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Abstract

There is a tremendous growth of taller and more slender buildings to grace the skyline
of major cities all over the world. This is due to the rapid and continuous
development of design and construction technologies. These modern tall and slender
buildings are usually light-weight and less-damped, hence they are likely to have
significant dynamic responses due to wind loadings. A programme of wind tunnel
model tests is frequently integrated into the design process.

Because of the advantages in terms of simplicity for the model construction, less wind
tunnel testing time and flexibility for the data analysis, the high frequency force
balance (HFFB) model test is recently considered to be a cost effective method for
wind tunnel model tests. This technique has become a standard method for the
determination of the wind-induced loads and responses of buildings. During the past
two decades, this technique has been steadily developed to overcome its major
limitations, for example, neglecting the 3-D complex building vibration mode shapes,
which frequently affect the stability and serviceability designs of tall buildings with
eccentricity between centre of mass and centre of stiffness, and the aeroelastic effects.

This research project has spanned for more than two years in order to 1) develop the
necessary experimental apparatus for wind tunnel high frequency force balance
(HFFB) model tests; 2) develop a computer program for the relevant data analysis; 3)
experimentally investigate the validation and limitation of the developed testing
apparatus and analysis program by benchmarking the wind tunnel test results with the
previous published records; 4) experimentally investigate the aerodynamic behaviours
of tall buildings with square and rectangular cross-sections; 5) experimentally
investigate the effects of corner modifications on a reduction of aerodynamic wind
loads and wind-induced responses of buildings; 6) experimentally investigate the
structural wind loads of twin tall buildings with various corner modifications and
provide guidance for the structural design; 7) refine the experimental set up and data
analysis methodology to incorporate the effects of 3-D complex mode shapes on the
building’s structural wind loads and wind-induced responses, ande38) develop a
systematic study to experimentally investigate the effects of eccentricity on the wind
loadings and wind-induced responses of buildings. It is now in the stage, where the
methodologies for the determination of structural wind loads and wind-induced
responses of the building with 3-D complex mode shapes by the HFFB technique are
being summarised. Wind tunnel model tests of the Commonwealth Advisory
Aeronautical Research Council (CAARC) standard tall building to investigate the
effects of building eccentricity on the structural wind loads and wind-induced
responses of a tall building have been carried out and the corresponding data analysis,
including finite element models of the building structures, is being conducted. The
results of wind tunnel model tests will be analysed to examine the effects of
eccentricity between centre of mass and centre of stiffness for various wind incident
angles. Parameters such as the building mode shapes and frequencies of vibration
will be estimated for different eccentricity conditions. The effects of eccentricities,
coupling parameters and wind directions on the wind-induced displacement responses
will be presented and discussed. These will be the objectives for the follow up
research.
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The outcomes are expected to be useful for the design of modern tall buildings with
complex geometrical shapes, which are likely to have significant coupling between
translational and torsional motions due to 3-D complex mode shapes.
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