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ABSTRACT

It is customary to assume that the input motion is the same at all points on the
foundation and torsional deformations will take place only as a result of the lack of
symmetry of the structural configuration or due to uneven mass distribution. The
spatial variation of ground motion due to phase lag and coherency loss effect gives
rise to rotational ground motions (only gorsional ground motions are considered here)
thereby inducing additional torsional deformations. Studies are available on buildings
subjected to torsional ground motion, but most of these studies have been confined to
single storey buildings on fixed foundation. No systematic studies are reported on the
effect of torsional ground mc;tion resulting from propégation of motion through
different soil medium. Also studies are not available on the effect of foundation
compliance, when the effect of torsional ground motion is incorporated. These studies
are reported in the present work.

The studies are carried out for a series of symmetric buildings comprising of
frames and frames and shear walls, and asymmetric buildings comprising of frames.
The buildings are founded on the raft which rests on three different types of soils
modeled as visco-elastic half space, viz: (i_)_ Firm soil, (ii) Medium firm soil and (iii)
Soft soil. The shear wave velocity Vi fof-fhese soil types have been chosen as: Vg =
350m/sec, 250m/sec and 100m/sec for firm, medium firm and soft soil respectively.
Similarly on the basis of available data in the literature, a set of angles of incidence of
the propagating wave have been chosen: 20° for firm and medium firm soils, 10° for
firm, medium firm and soft soils and 5° for soft soil only. The fundamental time

period T = 0.3sec for 3-storey frame and 4-storey frame-shear wall buildings and T =
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0.8sec for 10-storey frame and 12-storey frame-shear wall buildings, is chosen. For all
these buildings the ratio of uncoupled fundamental torsional to translational frequency
varies from 0.65 to 1.5. For asymmetric buildings a set of eccentricities are
considered.

A formulation based on sub-structure method is used for the analysis of
buildings. For the superstructure, each floor is assumed to have 3 d. o. f,, a translation
along the two principal axes in the plane of floor and a rotation about a vertical axis
and for the substructure, raft is assumed to have 5 d. o f,, a translation along two
principal axes and a rotation about each three orthogonal axes. Two cases of input
motion are considered: (i) Translation ground motion only and (ii) combined
translation and torsional ground motion. Equations of motion of the system
incorporating foundation impedance functions are written in time domain, converted
into frequency domain and the transfer functions obtained. Using Inverse Fast Fourier
Transform the seismic response in time domain is then determined.

Five non-dimensional parameters have been identified to determine the
individual and combined effect of torsional ground motion and compliance effects. A
detailed study is reported on these parameters.

It is shown that the contribution from torsional ground motion is considerable
for the soft soil case. It is also found that the increase in the response is significant for
buildings, having low fundamental translational time periods and that are torsionally
flexible. It is also seen that the effect of torsional ground moti;)n reduces with the
increase in the eccentricity. The codal provisions of accidental eccentricity usually

Condesd .
give higher response but in some 'these provisions are shown to be insufficient.
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