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Seismic Response Sensitivity Analysis of Soil-Structure Interaction Systems
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Abstract: Sensitivities of the FE response with respect to both model ( material or geometry) and loading
parameters represent an essential ingredient in studying the structures. This paper presents recent developments in FE
response sensitivity analysis based on the Direct Differentiation Method ( DDM) for displacement-based force-based
and threefield mixed finite elements with a focus on the extensions of the DDM to nonlinear material constitutive
models of structural or geotechnical systems. DDM based response sensitivity analysis methods are used to analyze a
real three dimensional nonlinear soil-structure interaction system under bi-directional seismic load to verify its
accuracy efficiency and applicability to engineering problems. The DDM has semi-analytieal solution and is
accurate effective and not disturbed by numerical noise it has latent engineering value.
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Fig. 1

1 N

Geometry soil material constitutive model and input earthquake ground motion for the benchmark SFSI system

2 A

Fig.2 Local moment-curvature response in the frame at point A

3 B
Fig.3 Local shear stress-strain response in the soil at point B
1 ( )
Table 1 Material properties of various layers of

soil column ( from top to bottom)

# G/kPa T e kP2
1 54 450 33 0.35
2 33 800 26 0.35
3 96 800 44 0.35

4 61 250 35 0.35
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Fig.4 Sensitivity of nodal displacement u,to low strain shear modulus G, of the first ( top) soil layer

5

Fig.5 Benchmark SFSI system
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