.53x10°° 1.41x107 3.5
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Fig. 9 Comparison of settlement and lateral deformation
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