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Experimental study on cumulative deformation characteristics of soil
under long-term loading and unloading and calculation of settlement
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(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China;

2. Shanghai Urban Construction Municipal Engineering (Group) Co., Ltd., Shanghai 200065, China)

Abstract: The long-term loading and unloading of heavy containers can cause cumulative deformation of soil layers, which
has adverse effects on the operation and safety of yards and facilities such as adjacent automatic crane tracks. This paper
analyzed the deformation characteristics of the storage yard at Shanghai Yangshan Port caused by containers using loading
and unloading consolidation test in laboratory conditions. A long-term settlement prediction calculation formula based on
the initial loading strain was proposed by combining the stress area method. The results indicate that the cumulative
deformation of different types of soil under various magnitudes of loading and unloading follows a consistent development
pattern, which can be divided into three stages: rapid development, gradual increase and eventual stabilization. Furthermore,
a robust linear correlation exists between the long-term accumulated strain and the initial loading strain. Practical
suggestions are proposed for the operation of the automated container yard at Shanghai Yangshan Port by integrating the
current standards and predictions of settlement. The research findings can offer theoretical support and engineering
references for the design and construction of similar projects.
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Table 1 Physical properties of the soil
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Fig. 1 Stratigraphic profile of the site with distribution of
geostatic stress and additional stress under maximum
load
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Table 2 Conditions of one-dimensional consolidation test
under loading and unloading

A TS A 2% R TR

i po/kPa pm/kPa KN
OD-1-1 100 20.0 10
OD-1-2 100 40.0 15
OD-1-3 100 60.0 30
OD-2-1 180 20.0 30
OD-2-2 180 35.0 30
OD-2-3 180 50.0 30
OD-3-1 200 12.5 30
OD-3-2 200 25.0 30
OD-3-3 200 50.0 30
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Fig.2 Stress-strain curve under loading and unloading
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Fig. 3 Test results of sandy silt samples
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Fig. 4 Test results of mucky clay samples
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Fig. 5 Test results of clay samples
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Fig. 6 Relationship between elastic strain and the number of
loading and unloading cycles of sandy silt samples
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Fig. 7 Relationship between elastic strain and the number of
loading and unloading cycles of mucky clay samples
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Fig. 8 Relationship between elastic strain and the number of
loading and unloading cycles of clay samples
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Fig. 9 Relationship between accumulated strain and the number
of loading and unloading cycles of sandy silt samples
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Fig. 10 Relationship between accumulated strain and the number
of loading and unloading cycles of mucky clay samples
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Fig. 11 Relationship between accumulated strain and the number
of loading and unloading cycles of clay samples
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Table 3  Fitting results of the hyperbolic model
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Fig. 12 Relationship between hyperbolic model parameters

and initial loading strain of sandy silt samples
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Fig. 13 Relationship between hyperbolic model parameters
and initial loading strain of mucky clay samples
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Table 4  Fitting results between hyperbolic model parameters

and initial loading strain

LR PEER R?
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By
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Table 5 Long-term settlement calculated by stress area method
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