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SYNOPSIS: A summary is presented of recently contributed simple approximate solutions for the dynamic pressures and the 

associated forces induced by ground shaking on rigid vertical walls. The walls are presumed to be either straight or circular in 

plan and to retain a uniform viscoelastic soil stratum of constant thickness and infinite extent in the horizontal direction. Both the 

walls and the stratum are considered to be supported on a non-deformable base undergoing a space-invariant, uniform horizontal 

motion. The effects of both harmonic and earthquake-induced excitations are examined, and comprehensive numerical data ate 

presented which elucidate the underlying response mechanisms and the effects and relative importance of the various parameters 

involved. A brief review is then included of available simple, approximate schemes for modeling the systems examined. Finally, 

the sources and magnitudes of the errors that may result from the use of these models are identified, and modifications are 

proposed with which the responses of the systems may be defined correctly. In the proposed modifications, the soil stratum is 

modeled by a series of elastically supported semiinfinite layers with distributed mass. The concepts involved are introduced for 

the straight wall and are then applied to the embedded cylindrical system. 

INTRODUCTION 

·-' This paper examines the dynamic soil pressures and associ­
ated forces induced by ground shaking on straight and cylin­
drical vertical walls. The evaluation of these effects is 
fundamental to the seismic analysis and design of earth retain­
ing systems and of embedded and underground structures. 

The problem considered has been the subject of numerous 
studies over the years, and a number of methods and computer 
programs of varying degrees of accuracy, efficiency and 
sophistication have been developed for its solution. Valuable 
accounts of the previous contributions on straight walls have 
been provided in state-of-the-art reports by Nazarian and 
Hadjian ( 1979), Prakash (1981) and Whitman (1991 ), and a 
broad overview of the contributions on embedded cylindrical 
structures may be gained from the papers in the proceedings 
of the workshop on the analysis and interpretation of the seis­
mic response data obtained from the nuclear power plant test 
model in Lotung, Taiwan (1989) and from a subsequent report 
on the same topic by Hadjian et al (1991). 

The methods of analysis used for retaining walls may con­
veniently be classified into three groups: (1) those in which 
the relative motions of the wall and the backfill material are 

,1sufficiently large to induce a limit or failure state in the soil; 

(2) those in which the ground motion is of sufficiently low 
intensity so that the retained material may be considered to 
respond within the linearly elastic range of deformations; and 
(3) the intermediate case, in which the true non-linear, hyster­
etic properties of the soil are accounted for explicitly. Repre­
sentative of the first approach is the well-known Mononobe­
Okabe method ( 1929, 1924) and its various variants (Seed and 
Whitman 1970, Sherif et al1982, 1984), and representative of 
the third approach is a recent contribution by Siller et al 
( 1991) dealing with the responses of gravity and anchored 
walls. The following discussion is in the vein of the second 
approach in that the soil is modeled as an elastic or viscoelas­
tic material. 

Despite the value of the information contributed so far, 
however, the dynamic response of these soil-wall systems is 
still not well understood. There is, in particular, a lack not 
only of adequate numerical data that elucidate the underlying 
response mechanisms, but also of methods of analysis that are 
both rational and simple and may, therefore, be used reliably 
and cost-effectively in design. 

The objective of the studies summarized here has been 
twofold: (1) to use existing or suitable improvements of exist­
ing methods to study critically the responses of classes of sys­
tems for which relatively simple analytical solutions are 
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