
 
 

 

 

 
 

 

 
 

 

 

 

 

 

There is enough field evidence to conclude that underground structures are vulnerable to seismic deformations, 

and thus they must be designed to accommodate the ground motions imposed by the earthquake. If the structure 

is far from the epicenter of the earthquake, a static analysis may be sufficient to approximate the dynamic response 

of the structure. The free-field method may produce erroneous results because it does not consider soil-structure 

interaction. A structure that is stiffer than the soil it replaces will have smaller deformations than those predicted 

by the free-field method, while a softer structure will have larger deformations. Any seismic analysis must include 

ground-structure interaction and the design should incorporate sufficient ductility in the structure to accommodate 

the deformations imposed by the earthquake. Simple solutions are provided to estimate seismically-induced 

deformations on deep underground structures with circular or rectangular cross sections assuming a drained 

response. Differences between drained and undrained analyses are discussed. 
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