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Effects of geometrical stiffness on foundation settlement
by finite-strain finite element analysis
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DING Zhou-xiang"“, ZHU He-hua®, DING Wen-qi, JIANG Ming-jing
(1. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. Key Laboratory of Geotechnical and Underground Engineering of Education Ministry, Tongji University, Shanghai 200092, China)

Abstract: Based on the total Lagrangian description, the finite-strain finite element method (FEM) for foundation settlement is
formulated and investigated from the viewpoint of the effect of geometrical stiffness (EGS). The soil mechanics sign convention was
considered in the derivation of the FEM formulation. An illustrative example is used to study the EGS on the curve of load vs.
settlement, and to analyze comparatively the EGS on the finite-strain FEM based on constitutive relations using different stress rates.
The results indicate that: (1) the occurrence of EGS decreases the stiffness of the finite-strain FEM system for foundation settlement
problems; (2) the ignorance of EGS will underestimate the values of simulated results, esp. for the case of large deformation; (3) the
ultimate settlement predicted by finite-strain FEM based on the constitutive relation with Truesdell stress rate would be the same with
that by conventional small-strain method, etc. The EGS of finite-strain FEM for foundation settlement plays an important role in
accurate simulation, and should be treated appropriately. Any improper treatment of EGS would change the property of finite-strain
analysis results with higher stiffness.
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Table 1 Calculated and theoretical values of compression
modulus by small strain method
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Fig.4 Calculated curve of load-settlement based on finite-
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finite-strain methods based on different stress-rate
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