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Abstract: Vacuum preloading is a ground improvement technology for the drainage consolidation of soft soil.
This technology combines vacuum pumping and prefabricated vertical drains (PVD) to increase the effective
stress of the soft soil at different depth to reinforce the soft soil. However, some scholars believe that the vacuum
pressure gradually decreases with depth, thus vacuum preloading has a better reinforcing effect on the shallow
layers than on the deep layers, bringing controversy on the design and construction of vacuum preloading. In order
to settle this controversy, a comparative analysis is conducted on shallow and deep soil layers from three
perspectives: vacuum load distribution, ground settlement, and undrained shear strength. Combining theoretical
research and field data, it is proven that the additional load of vacuum preloading at different depths is equal, and
its reinforcement effect on soil layers at different depths is the same. In actual engineering, the reinforcement
quality evaluation indicators such as ground settlement and the increase ratio of undrained shear strength are larger

in shallow layer than in deep layer, but this does not mean that the reinforcement of vacuum preloading is better
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for shallow layer than for deep layer. The difference in the above reinforcement quality evaluation indicators is

due to the initial effective stress state of the soil itself, that is, the initial vertical effective stress of shallow soil is

lower than that of deep soil.

Keywords: vacuum preloading; different depths; prefabricated vertical drains; vacuum pressure decay;

reinforcement effect
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Fig.1 Complete vacuum preloading drainage path
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Fig.2 Horizontal (radial) consolidation from soil to PVD
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Fig.3 Vacuum pressure in PVD
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Fig. 4 Measurement results of vacuum gauge and pore

water pressure transducer at 3 m below the geomembrane
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at different depth before and after vacuum preloading
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Tab.1 Variation of excess pore water pressure at different
depth in B4 area of bulk cargo wharf
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Tab.2 Void ratio of soil layers at different depths before
and after vacuum preloading
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2.0 20 1.74 100 1.50 0.24
12.0 120 1.42 200 1.28 0.14
22.0 220 1.24 300 1.12 0.12
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Tab.3 Stress state of soil layers at different depths before
and after vacuum preloading
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