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Abstract. The high-frequency force-balance (HFFB) technique is one of the most popular
methods for assessment of the wind-induced response of tall buildings. Before the measured data
being processed, an additional treatment should be made to modify the amplification caused by
the model-balance system. This procedure requires determining the dynamic parameter of the
model-balance system first. The knocking test method is usually adopted to identify the natural
frequency and damping ratio of the model-balance system. However, there are some shortcomings
of this approach. First, it requires an additional knocking test, and second, the identified damping
ratio by adopting the knocking method is only the structural damping of the model-balance system
and the aecrodynamic damping of the model is neglected. In this study, a new approach is proposed
to identify the natural frequency and damping ratio of the model-balance system based on the
measured data in wind tunnel tests. The knocking test is no longer necessary and the identified
damping ratio is the entire damping ratio of the model-balance system, that is, the structural
damping and the aerodynamic damping are both included. Three illustrative examples, including
a hypothetical building, the Commonwealth Advisory Aeronautical Research Council (CAARC)
tall building, and two actual buildings with rectangular and nonrectangular cross-sections, are
considered to examine the validation of the proposed method. It is shown that the damping ratio
of the model-balance system is different under different wind directions, and the actual power
spectral density (PSD) of the overturning moments at the base of the model can be calculated
accurately by adopting these identification results.

Keywords: tall building, wind effect, high frequency force balance technique, damping ratio.
1. Introduction

The HFFB technique is one of the most widely adopted methods for the assessment of the
wind-induced response of tall buildings. It is extremely easy and quick from a practical point of
view, while being able to give a quantification of overall wind loads on the building. This
technique allows users to measure the base reactions of a rigid scale building model through a
balance at its base [1-7]. In recent years, a lot of work has been done to improve the HFFB
technique for engineering applications, such as nonlinear mode shape corrections, multi-force
balance measurements, and using HFFB model to identify aeroelastic parameters [3, 5-6, 8-15],
etc.

A HFFB usually measures six force components, including the shear forces along two
horizontal main axes directions, the axis force in vertical direction, the overturning moments along
two main horizontal directions and the torque in vertical direction, at the base of a building model
in wind tunnel. If the building model and the HFFB together are regard as a system (called
model-balance system), the measured data are the output of the system. It is obvious that the input
of the system is actually the external wind excitation acting on the building model. Therefore, the
input of the system must be extracted from the measured output of the system.
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In frequency domain, the input and output of a system are connected through the mechanical
admittance. Their relationship can be expressed by the following equation:

S°(f) = IH(OI2S' (), ()

where f is the frequency, S°(f) is the PSD of the measured amplified response of at the base of
a model, S’(f) is the PSD of the acrodynamic force, moment or torque at the base, and |H(f)|?
is the mechanical admittance of the force-balance system. According to Eq. (1), an additional
treatment is usually made to modify the amplification caused by the model-balance system in the
high frequency band as:

S°(f)
[H(OI

here S’(f) and S°(f) could be the PSD of overturning moment, the shear force or the torque at
the base of a model-balance system. Among them, the overturning moments along the two main
horizontal axes of the model are the most important for analysis of structural response, because
the generalized wind loads for the first two sway mode of the structure can be deduced from them
through the linear vibration mode shape assumption.

To obtain S'(f) from the measured S°(f), the mechanical admittance |H(f)|? must be
determined first. It is obvious that the mechanical admittance of a model-balance system depends
on its dynamic parameters, including the natural frequency and the damping ratio. Conventionally,
a knocking test is usually conducted before a wind tunnel test to measure the free vibration signal
of the system. Then, the dynamic parameters can be identified by analyzing the free vibration
signal and then the mechanical admittance |H(f)|? can be determined. After that, the PSD of wind
loads on the building model can be obtained using Eq. (2).

However, there are some shortcomings of this method. First, laboratory technicians usually
knock the building model with a rubber hammer in a knocking test. This procedure is usually
carried out before or after the wind tunnel test. Therefore, the natural frequency and damping ratio
of the HFFB system are assumed to be constants for all wind directions. Actually, the damping
ratio of the model-balance system might change significantly when rotating the turn-plate to alter
the wind direction. If the knocking test is re-conducted for each wind direction, a wind tunnel test
would be interrupted for many times. In each time, the blower must be stopped to allow the
technicians to enter the wind tunnel to conduct knocking. Obviously, this cumbersome procedure
is infeasible. Second, the knocking force might be of great contingency in a knocking test.
Different knocking force means different vibration amplitude of the recorded signal. Since many
researchers have reported that the damping ratio is amplitude-dependent, the identified damping
ratio base on the knocking test may not equal to the damping ratio of the model balance system
when the building model is under wind load. The third, when the building model is acted by wind
load in the wind tunnel, the damping of the model-balance system includes not only the structural
damping but also the aerodynamic damping. The result of a knocking test can only represent the
structural damping and the aerodynamic damping is usually neglected.

In this study, a new method for determination of dynamic parameters of a model-balance
system is proposed. The advantage of this method includes: (1) the dynamic parameters of HFFB
systems are identified based on the wind tunnel test data, and the additional knocking tests are no
longer necessary; (2) the natural frequency and damping ratio of the model-balance system are
not assumed to be constants for all wind directions. For each wind direction, the dynamic
parameters would be re-identified based on the measured data. In other words, this method allows
a model-balance system to have different dynamic parameters in different wind directions; and
(3) the proposed procedure of dynamic parameters identification avoids identifying the structural
damping and the aerodynamic damping separately, but identifies the entire damping ratio directly.
Therefore, both the structural damping and the aerodynamic damping are included in the

S = 2
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identification results.

The methodology is introduced in detail in the following section, and then three cases,
including the CAARC standard tall building and two actual buildings with rectangular and
nonrectangular cross sections, are studied to verify the effectiveness of the proposed method.

2. Methodology

In the first part of this section, the knocking method is introduced briefly, and then, the
proposed method of this study is presented in detail.

2.1. The knocking test method

The knocking test is one of the most widely-used methods for obtaining the dynamic
parameters of a model-balance system. The PSD of the measured decrement signal can be
formulated as:

A _ 1
(f2— )2+ (20fuf)? ax?+bx+c

where f,,, { are the natural frequency and damping ratio of the model-balance system,
respectively, and x = f2, a = 1/A, ¢ = f3/A, b = 2(2¢% — 1)f#/A. Eq. (3) can be rewritten as:

s°(f) = 3

ax?+bx+c=——. 4)

The coefficients a, b and ¢ can be obtained by fitting the right-hand side of Eq. (4), and then
the natural frequency and damping ratio can be obtained from the following equations:

fo= 4\/5' (52)

1 b
_ /_ 5b
¢ 2 * aac (%)

The knocking test method makes sense theoretically, but there would be some problems in
applications, which will be illustrated and discussed in case studies in Section 3 of this paper.

2.2. The proposed method

Different than the knocking method, the proposed method in this study use the wind tunnel
test data directly to identify the dynamic parameters of a model-balance system, that is, knocking
tests are no longer necessary. Since the overturning moments along the two main horizontal axes
at the base of a model are the most important for analysis of structural responses, the following
analysis focuses on these two directions.

The mechanical admittance of a model-balance system can be expressed as:

1

(1-(5)) + (ef)

Substituting Eq. (6) into Eq. (1) gives:

IH(HI? =
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S'(F)
) .
(1)) + (e N

The PSD of the overturning moments along two horizontal main axes of super-tall buildings
usually decreases approximately linearly with the increase in frequency f in a specified frequency
range in log-log coordinate. This feature can be formulated as:

S°(f) =

S'(f) = nf?. ®)
Eq. (8) can be rewritten in logarithmic format as:
1g(S"(f)) =~ 1g(nf™) = vlgf +lgn. ©)

Eq. (9) reveals that the relationship between 1g(S’(f)) and Igf can be fitted with a straight
line. Eq. (7) can be rewritten as:

_ AR INAAY
S1(H) = 5°() (“(E)) +(2c5) ) (10)

The measured signal by the HFFB is a kind of discrete signal, thus S°(f) is also discrete in
frequency domain and S’(f) can be rewritten in a discrete form according to Eq. (10) as:

1g(s!) = Ig s{’(<1—(£)> ( };)) (1)

where S! and S? are the value of S’(f) and S© at frequency f;. The corresponding fitted value is
expressed as:

1g(S! i) = Vlgfi + 1. (12)

Now the problem is to find a set of f;,, {, ¥ and 1 to minimize the relative error, in terms of (,
between IgS! and lg(Sl-" ﬁt), which can be formulated as:

Q= Z lg(Styie) —1g(sD)) = min (13)

The value of f,,, {, ¥ and 1 can be determined by solving the following equations:

04 0 (14a)
- = a
af, ’

ol

7= 0, (14b)
o9 0 (14c)
- = C
oy ’

o =0 14d
oy = (144d)
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Substituting Egs. (11) and (12) into Egs. (14) gives:

( Vlgﬁ-+n—1g<Sf’ (;_;>2> ( }}::l) )) (15a)
of, o >
d <Zi ylgfi +n—1lg <Si" ((1 - (]%)2>2 + (2{%)2») > (15b)
a 2 =0
0 (&- vigf; + 1~ < )2 +(2¢ %)j)) ) (15¢)
=0,
( Vigfi +n—1g| S7 (( (]7;1)2)2 + (26%)2») > (15d)
- = 0.
Eq. (15) can be rewritten as:
f‘ — 2 272
() 1o (- 455 )
=0, (16a)
Z In10 ((}Cn ) + 4ﬁffz) : a

2
- 16f,%¢(n—1g S?((%ﬂ) +4fo2) + vlgf;

Z - —0, (16b)
: 2In10 ((%— 1) +4ﬁf )

7 1%
Z 20e(F) [ n —1g s° ((#—1) +ar ) +ylgf | | =0, (16¢)
z 2n — 21g| S? ((? —1) +4f}€> +2ylgf; | = o. (16d)

Now there are four equations in four unknowns, thus the dynamic parameters f, and { can be
determined by solving these nonlinear equations. Some numerical methods can be employed to
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solve nonlinear equations. In this study, a modified Newton-Raphson algorithm, called the
“secant” method is adopted to solve the systems of nonlinear equations. Consider the solution to
a system of m nonlinear equations in m unknowns given by:

Fl(xl,xZ,...,xm) = 0,
FZ(Xl,XZ,...,xm) = 0,

(17)
Fn(x1,%2,.0, Xm) = 0.
The system can be written in a single expression using vectors, i.e.:
F(x) =0, (18)

where the vector X contains the independent variables x;, and the vector F contains the functions
fj(X). The procedure to solve the equations is described as below.

1) Set the maximum number of iterations N and the tolerance ¢;

2) Set the initial guess for the solution as X, = X1, X5, ..., Xj, «v ) Xy

3) Successive approximations to the solution are obtained from:

Xper1 = X — J7TH(xy), (19)

where ] is the Jacobian matrix and k is the current iteration step number.

4) The convergence criterion is that the magnitude of the vector f(x,,) be smaller than the
tolerance, as shown in Eq. (16). If Eq. (16) were satisfied, the iteration is ended and the unknown
X is determined. Otherwise, the iteration procedure goes to step (3):

[f(xp)] < e (20)

The main difference between the secant method and the Newton-Raphson algorithm is how to
calculate the Jacobian matrix J. The former uses the secant value instead of the tangent value when
calculating the Jacobian matrix. This method is easily implemented to solve the system of
nonlinear equations which is shown in Egs. (16a)-(16d). Therefore, the natural frequency and
damping ratio of a force-balance system can be easily determined by adopting the proposed
method.

3. Illustrative examples

In this section, three illustrative examples are presented to examine the validation of the
proposed method. The first example is the standard tall building model proposed by CAARC
(called the CAARC standard tall building). It is a hypothetical building. The other two examples
are actual buildings including the Zhuoyue Century Center (ZCC) with rectangular cross-section
and the Guangzhou East Tower (GZET) with nonrectangular cross-section.

3.1. Example I: the CAARC standard tall building

The CAARC standard tall building is characterized as a flat-topped prismatic body with
rectangular cross-section and lateral flat walls presenting no parapets or other geometric details.
The full-scale dimension of the building model are as follows: height H = 182.88 m; length
L =30.48 m and width W = 45.72 m. The HFFB wind tunnel test was carried out in the boundary
layer wind tunnel at the South China University of Technology with a working section of 5 m
wide and 3 m high. A rigid model with a geometric length scale of 1:300 was made to represent
the CAARC building, as shown in Fig. 1. Spires and roughness elements were used to simulate a
typical boundary layer wind flow specified in the Load Code of China (2012) as exposure
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Category C. The corresponding power law exponent is 0.22. In the wind tunnel test, the
aforementioned six force or moment components at the base of the building model were measured
by an ATI type high-frequency force-balance. The sampling frequency was 400 Hz and the
sampling length was 40960. Wind direction varied from 0° to 350° with incremental step of 10°
in the wind tunnel test.

o4 ——— -

9f - ----

9F-----

Frequency(Hz)

88l - ——— -

84 1 1 1 1 1 :
0 50 100 150 200 250 300 350
Wind angle(°)
a) Natural frequency
1 3 777777 T - - - T = 0T T T T T T - - - - - - - - - - = I T T T T T T I

Damping ratio(%)

|
|
|
|
|
|
l l l l
0 50 100 150 200 250 300 350
Wind angle(°®)
b) Damping ratio
Fig. 2. The identified dynamic parameters of the model-balance system
of CAARC under different wind directions

Fig. 2 shows the identification results of the natural frequencies and the damping ratios of the
model-balance system for all wind directions. It is shown that the natural frequency and damping
ratio of the HFFB system under different wind directions are not quite the same. The identified
natural frequency varies slightly with wind directions. However, the identified damping ratio
varies more significantly with wind directions. For example, in M, direction, the maximum
damping ratio is 0.97 % and the minimum damping ratio is 0.67 %. In M,, direction, they are
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1.19 % and 0.83 %, respectively. The phenomenon that the identified dynamic parameters vary
with wind directions would be due to several aspects. First, altering wind direction is usually
implemented by rotating the mechanical device at the base of the model-balance system. This
procedure may cause slight changes of the dynamic parameters of the HFFB system. Second, the
aerodynamic damping of the model-balance system usually varies with wind directions in wind
tunnel tests. Obviously, the aerodynamic damping is a portion of the total damping of that system.
Hence the damping of the model balance system varies significantly in different wind directions.

For the purpose of comparison, the knocking test was carried out and the identification results
are presented as well. Before fitting coefficients shown in Eq. (3), the frequency range for fitting
must be specified first. The frequency corresponding to the peak value of the spectrum S(f) is
usually regarded as the center frequency of this frequency range, and the band width of the
frequency range should be set artificially. Actually, it is difficult to determine an appropriate band
width. The reason is that too wide band width would result in an overestimated damping ratio
result, and too narrow bandwidth would result in an underestimated damping ratio result. For
example, if the selected frequency range for fitting is [0.85f,, 1.15f,,], the identified damping ratio
in M,, direction is 1.47 %, as shown in Fig. 3(a). However, if the frequency range is specified as
[0.97f,, 1.03f,], the corresponding identified damping ratio is 0.56 %.

tested tested
=== fitted == fitted

£ £ 10k ]
10°k
10°} J
10" 0 ]
10° . . . 10° :
10" 10° 10' 10° 10° 10" 10° 10" 10° 10°
flHz fiHz
a) Fitting frequency range is [0.85f, 1.15f,] and b) Fitting frequency range is [0.97f, 1.03f,] and
identified damping ratio is 1.47 % identified damping ratio is 0.56 %

Fig. 3. The overestimated and underestimated damping ratio according to
different frequency range for fitting

tested

tested
= fitted == fitted

) ) ) . . .
- o 1

10" 10° 10' 102 10° 10 10 10 10 10

fiHz Hz

a) M,, direction b) M,, direction
Fig. 4. The measured and fitted PSD of the overturning moments

For the above reason, the appropriate frequency range for fitting is usually determined after
many attempts. In each attempt, the relative error between the fitted PSD and the tested PSD is
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observed. One can minimize the relative error by adjusting the frequency bandwidth. Obviously,
this is a cumbersome process, and it is one of the shortcomings of the knocking method. For this
example, we find that the appropriate frequency range is [0.955f,,, 1.045f,,], and the fitted PSD
are in good agreement with the tested PSD near the peak point of PSD, as shown in Fig. 4. The
identified damping ratio is 0.53 % in M, direction and 0.65 % in M,, direction. The corresponding
natural frequencies of the model-balance system are 96.61 Hz and 85.41 Hz, respectively.

Using the identification results from the knocking method, the measured PSD of overturning
moments are then modified, as shown in Fig. 5. It is shown that the correction results are not bad.
But if we observe the corrected PSD near the natural frequency of the model-balance system, we
can find that the influence of the dynamic parameters of the model-balance system is not entirely
eliminated after correction. The reason is that the identified damping ratio from the knocking
method is not suitable for all wind directions.

10 T T T 10
before correction

before correction
10" after correction after correction

\ ] 10
107k W 1 “‘W\

L
1 o 2 3

L L L
107 10° 10" 10° 10° 10 10 10' 10 10

fiHz oz
a) M, direction, 0° wind angle b) M,, direction, 0° wind angle
10° W
before correction
after correction 2
107}
10° b
10°}
0’ 10* \‘w
2 3
2] 2]
ol | 10°}
10°) .
10°F | 1
. 7
K 107+ before correction W
after corection
10° . . . 10° , .
10" 10° 10' 10° 10° 10" 10° 10' 107 10°
fHz Hz
¢) M, direction, 90° wind angle d) M,, direction, 90° wind angle

Fig. 5. The PSD of overturning moments before and after correction (using the knocking method)

If the dynamic parameters of model-balance system are identified through the method
proposed in this study, better correction results can be obtained. Some selected results in typical
wind directions are shown in Fig. 6. Compared to the conventional knocking method, better
correction results are achieved by adopting the proposed method in this study. Meanwhile, some
singular points on the PSD curve degrade the correction quality. For instance, in Fig. 6(b) and
6(d), there are some singular points near the natural frequency of the model-balance system. These
singular points make the PSD of M,, unsmooth even after the correction. This phenomenon may
be due to the noise component in the measured signal in wind tunnel tests. It should be eliminated
using some signal processing techniques like wavelet transform, but this study does not cover this
issue.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, IsSUE 5. ISSN 1392-.8716 2617



1701. A NEW METHOD FOR DYNAMIC PARAMETERS IDENTIFICATION OF A MODEL-BALANCE SYSTEM IN HIGH-FREQUENCY FORCE-BALANCE
WIND TUNNEL TESTS. AN XU, ZHUANGNING XIE, MING GU, JIURONG WU

before correction before correction
10" after correction after correction
10° ]
10°E J
10% k! 102 1
tIJE 10 [
4
10 N
10°L ]
5
10°L J
10° ]
107k ]
5
10° . . . 10°L . . .
10" 10° 10" 107 10° 10" 10° 10’ 10° 10°
fiHz fiHz
. . . . . o
a) M, direction, 0° wind angle b) M,, direction, 0° wind angle
10° ‘ ‘ . 10" ; ‘ .
before correction before correction
after correction 102 after correction
1071 |
10°L
2
0% f 'l
x 2
U)S (%] 5
ol | 10°}
10°}
"
10°h |
107}
10° . . . 10° = - = ,
10" 10° 10' 10% 10° 10 10 10 10 10
fiHz fiHz
. . . . . o
¢) M, direction, 90° wind angle d) M,, direction, 90° wind angle

Fig. 6. PSD of overturning moments of CAARC before and after correction using the proposed method

Fig. 7. ZCC building model in wind tunnel tests

3.2. Example II: the Zhuoyue century center

The previous example is a hypothetical building, and in this section, an actual building with
rectangular cross-section is considered to examine the effectiveness of the proposed method. The
ZCC, which is 280 m high with 68 stories, is located in Shenzhen, China. The HFFB wind tunnel
test of ZCC was carried out in the boundary wind tunnel of the South China University of
Technology. According to the Chinese load code for the design of building structures
(GB 50009-2012), the exposure category C (corresponding to exponents of the power law of mean
wind profile of 0.22) are simulated at a length scale of 1/400 by setting spires, barriers and rough
element in the test area. The building model in the test area of the wind tunnel is shown in Fig. 7.
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The base forces and moments of the model were measured by an ATI force balance with sampling
frequency of 400 Hz and sampling length of 40960. Wind direction varied from 0° to 350° with
incremental step of 10° in the wind tunnel test.

72

7
/

~
o

Frequency(Hz)
()] [}
© ©

(2]
’_‘\l

D
(=2}

Wind angle(°)
a) Natural frequency

Damping ratio(%)

| | |
l l l l
1 1 1 |
0 50 100 150 200 250 300 350
Wind angle(®)
b) Damping ratio
Fig. 8. Identified dynamic parameters of the model-balance system of ZCC

The proposed method is adopted to identify the natural frequency and damping ratio of the
model-balance system. The obtained results are shown in Fig. 8. As well as the previous example,
the identified natural frequency varies slightly with wind directions, and the identified damping
ratio varies significantly with wind directions. Moreover, Fig. 8(b) shows the approximate
symmetry of the identified damping ratio around 180° wind angle in both M, and M,, direction,
rasing the possibility that acrodynamic damping is an important part of a model-balance system.

The identification results shown in Fig. 8 are adopted to modify the measured PSD of the
overturning moments at the base of the ZCC model. Fig. 9 shows the comparison of the PSD
before and after correction. Good results are achieved though adopting the proposed method.

It should be pointed out that the correction quality is closely related to the quality of the
measured PSD. If the measured PSD is highly smoothed, the corrected PSD would be of higher
quality, otherwise, there would be some burrs on the corrected PSD, as shown in Figs. 6(a) and
(d). In general, if the natural frequency of the model-balance system is relatively low, the measured
force or torque signal is usually of high signal-noise-ratio, and thus better results can be achieved
through the proposed method.

3.3. Example III: the Guangzhou east tower

The previous two examples are tall buildings with rectangular cross-section, and in this
section, an actual building with nonrectangular cross-section is considered to examine the
effectiveness of the proposed method. The GZET, which is 530 m high with 112 stories, is located
in Guangzhou, China. Its main structure has been completed in October, 2014, and now it is the
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tallest building in Guangzhou and the second tallest building in South China. Fig. 10 shows a
model mounted in the wind tunnel. The HFFB wind tunnel test of the GZET was carried out in
the boundary wind tunnel of the South China University of Technology as well. According to
ESDU’s suggestion, the power law of mean wind profile was simulated as 0.22. The force and
torque at the base of the building model was measured by an ATI balance with sampling frequency
of 400 Hz and frame number of 40960. Wind direction varied from 0° to 350° with incremental
step of 10° in the wind tunnel test.
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Fig. 9. PSD of overturning moments of ZCC before and after correction using the proposed method

Fig. 10. GZET model in wind tunnel tests

Using the method presented in this study, the natural frequency and the damping ratio for all
wind directions are determined, as shown in Fig. 11. The damping ratio varies in a wide range in
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both the M,, and M,, direction. It may be attributed to the influence of aerodynamic damping due
to nonrectangular cross-section of the building. In some special wind directions, the aerodynamic
damping ratio may be negtive. Therefore, the total damping ratios under those wind directions,
for instance the wind direction of 60° and 90°, are very small and even close to zero.
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Fig. 11. Identified dynamic parameters of the model-balance system of GZET

Fig. 12 shows the PSD of the overturning moments M, and M,, after correction under the wind
direction of 0° and 90°. The PSD before correction is also presented for comparison. It can be seen
that the amplification cause by the model-balance system in the high frequency band is eliminated
effectively, thus verifying the correctness of the proposed method. The aforementioned three
examples also show that the assumption shown in Eq. (9) is reasonable. That is, in a specific
frequency range in the high frequency band, the PSD of overturning moment is linear with the
frequency in double logarithm coordinate.

4. Conclusions

The methodology for identification of the natural frequency and damping ratio of
model-balance system in HFFB wind tunnel tests is presented. This method is capable of
identifying the natural frequency and damping ratio of a model-balance system without additional
knocking tests. Base on the assumption that the PSD of the overturning moment as the base of the
model be linear with the frequency in double logarithm coordinate, the natural frequency and
damping ratio of the model-balance system can be identified directly using the wind tunnel test
data. Unlike results obtained through knocking tests, using the proposed method in this study, the
identified damping ratio of the model-balance system usually changes with wind directions. It
contains not only the structural damping but also the aerodynamic damping of the model-balance
system. Compared to the conventional knocking method, the proposed method is easy
implemented and more accurate in identification of dynamic parameters of a model-balance
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system in wind tunnel tests. Three examples are presented to illustrate the applications and
effectiveness of the proposed method, and it is found that the obtained PSD after correction is
quite satisfactory. Overall, the approach provides an easily implemented and more accurate new
way to determine dynamic parameters of model-balance system in wind tunnel tests.
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Fig. 12. PSD of overturning moments of GZET before and after correction using the proposed method
Acknowledgements

The work described in this paper is fully supported by grants from the National Science
Foundation of China (51278204, 51208127, 51478130), the Natural Science Foundation of
Guangdong Province, China (S2012010009831) and the Project of Science and Technology of
Guangzhou, China (2014J4100141). The financial supports are gratefully acknowledged.

References

[1] Tschanz T., Davenport A. G. The base balance technique for the determination of dynamic wind
loads. Journal of Wind Engineering and Aerodynamics, Vol. 13, 1983, p. 429-439.

[2] Xie J., Irwin P. Application of the force balance technique to a building complex. Journal of Wind
Engineering and Aerodynamics, Vol. 77, Issue 8, 1998, p. 579-590.

[3] Bernardini E., Spence S. M. J., Kareem A. A probabilistic approach for the full response estimation
of tall buildings with 3D modes using the HFFB. Structure Safety, Vol. 44, 2013, p. 91-101.

[4] Bernardini E., Spence S. M. J., Gioffre M. Effects of the aerodynamic uncertainties in HFFB loading
schemes on the response of tall buildings with coupled dynamic modes. Engineering Structures,
Vol. 42,2012, p. 329-341.

2622 ©JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, ISSUE 5. ISSN 1392-8716



1701. A NEW METHOD FOR DYNAMIC PARAMETERS IDENTIFICATION OF A MODEL-BALANCE SYSTEM IN HIGH-FREQUENCY FORCE-BALANCE
WIND TUNNEL TESTS. AN XU, ZHUANGNING XIE, MING GU, JIURONG WU

[S] Spence S. M. J., Bernardini E., Gioffre M. Influence of the wind load correlation on the estimation
of the generalized forces for 3D coupled tall buildings. Journal of Wind Engineering and Industrial
Aerodynamics, Vol. 99, 2011, p. 757-766.

[6] Lam K. M., Li A. Model shape correction for wind-induced dynamic responses of tall building using
time-domain computation and wind tunnel tests. Journal of Sound and Vibration, Vol. 322, 2009,
p. 740-755.

[71 XieZ. N., Gu M. Simplified formulas for evaluation of wind-induced interference effects among three
tall buildings. Journal of Wind Engineering and Aerodynamics, Vol. 95, 2007, p. 31-52

[8] CluniF., Gusella V., Spence S. M. J., Bartoli G. Wind action on regular and irregular tall buildings:
higher order moment statistical analysis by HFFB and SMPSS measurements. Journal of Wind
Engineering and Aerodynamics, Vol. 99, 2011, p. 682-690.

[9] Tschanz T., Davenport A. G. The base balance technique for the determination of dynamic wind
loads. Journal of Wind Engineering and Industrial Aerodynamics, Vol. 13, 1983, p. 429-439.

[10] Zhao X. Ding J. M., Suna H. H. Structural design of Shanghai Tower for wind loads. Procedia
Engineering, Vol. 14, 2011, p. 1759-1767.

[11] Chan C. M., Huang M. F., Kwok K. C. S. Integrated wind load analysis and stiffness optimization
of tall buildings with 3D modes. Engineering Structures, Vol. 32, Issue 5, 2010, p. 1252-1261.

[12] XieJ. M., Garber J. HFFB technique and its validation studies. Wind and Structures, Vol. 18, Issue 4,
2014, p. 375-389

[13] Holmes J. D. Mode shape corrections for dynamic response to wind. Engineering Structures, Vol. 9,
1987, p. 210-212.

[14] Bernardini E., Spence S. M. J., Seymour M. J., Kareem A. A probabilistic approach for the full
response estimation of tall buildings with 3D modes using the HFFB. Structure Safety, Vol. 44, 2013,
p.- 91-101.

[15] Chen X. Z., Kareem A. Validity of wind load distribution based on high frequency force balance
measurements. Journal of Structural Engineering-ASCE, Vol. 131, 2005, p. 984-987.

An Xu is now studying for a Doctor’s degree in State Key Laboratory of Subtropical
Building Science, South China University of Technology, Guangzhou, China. His current
research interests include wind engineering, structural vibration, etc.

Zhuangning Xie received Ph.D. degree in Tongji University, Shanghai, China, in 2004.
Now he is a Professor working at South China University of Technology. His current
research interests include wind engineering, structural vibration.

Ming Gu received Ph.D. degree in Shanghai JiaoTong University, China, in 1988. Now
he is a Professor working at Tongji University, Shanghai, China. His current research
interests include wind engineering, structural vibration and bridge engineering.

Jiurong Wu received Ph.D. degree in City University of Hongkong, China. Now he is a
Professor working at Guangzhou University, China. His current research interests include
wind engineering, structural vibration.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2015, VOLUME 17, IsSUE 5. ISSN 1392-8716 2623




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


