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Effect of Vertical Earthquake Ground Motion on Reinforced Concrete Structures
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Earthquake design has conventionally focused on the effect of horizontal ground acceleration as the primary cause of damage and collapse of
engineering works, based on the premise that structures are in general over-designed for gravity. The latter approach was also supported by the
general observation that vertical peak ground accelerations from field measurements are a fraction of their horizontal counterparts. Two relatively
recent factors have pointed towards serious shortcomings in the assumption that vertical motion effects are negligible. These two factors are; (1)
the increase in the number of near-source earthquake measurements that indicated that vertical peak accelerations can be as high, or even higher,
than horizontal peak values, and (2) the increasing number of observations of damage and collapse that cannot plausibly be attributed to
horizontal shaking only.
Since the late 1990’s increasing emphasis has been placed on causes of high vertical earthquake motion, and its effect on engineering
structures. Analytical evidence of the detrimental effects of vertical ground motion piled up, while more cases of collapse that cannot be attributed
to horizontal motion have been archived. Only recently have experimental evidence been obtained to irrefutably confirm that ignoring vertical
earthquake ground motion effects may lead to collapse of structures, with the consequential loss of lives and livelihoods. The presentation
highlights two testing programs on RC columns where it is conclusively shown that vertical motion leads to high levels of distress that leads to
failure. Extensive parametric studies using analytical tools that were calibrated to the test results led to clear identification of the governing
parameters. Indicative values of the effect of each parameter on the response of RC structures were also obtained. The work provides the first
experimental evidence of the damaging effect of vertical ground motion, and paves the way for inclusion of this very important effect in seismic
design.
The vertical motion effects presentation will be preceded by very brief comments on the Chile earthquakes of February 2010; the MAE Center
at Illinois team has just published a comprehensive report on the earthquake, available at http://hdl.handle.net/2142/18212.
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