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A Study on Prediction and Control Techniques of Building Floor
Vibration for the Evaluation of Habitability
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Summary

The demand for the higher habitability in a building is increasing. It is true for environmental vibration as
well as heat, air, light and sound environments that have much to do with amenity. Although there is no
concrete description about environmental vibration in the Building Standard Law, it may have greater
importance than structural safety in daily life.

In "Guidelines for the evaluation of habitability to building vibration" revised as one of the Architectural
Institute of Japan Environmental Standard in 2004, designers are requested to set a specific design condition
according to the demand of a client or resident and realize it. The guidelines give evaluation curves for floor
vibration to some vibration sources and their backgrounds. They do not include the characteristics of oscillation
source, propagation, duration and so on, though the latest research results are attached.

Therefore, in order to evaluate habitability, it is necessary to refer to data of an example whose conditions of
vibration source and observation point are similar. Or you have to perform vibration measurement or prediction.
Especially some prediction of vibration is indispensable for the evaluation in a design phase. It is required and
important on the design of a building to predict the oscillating response in the main parts of the building. But
the systematization of prediction methods has not been reached, as there is not enough accumulation of fruits of
work. However, control of environmental vibration is performed in many cases at the design phase and accurate
prediction methods are requested for an effective measure.

In these circumstances, new methods to predict or control floor vibration are examined in this research,
aiming at being some help for structural design.

This paper consists of Chapter 1 to 6. Chapter 1 describes the background, purpose and positioning of this
research. In Chapter 2 to 5, respective research results are presented. Chapter 6 summarizes the results in this
research as a conclusion. The outline and result of each chapter are as follows.

In Chapter 2, firstly dynamic load factors for human activities are examined to compare with the past
research results. They are considered characteristics of human forces that are common in a building. Secondly
the floor response spectrum to an artificial force is illustrated after examination of prediction precision by both
single degree of freedom models and finite element models comparing with measured data.

Thirdly a prediction method for floor vibrations from aerobics is proposed. Contrasting two similar buildings
one of which had a vibration problem at the lounge adjoining to an aerobics studio, the cause of the problem was
explained by the result of measurements and evaluation of habitability. A countermeasure based on simulation
result settled the problem.

A study of how force is employed to the floor demonstrates that the floor vibration from aerobics with dozens
of participants can be predicted accurately by the response to the force of around eight people in phase and
multiplying it by the root of the number of participants divided by the number of people in phase. It is true on
condition that the spans of floor consisting the aerobics studio are affected by global modes.

In Chapter 3, procedures for predicting the response of a steel-frame building subjected to traffic oscillation at
the planning phase are investigated. Prior to this investigation the practicability of a prediction method with
finite element models of a building and vibration input data at locations where columns will be set on the
concrete base is verified. All the procedures can be digested as follows:

1) Simultaneous vibration measurement should be performed in (on the ground surface or the basement etc.)
and out of (on the sidewalk etc.) a building site where traffic oscillation is likely to affect the habitability of
the building. Each time the response becomes remarkably large during the measurement, the conditions
(types and speeds of the vehicles, type of the ground, distance between the measurement points etc.) that
may characterize the oscillation source and the propagation path are classified.

92) System identification is zperformed with the largest data that are considered as pseudo-stationary.
Identified AR parameters and residual variances are categorized referring to the conditions classified in 1).

3) Operations of 1) and 2) are carried out at various sites in order to acquire statistically determined AR
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parameters and residual variances. And also phase lags of traffic oscillation within the basement are
investigated as well. As a result, the enforced motion input of a building under planning can be estimated
from the data measured at out of the site plus the statistical AR parameters, residual variances and phase
lags. Then the response of the building will be predicted with the finite element modeling and the
estimated input.

In Chapter 4, in order to realize a system that reduces multi-modes of floor vibration and accompanying
structure-borne sound by a single sensor and an actuator per unit span area, a method of active vibration
control and a procedure to identify the control object are described. Then the good performance of the method
and procedure is demonstrated with numerical simulations about a simply supported plate. Their usefulness
has also been shown through experiments with a life-size floor structure. It is verified that the first three modes
of vibration and structure-borne sound are reduced as designed by about 10 dB at the first mode and some 5 dB
at the second and third modes. The method and procedure will lead to the active control system with automatic
control design function for floor vibration and structure-borne sound if how to select the physically significant
modes from the identified eigenvalues is improved.

In Chapter 5, a simple prediction procedure for floor vibration from oscillating equipment such as vibrating
sieve is proposed. It is based on the examination of accelerance of the ground or floor structure, distance decay of
oscillation through the ground or structure, amplification by the floor structure and so forth. In the case of
vibration force from the equipment or vibration level nearby the equipment is known, this procedure can be
applied to approximate estimation of vibration level at points of concern without a detailed analysis.

An example of the procedure applied to a building subjected to vibration problem is illustrated showing good
agreement with measured data. Though the procedure needs more improvement, simple prediction of floor
vibration by the procedure is expected in such a case that detailed analysis is difficult technically or
economically.

In Chapter 6, conclusions of this research are presented summarizing the results mentioned above.
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