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The observations from severe earthquakes show that
seismic loads can induce damage in the soil underlying
the foundation, in addition to structural and nonstructural
damages. These may contain the settlement, foundation
uplifting, or pile failure, as a result of the lack of soil-bearing
capacity, liquefaction, or so on.

As the earthquake occurs, the foundation may experience
each or a combination of vertical and horizontal translations
as well as rotational motions, depending on the flexibility of
soil underneath the footing and the geotechnical conditions
of the site.

Based on which of these motions is dominant, the
seismic forces transmitted to the superstructure would be
affected. It is because the structural vibration is coupled with
the foundation motions. Among these, the rocking motion
is more important regarding the change of vibrational
characteristics of the system and the interaction between the
rocking motion and the overturning moment due to seismic
responses.

In rocking motion, if the foundation stiffness is
significantly greater than that of the underlying soil as well
as other structural elements, the foundation tends to rotate
about one of the edges or pivots. When the foundation rocks,
either the soil yielding or foundation uplifting, depending
on the static vertical safety factor of the foundation or a
combination of them, may dominate the behavior. In the
technical literature, these two phenomena are categorized
under the title of “rocking isolation”. In this way, there
are several challenging issues in the current literature and
the regulations of the seismic design codes: a) The general
belief among the researchers is that the foundation uplift
has beneficial effects on seismic demands. This means
that the structural responses can be reduced due to the
foundation uplift; b) The fixed-base assumption is one of
the most important assumptions in the seismic design codes.
Although some requirements, related to the soil-foundation-
structure interaction, have been provided to modify the
base shear and story drift, they generally mitigate the
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earthquake-induced demands. In those requirements, the
foundation uplift is not taken into account; ¢) In the majority
of previous investigations, just the maximum base rotation
and the overturning possibility were investigated, while less
attention has been paid to other response parameters, such
as the story drifts; d) In most studies, the varied parameters
have been often limited to the structural specifications, such
as slenderness or the fundamental vibrational frequency,
along with the ground motion characteristics, including the
peak ground acceleration and prevailing frequency, and their
effects on the seismic demands. Thus, the dimensionless
parameters, such as the structural damping, the structural
frequency normalized by the prevailing frequency of
ground shaking or the ratio of the structural frequency to the
prevailing frequency parameter, have been rarely examined.

Accordingly, the aim of this project is the assessment
of amplifying aspects of foundation uplift on the seismic
demands and developing meaningful frequency-acceleration
thresholds to describe such amplifications. For this purpose,
the differential equations of motion of linear and nonlinear
structures rocking on a rigid base are developed and applied.
The models are excited by symmetric and asymmetric ricker
pulses as well as a set of near-source ground shakings. In
this project, the elastic and inelastic SDOF structures, as
well as the elastic and inelastic shear MDOF buildings are
investigated.

The results show that, despite the case of fixed-base
structures, as the fundamental structural frequency increases
concerning the prevailing pulse frequency, seismic demands
are amplified in the uplifted structures. Focusing on the
damping effects, though the seismic responses are reduced
for systems with low damping ratios, they enlarge for high
damping in the case of rocking SDOF structures. In multi-
degree shear structures, it is observed that the story drifts
of uplifted cases grow with respect to SDOF systems. This
phenomenon is more considerable for squat structures
comparing corresponding slender models. In nonlinear
structures, the foundation uplift results in the amplification of
the deformation in the system comparing the corresponding
fixed base one as the ratio of natural frequency to the
predominant frequency of excitation increases.

Keywords: Foundation uplift, SDOF system, MDOF
system, Bouc-Wen hysteresis model, Structural damping
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