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ABSTRACT

Floor vibration serviceability is a primary design consideration for steel framed
floors. Designers in North America typically use the AISC Design Guide 11 methods to
check this limit state, but its methods are difficult to apply to atypical floor framing.
Finite element analysis is a logical choice for predicting vibration response to walking,
but simplified designer-friendly procedures are not available. Three relatively simple,
experimentally verified methods of predicting low frequency floor vibration due to
walking are presented in this dissertation. The methods are based on finite element
analysis of the floor system, are applicable to a wide range of situations, and are intended
to be no more complicated than is justified by the current ability to predict modal
properties. The first method is to predict the acceleration response using response history
analysis with individual footstep forces as the loading function. The second method also
uses response history analysis to predict the acceleration waveform, but with a Fourier
series representation of the load. The third method is a simplified frequency domain
method in which the predicted accelerance frequency response function is used to predict
the steady-state response to walking which is reduced to account for incomplete resonant
build-up.

A two year experimental program including three laboratory specimens, a four
bay full-scale mockup, and two steel-framed building floors, was completed at Virginia
Tech. These floor systems represent a wide cross-section of the steel framed floor
systems used in North America. Modal tests were performed using an electrodynamic

shaker and experimental modal analysis techniques were used to estimate the modal



properties: natural frequencies, mode shapes, and damping ratios. Responses to walking
excitation were measured several times in each tested bay for individuals walking at
subharmonics of natural frequencies. During each test, the walker crossed the middle of
the bay using a metronome to help maintain the intended cadence. The test with
maximum response represents the maximum peak acceleration that can be reasonably
expected to occur due to a single walker.

The proposed methods were used, with measured damping ratios and walker
weights, to predict the modal properties and responses to walking for comparison with
measured values. The methods were found to be reasonably accurate, contain significant
data dispersion, and be on the conservative side. The results of these comparisons were
used to develop design recommendations, including reduction factors to account for the
conservatism. The design methods were used to predict the modal properties and
responses to walking in a “blind” manner using only information that would be available
to a designer. Comparisons of measurements and predictions were used to determine the
accuracy of the proposed prediction methods, which were found to be sufficiently

accurate for design usage.
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