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IF for Standard Deviation Fx Coefficient ( cut p = 0°)
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IF for Standard Deviation Mz Coefficient (cut  =0°)
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Flow chart for determining the displacement and moment
responses of tall buildings with complex mode shapes

Z

Y 4.6, 0 1 000 144 4

Computer modelling:
Free vibration analysis;

Mode shapes ¢x, ¢y, 9
Natural frequencies of fundamental

modes nj, j =1-3

Coupling parameters:
Mode shape contribution factors;

ij; Cyj ’ CZ_]

Complex mode shape:

0 (z),)=1-3

Generalised mass for com‘pléx
mode shape:
m; ,j =1-3

Generalised stiffness for complex
riode shape:
kj Bj =1-3

Generalised damping for complex
mode shape:

Cjaj =1-3

.46 -

/

Mode 1 Mode 2 Mode 3
¢ (h) ¢ ()
Z(¢ W), VT W),
¢, ()

C. =
T W),
Note: 3 {¢2(h), = 2 () + 92 (h) + 6L (h)

¢, (h) is translation-equivalent

¢j(z) = ¢;g (z)- ij + ¢yj (z) Cyj +¢zj (z) Czj

m; = J‘m(z)gz(z)dz

k;=(2m;)'m,

&; = any assumed values




Generalised force for complex
mode shape:

pjsj:1'3

r

= x(lJM J(1)+C, [ ]Mx_x(t)+cz.[ijMz_z(t)
L h h \r

1 7 1
Z]M’v—y(r)+Zyjcyj[EJMx_x(I)+ XZjCzj[;JMz—

J .
where r = (Z) = radius of gyration

Zm(z)

and x,.%, X, are mode shape correction factors for x, y anc

_Zx_; xj

respectively

Generalised response for complex
mode building:

gjféj'énj 5j =1-3

R
T
i

Displacement response for

complex mode building:
o(z,t)

Components of displacement
response for the building:
8.(z,t)

o,(zt)

8.(z,t)

mE () +c,E () +kE(t)=p(t)

5(2,f)=i¢j(z)§j(t)=i§j(z,t) , Nis equal to 3

§,(21)=C,,6,(z1); 8,(z.1)= 25.(2,:)
8,(2.t)=Cu6,(z.) ; 8,(at)= Z&(z,r)

8,(z,1)=Cy6,(2t) ; 8,(z,t)= Zc?.(z,t)
Nis equal to 3
Note: §3(z,t)=8,(1)+8,(t)+55(t)

8 (z,t)=81(t)+8)(1)+5(1)

Op(z U_agz)r)
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Moment response for the Force-displacement relations:
building: N
M My‘y'Mz‘z é‘xj(h't)ﬁMy‘)’j(t) s My~y(t):ZMy—}'j(z)

—x? .
X=X J=1

5, (hi)= M, (1) M_(1)=3 M, (1)

5 (i) =M, (1): M, (1)=5M__ (1)

=

NB: Relationships between forces and point of application
Geometric cenire (Aerodynamic centre): Wind forces (external dynamic forces)

Stiffness centre: Elastic forces
Measured forces and moments

Mass centre: Inertia forces

Generalized (Modal) coordinates: Degrees of freedom, Equation of motion
Damping forces
Generalized responses

Building coordinates: Desired displacement responses

Desired base shears and overturning moments

-
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Abstract

Wind tunnel high frequency force balance model tests of the CAARC
(Commonwealth Advisory Aeronautical Research Council) standard tall building were
conducted. The experiment programme was carried out in a turbulent boundary layer
wind tunnel at the Chulalongkorn University, which has 1.6 x 1.6 metres in cross-section
and 7 metre in length, "The rigid building model was tested in an open terrain wind
model at the mean wind speed of 7 m/s at the top of the building model. The effects of
corner madifications, i.e. sguare recession corners and roundness corners, with the
corner modification ratios (dy/ Dy ratio} of 0.05, 0.10 and 0.15, on the wind-induced
loads and responses of the CAARC building model were investigated under the wind
directions of 0, 15, 30, 45, 60, 75 and 80 degrees. The experimental results indicated.a
significant effect of the corner modifications on the vortex shedding process, which is
the main excitation mechanism in the cross-wind direction. In addition, the corner
modifications appeared to have a significant effect on a separation process of the wind
at the upstream corners and a reattachment process of the separated shear_ layers
along the side faces of the building model. These caused significant changes to the
along-wind, cross-wind and torsional forces and responses of the building. The
effectiveness of the corner modifications in reducing the along-wind, cross-wind and
torsional responses was highest when the incident wind was normal to the building
faces. For the building with roundness corners, the effectiveness in reducing the
building responses was increéiSéd with increasing modification ratios. However, this

relationship was not evident for the building with square recession comnefs.
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Abstract

An investigation into the effects of interference and edge configurations on the
wind-induced forces and responses of isolated and twin towers was carmried out, The
major parameters for a detailed study are: 1. forms of the cormer modifications, i.e.
recession, cut and roundness, with a corner modification ratio (d/D ratio) of 0.20; 2.
locations of the interfering building, i.e. a total number of 49 locations including both
upstream and downstream from the principal building; and 3. directions of the incident
wind, i.e. 0, 15, 30 and 45 degrees. Wind tunnel model tests of the 1/400 scaled
building models were conducted in a boundary layer wind tunnel at the Chulalongkomn
University, which has 1.6 x 1.6 metres in cross-section and 7 metres in length. The sizes
of the building mode! are 0.075 x 0.075 x 0.45 metres (width : length : height = 1:1:6).
The building model was made from balsa woods and mounted on a six-component
force transducer. The wind forces were measured and the responses of the building
model were calculated using the principles of the high frequency force balance
technique. The building models were tested in an open terrain wind environment, using
the tested mean wind speed of 7 m/s at the top of the building mode!. The experimantal
results indicated significant effects of the cormer modifications, wind incident angies and
locations of the interfering building on the wind-induced forces and responses of the
building. An i-ncrease by up to 50% in the dynamic wind forces acting on the principal
building was-observed for some locations of the interfering building. This is due to
changes in the separation and vortex shedding processes, which affect ;r':e along-wind,
cross-wind and torsional forces, causing by the corer modifications and interfering
building, for the range of wind directions tested. The regions of increased or decreased
forces were presented in the form of normalised forces, or buffeting factors, contours.
This contour of buffeting factors, i.e. iso-buffets, can easily be used for the design of the
building under interference effects from an identical interfering building. It was aiso
found that the recession and roundness corners demonstrated higher efficiency of the
reduction of dynamic wind forces than the cut corner. A decrease by up to S0% in the

dynamic wind forces was observed from the wind tunnel mode! test.
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BSTRACT : Wind tunnel high frequency force balance (HFFB) model tests were developed for predicting wind-induced
sponses of buildings. The study included a literature review of the HFFB technique, a development of the computer program for
sponse predictions for both time and frequency domain analyses, a construction of a lightweight rigid model of the CAARC
andard tall building, and a wind tunnel model test. Along-wind, cross-wind, and torsionalgdeflection responses. of the CAARC
andard tall building were estimated for incident wind normal to both the wide and narrow faces of the building medel. The results
tained from this study are consistent with the results obtained from the HFFB and aeroelastic model tests reported by other

scarchers.
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EFFECTS OF CORNER MODIFICATIONS ON WIND-INDUCED LOADS AND
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ABSTRACT : Wind tunnel high f;équency force balance model tests of the CAARC (Commonwealth Advisory Aeronautical
Research Council) standard tall building were carried out. The effects of the comer modit?c.:-;tions, i.e. roundness cormmers and square
recession comers, with ratios of 0.03, 0.10 and 0.15, on the wind-induced loads and responses of the CAARC building model were
investigated. Tt was found that the along-wind, cross-wind and torsional responses of the building with corner modifications were
generally lower than the responses of the CAARC building. [n addition, the use of square recession comers to reduce the wind-
induced responses tended to be more effective than the roundness corners, especially when the direction of the approach wind was

normal to the building faces.

KEYWORDS : WIND LOADS, WIND-INDUCED RESPONSES, TALL BUILDINGS, CORNER MODIFICATIONS, HIGH

FREQUENCY FORCE BALANCE TECHNIQUE
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ABSTRACT : A wind tunnel high frequency force balance model test of a pair of identicaletall buildings has been conducted. A
1:400 scaled rigid model of a tall building with an aspect ratio of 6:1:1 was tested in an open terrain wind environment. The effects
of the locations of the neighboring buildings and distance between the two buildings within 5 times of the building width, in
particular a close distance between the two buildings, were investigated. An investigation into the effects of corner modifications,
i.e. recession corners, cut corners and roundness corners, on the interference effects was also carried out. It was evident that the
interfering building has a significant impact on the wind-induced forces of the principal building, in particular the upstream
interfering building located diagonally 20° - 45°.fr0m the wind direction. An iocrease of up to 80% of the dynamic forces was
observed in some locations and configurations of the interfering buildings. It was also found that the buildings with recession
corners and roundness comers can be effectively used to suppress the dynamic forces resulting from interference effects. A decrease

of up to 50% of the dynamic forces was deduced from the wind tunnel model tests.

KEYWORDS : Twin tall buildings, Interference effects, Edge configurations, Wind loads, Wind tunnel tests
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WIND-INDUCED LOADS AND RESPONSES OF A TALL BUILDING
WITH COMPLEX MOTION

S. Thepmongkorn*, P.A. Hitchcock** and P. Warnitchai***

* Department of Civil Engineering, Mahanakorn University of Technology, Bangkok, Thailand
** CLP Power Wind/Wave Tunnel Facility, The Hong Kong University of Science and
Technology, Hong Kong S.A.R., P.R.China

***School of Civil Engineering, Asian Institute of Technology, Pathumthani, Thailand

Summary

Modem tall buildings with complex geometrical shapes are likely to have significant coupling
between translational and torsional motions. The resultant response may be greatly amplified at
the comers of the building, in particular for buildings with eccentricity between centre of mass
and centre of stiffness. A programme of wind tunnel model tests is frequently integrated into the
design process. Because of the advantages in terms of simplicity and flexibility for the data
analysis, the high frequency force balance (HFFB) model test 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 complex building motion and aeroelastic effects. In this paper, the
methodologies for the determination of the complex building motion responses by the HFFB
technique are outlined. The results of wind tunnel model tests of the CAARC standard tall
building were 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 were estimated for different eccentricity conditions with the aid of the
computer modelling. Discussions on the effects of eccentricities, coupling parameters and wind
directions on the wind-induced displacement responses are presented and discussed. A
comparison with the results from aeroelastic model studies are also presented and discussed.
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EFFECTS OF CORNER MODIFICATIONS ON WIND-INDUCED LOADS
AND RESPONSES OF A TALL BUILDING

S. Thepmongkorn and A. Tulsukchuen
Department of Civil Engineering, Mahanakorn University of Technology, Bangkok, Thailand

Summary

Wind tunnel high frequency force balance model tests of the CAARC (Commonwealth Advisory
Aeronautical Research Council) standard tall building were conducted. The experimental
programme was carried out in a turbulent boundary layer wind tunnel, in which the rigid
building mode! was tested in an open terrain wind model. The effects of corner modifications,
1.€. square recession corners and roundness corners, with the comer modification ratios (d,/ D,
ratio) of 0.05, 0.10 and 0.15, on the wind-induced loads and responses of the CAARC building
model were mvestigated for various wind directions ranging from 0 to 90 degrees. The
experimental results indicated a significant effect of the corner modifications on the peak and
frequency components of the cross-wind forces caused by the vortex shedding process. In
addition, the corner modifications appeared to have a significant effect on a separation process of
the wind at the upstrecam corners and a reattachment process of the separated shear layers along
the side faces of the building model, which significantly changed the along-wind, cross-wind and
torsional forces and responses of the building. The effectiveness of the corner modifications in
reducing the along-wind, cross-wind and torsional responses was highest when the incident wind
was normal to the building faces. For the building with roundness corners, the effectiveness in
reducing the building responses was increased with increasing modification ratios. However,
this relationship was not evident for the building with square recession corners.
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