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Dynamic instability in buildings

Dionisio Bernal’

ABSTRACT

This paper presents the development of a Single Degree of Freedom (SDOF)
nodel for the calculation of instability thresholds in multistory buildings.
The model 1s restricted to buildings that can be idealized as two dimensional
<tructures but allows consideration of arbitrary mechanism failure modes.
validation of the model is done by computing ground motion scale factors
leading tO instability and comparing them with results derived from a general

nultidegree of freedom formulation. The comparisons indicate that the SDOF
ides good predictions of instability, provided the mechanism that

model prov
y is not too disparate from the one used in deriving the

controls dynamicall
model parameters.

INTRODUCTION

The action of vertical forces acting through lateral deformations is known
2c the P-delta effect. Under static conditloms the P-delta effect can be
interpreted in terms of equivalent story shears which add to those resulting
from the lateral forces (MacGregor and Hage 1977). During seismic response,
however, the lateral forces are not prescribed but dependent on the properties
of the structure and the P-delta effect 1s more appropriately interpreted as

2 reduction in the lateral stiffness.

y lead to increases in deformations

h P-delta effects included may or
In particular, studies by

Although second order effects invariabl
for static loading, the dynamic response wit

may not be larger than the first order solution.
Jennings and Husid (1970), Taklzawa and Jennings (1975), and Bernal (1990),

have shown that gravity typically has a small effect on inelastlic Xesponse,
except when the strength of the structure 1s near a certain critical value
below which the response grows unbounded, indicating failure from instability.
Fig.1 illustrates the maximum YeSponse versus Yyield strength for an
elastoplastic SDOF system with a fFirst order elastic period of 1.0 second and
3 $ of critical damping. rart (a) shows results computed with and without

gravity for E1 Centro and part (b) illustrates the same for Pacoima Dam.
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Figure 1. Maximum response of SDOF system (period = 1 sec, 5 % d
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and w, is the elastic (first order) natural circular frequency, given by,
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