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Motivation

•Soil-structure interaction (SSI) is coupling of structural 
and soil responses

•SSI can be modeled using techniques ranging from 
simple (e.g., “springs” attached to the base of 
structural elements) to complex (e.g., 3D nonlinear 
effective stress analysis combining soil and structural 
elements).

•However, it is very often ignored. Why?
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Motivation

•SSI requires effective communication between 
structural and geotechnical engineers.
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Outline

•Two recent SSI research projects on topics for which  
geotechnical engineers generally ignore SSI, but 
including it is important:

1. Seismic earth pressures acting on flexible vertical 
retaining walls

2. Influence of shallow foundations on earthquake-
induced ground failure potential
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Collaborators
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• Mononobe-Okabe (M-O) method is most 
common method utilized today.

• Begin with static earth pressure (e.g., Ka or 
Ko). Resultant PA. 

• Limit equilibrium analysis with seismic 
coefficient kh ( PGA) in Coulomb-type 
wedge. Produces PE.

• Predicts very high earth pressures when 
shaking is strong.

• Empirical evidence is that retaining walls 
perform well during earthquakes, even if 
they were not seismically designed.

• Questions: 
• Does horizontal acceleration necessarily give rise 

to seismic earth pressure?
• Is seismic earth pressure influenced by factors 

not considered in M-O method?
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Consider case of vertically propagating, horizontally coherent, SH 
wave

Acceleration: 

Inertia generated by wave resisted by mobilized shear stresses, thv(z)

Wave produces no change in normal stresses on vertical or horizontal 
planes (absent soil plasticity)

If we were to make an excavation and replace the excavated soil with 
a structural system with the exact same mass and stiffness as the 
excavated soil, seismic earth pressures would be zero

 Horizontal stresses have no fundamental association with 
acceleration. Rather, it is relative displacement between the soil and 
wall that creates earth pressure.
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Durante et al. (2022), BSSC (2020).



Seismic Earth Pressures

December 15-16, 2022 University of California San Diego 10

Durante et al. (2022), BSSC (2020).
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Durante et al. (2022), BSSC (2020)
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Durante et al. (2022), BSSC (2020)
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Durante et al. (2022).
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Durante et al. (2022).
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Durante et al. (2022).
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SSI Stresses

Assumptions

1. Flexible strip footing
2. Soil is isotropic elastic halfspace
3. Loading frequency is low enough that static 

solutions are reasonably accurate
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Conclusions
• Soil-structure interaction problems are inherently complex 

because they combine structural and geotechnical 
disciplines.

•Physical modeling studies provide key insights into 
fundamental mechanics that allow us to distill the problem 
into digestible units, and ultimately make design 
recommendations that are simple and straightforward to 
implement.

•Publishing experimental data is extremely important to 
facilitate these insights.
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Conclusions
• I presented centrifuge modeling studies today. 

• Structural models are necessarily simplified due to centrifuge 
scaling laws.

• There is tremendous need to validate SSI models using full-
scale experiments, like those made possible by the UCSD 
shake table facility, because we are able to realistically model 
structural components
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