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Abstract | fFE

The Raffles City Chongqing project is one of the largest developments in the world. Located
between Chao Tian Men Square and Jiefangbei in Yuzhong District, Chongging China, it is

a curved line of eight towers 182-310 meters tall, bent to resemble masts. A bridge (called
conservatory) connecting Towers 2 and 5 passes through towers T3N and T4N and structurally
link these 4 towers. In addition to the bridge, wind load challenges include multi-tower
interference and the complex local terrain. Due to the complex wind loading, RWDI and
CapitalLand conducted tests to the structural model in RWDI's wind tunnels. RWDI obtained site
wind profiles incorporating the effect of nearby hills and mountains through topographical
study. Both High Frequency Force Balance and Pressure Integration methods were used in the
wind-induced structural response study. The wind loads thus obtained were then used for the
structural design. A multi-force-balance system was used to analyze.

Keywords: Multi-Structure, Topographical Wind Field Measurement, Wind Induced
Structure Responses, Wind Loads
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Wind induced structural loads on structurally
linked towers are extremely complicated

and require high-level wind tunnel testing
and engineering analysis. The linkages can
be in different forms, such as podiums, sky
bridges, and others. Two important effects
are of the greatest concern to designers: (a)
Due to the proximate nature of the towers,
wind flows can cause complicated effects
between the towers, such as shelter effect and
wake buffeting, and (b) different structural
responses of individual towers result in

the transfer of loads through the structural
linkages. Therefore, in order to provide

viable design data for responses to the wind,
multi-structure testing and analysis must be
conducted for linked structures.

ZIEN/75% (Reinhold, 1977,

Xie, 2001) ZEEEF—MEEM AR B
M ETE—BINARF L, EEE
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5o (HFPI)  (Irwin, 1995) FE[E—AE
ENHEEMER LANESNE, £
MTES, B E—AY B PNE AR X
[EERIEMIN. NEsNIAieflE5m
MERIEN B —EMAIELER (Dragoiescu
C, 2006) FAALFMMITEER . A
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The multi-force-balance (MFB) method
(Reinhold, 1977; Xie, 2001) considers each
tower as being mounted on an individual
high-frequency force-balance and tested

as an individual substructure. The links
between the substructures are disconnected.
The tests ensure only the wind loads on

each substructure are measured by the
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corresponding force balance simultaneously.
The analysis uses the simultaneous loads on
each tower to account for their structurally
linked nature. The high-frequency-pressure-
integration (HFPI) testing (Irwin, 1995)

then measures the pressure taps that are
distributed on all towers and linkages. During
the analysis, the simultaneous pressures are
integrated and wind induced multi-structure
responses are obtained. The comparison of the
high-frequency—-force-balance (HFFB) method
and the HFPI method are studied for single
structures (Dragoiescu C, 2006) and shows
good agreement between the two methods.
However, multi-structure systems have not
been studied. This study presents results and
comparison between MFB and HFPI. When the
architect designs have complicated features,
such as balconies, fins, etc, the constraints

of HFPI exist and the tributary areas of taps
must be correctly calculated. Hence, in this
study, the number of taps and the tap layout
are carefully designed with engineering
judgement and experience.

The structure design on linked towers

must consider: (a) The overall loads on the
whole structure, including correlations and
phases from each substructures, and (b) the
interacting loads between the substructures,
including loading transferred through the
linkage and the loads on the linkages induced
by individual towers (Xie, 2005).

The Raffles City Chongging (RCCQ) project is
one of the largest developments in the world.
Located between Chao Tian Men Square and
Jiefangbei in Yuzhong District, Chongging,
China, itis a curved line of eight towers 182m

to 310m tall, each bent to resemble masts.

A conservatory atop Towers 2 and 5 passes
through four other towers. From Figure 1,

one can see the towers have a complex
geometry, such as large numbers of balconies.
In order to obtain reliable results, both high-
frequency-force-balance (HFFB) and HFPI
methods were used in the wind-induced
structural response study (Figure 1). The winds
loads thus obtained were then used for the
structural design. An MFB system was used to
analyze the structurally linked towers.

In addition to the linked bridge, wind load
challenges included multi-tower interference
and the complex local terrain. The site wind
profiles incorporating the effect of nearby hills
and mountains through topographical wind
field measurements were also obtained by
wind tunnel measurements.

This paper presents the wind profile
simulation method and results from the
topographical wind field measurement and
analysis. Further, wind induced structural
responses are discussed, including wind loads
further on the linked intermediate towers.

Experimental Setup

General Setup

The studied building complex consists of
eight towers, as shown in Figure 2. The
structure plan can be seen in Figure 3. Six
towers have connecting linkages in the form
of sky bridges. There are walking bridges
connecting Towers 3N and 3S and Towers 4N

Figure 1. Wind tunnel photo for HFPI test (Source: CapitaLand and RWDI)
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Figure 2. RCCQ development (Source: CapitaLand and RWDI)

2. EFCREL HINE CRR: JUEHRESRWDI)

Figure 3. Coordinate systems for structural loading (Source: CapitaLand and RWDI)
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and 4S. However, there are expansion joints
on these bridges so that these towers are not
considered as being structurally linked. A sky
bridge conservatory sits on the tops of towers
2,3S,4S and 5, and is structurally connected
to all four towers (Figure 2).

For the MFB test, a 1:400 scale force-balance
model of the proposed development was
constructed using the architectural drawings.
The model was tested in the presence of all
existing surroundings within a full-scale radius
of 460m in a boundary layer wind tunnel
(Figure 4). The models of towers 2, 35, 3N,

4S, 4N and 5 were mounted on six force-
balance flexures and tested simultaneously.
Similarly, a 1:400 scale HFPI model of the
whole development was constructed and

the models of towers 2, 35, 4S, and 5 were
instrumented with 1,000 pressure taps. During
the wind tunnel test, these pressure taps

were measured simultaneously by using a
Scanivalve system with 1,024 channels.

Due to the size of the model, we consider the
blockage effect on the test results. Corrections
for the blockage effect for bluff bodies were
investigated by Maskell (1963) and Gould
(1969) and they found that most blockage
effects can be corrected for by assuming that
the reference dynamic pressure. Irwin (1979)
investigated the related problem of the effect
of a ramp on the boundary layer profile. These
approaches are applied in the wind tunnel
test and analysis.

Topographical Measurements

In the lowest layer of the atmosphere, the
wind is slowed down due to the drag effect
of features on the Earth’s surface such

as vegetation, the ground roughness

and human construction. Within this
atmospheric boundary layer, the mean
wind speed generally increases with height
until the top of the layer is reached, at which
point surface drag no longer plays a role. The
mean speed implies an average speed over a
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period of about one hour. The height of the
boundary layer is variable but, in strong winds,
can be 1,000 m or more (see ESDU).

Chongging is well known as a hilly city
which is also surrounded by hills and low
mountains. Special consideration was
required to provide appropriate modeling
of the wind characteristics at the RCCQ
project site. The mountains and valleys
surrounding the site can produce various
effects on the wind velocity, turbulence
intensity and local wind direction at the site.
In the absence of full scale measurements,
which would be extremely difficult to
obtain, these effects are best determined
through topographical model studies. Using
a 1:3,000 scale topographical model study,
the wind characteristics at the study site
were determined and then simulated for the
subsequent 1:400 scale model (Figure 5).

By varying the floor roughness and turbulence
generators, the effects of various types of
terrain roughness upwind of the turntable

can be reproduced at model scale. A detailed
explanation of these techniques is provided
by Irwin (1979).

In strong winds, the mean speed profile in
the atmospheric boundary layer over most
terrains is found to be well represented by the
power law expression:

Z a
9 9
Zg

Where U is mean wind speed; Ug is gradient
wind speed (value of U at the top of the
boundary layer); Z is height above zero plane
displacement height, i.e, d; Zgis depth of
boundary layer, i.e, gradient height; and a

is surface roughness index. Note that the
vertical height, Z, is referenced from the zero
plane displacement height, d. The value of d
may be determined from Simiu and Scanlan
(1978). A representative value of d for urban
terrain is 20 m. For open and suburban
terrains, d is insignificant.

The velocity scaling factor, F, is based on the
concept of matching peak gust pressure
between the two scale models at the
matching heights at full scale, as required by
the Building Code of China, GB50009-2012
which led to the following expression:

U, = F-U,

00m_open

F:{Uz[ng-fu(z)]} { Uy

U. U1+ glu(z)]}m00

500m_open

Where z is the height of interest, Uz is the
mean wind speed measured at the height of
interest, lu(z) is the turbulence intensity at the
height of interest, U500m_open is the wind
speed specified at 500 m above open terrain,
Uref is the mean wind speed measured at the
reference height (480 m) on the 1:400 scale
model, and g is the peak factor, defined as
the ratio of the peak velocity fluctuation to
the rms velocity. The comparison of the mean
speed profiles and peak gust speed profiles at
both matching heights will be provided on a
direction-by-direction basis in the study.

RS1&
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Figure 4. Wind tunnel photo for MFB test (Source: CapitaLand and RWDI)
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Figure 5. Topographical wind tunnel photo (Source: CapitaLand and RWDI)
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Wind Climate

In order to predict the full-scale wind
pressures acting on the building as a function
of return period, the wind tunnel data were
combined with a statistical model of the local
wind climate. The wind climate model was
based on local surface wind measurements
taken at Chongging Meteorological Station,
WMO #57516, between 1987 and 2010. The
location of the Chongqing Meteorological
Station is approximately 12 km west of the
project site.

The wind climate model was scaled so that
the magnitude of the wind velocity for the
100-year return period corresponded to a
mean hourly wind speed of 458 m/s at a
height of 500 m above ground in open terrain.
This value is consistent with that identified in
the Building Code of China, GB50009-2012.

Wind records taken from one or more
locations near to the study site are generally
used to derive the wind climate model.

The data are analyzed to determine the
probabilities of exceeding various hourly
mean wind speeds from within each of 36
wind sectors at an upper level reference
height above open terrain. This coincides
with the height used to measure the reference
dynamic pressure in the wind tunnel.

Results and Discussion

For the purpose of conducting an appropriate
analysis, the development was divided into
four substructures as described below:

1.Substructure 1 corresponds to Tower
2 and its tributary portion of the
Conservatory (to midway between
Towers 2 and 35)

2.Substructure 2 corresponds to Tower
3S and its tributary portion of the
Conservatory (from midway between
Towers 2 and 3S to midway between
Towers 3S and 49)

3.Substructure 3 corresponds to Tower
4S and its tributary portion of the
Conservatory (from midway between
Towers 3S and 4S to midway between
Towers 4S and 5)

4.Substructure 4 corresponds to Tower
5and its tributary portion of the
Conservatory (to midway between
Towers 4S and 5)

The reference axis system used to define the
forces and moments for the entire structure
and individual substructures is illustrated in
Figure 3.

After wind tunnel tests of both MFB and HFPI
model systems, the test data were analyzed
with the building structure properties.
Fourteen mode shapes were included in the
consideration. Test results for the important
model shapes can be seen in Figure 6, which
shows that wind induced responses on
different model shapes caused significantly
different tower interactions. The Tst and 2nd
models are Y direction sway and X direction
sway of the 4 towers simultaneously with
the periods of 6 seconds and 4.53 seconds,
respectively. The 3rd mode is the torsion

of the entire structure with the period of
343 seconds. The higher modes become
more complicated that the individual
towers behave very different due to the
complications of the structure system and
linkage constraints. Therefore, wind induced
structure responses of each structure at
different mode shapes and frequencies can
be excited by strong winds and the multi
substructure dynamic analysis takes into
account these impacts on the structures.

The overall wind-induced 100-year return
period loads for each wind direction are
presented in Figures 73, 7b, 7¢, and 7d for
Towers 2, 3S,4S, and 5, respectively. The
loads in these figures are the values based on
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Figure 6. Selected mode shapes (Source: CapitaLand and RWDI)
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the design wind speed, assuming this wind
speed applies equally in all directions. The
square symbols are the mean wind loads,
the diamond symbols are the maximum
loads, and the triangle symbols are minimum
loads. This information simply illustrates
the raw source data used in predicting the
peak design loads. These figures present
the result comparisons of the MFB and

HFPI test systems. Between the tests of MFB
and HFPI, there were some minor design
changes, such as a small bridge added
between towers T3S and T3N and some
structure property revision. Due to these
minor differences in geometry, the results
show some discrepancies. However, the
overall comparisons are close and within
experimental error allowances.

From the wind responses in Figure 7, it can
be seen that the maximum and minimum
loads of each substructure do not happen
at the same wind direction. Based on the
time history of the simultaneous wind
tunnel measurement, the peak loads of the
individual substructure do not happen at
the same time too. Therefore, individual
tower measurements and analysis may
provide peak loads for each tower, but
summation of the peak loads of individual
towers may lead to conservative results
and may cause structure over design. In
order to achieve optimum design, based
on these results, multi structure analyses
were conducted. Figure 8 illustrates some of
the loading combinations for the structural
design that considered different responses
from individual towers. The loads were
determined using the first 14 building
vibration frequencies. The loads have been
provided for a total damping ratio of 2%.

In using the predicted effective static wind
loads, it is important to consider how the x, y,
and z components of the wind load should
be combined when applying them to each
substructure. For the structural design of
each individual substructure, as well as the
entire structure, the set of recommended
load combination factors provided in Table
1 were considered with the simultaneous
application of the wind loads provided

as the results of the analyses. These are

the load combinations that will produce
the peak overall wind-induced loads for
each substructure as well as for the entire
structure. There are 122 load combinations
obtained and provided, which represent
each of eight possible sign sets (+++, ++-,
+-+, etc.) with each component - Fx, Fy,
and Mz — for one or more diaphragm, or
the entire structure, reaching its individual
maximum percentages for that sign set.

Figure 7a. Raw overall base moments of Tower 2 at “Base” - 100 year return period wind speed (Source: CapitaLand and

RWDI)
E7a HEoMERSEXFEH——100FEMANRE KR JEHESRWDI)

Figure 7b. Raw overall base moments of Tower 3S at“Base” - 100 year return period wind speed (Source: CapitaLand

and RWDI)
E7b. E3SHERSHEMNETH ——100FEIENR (K JIEFRESRWDI)

Figure 7c. Raw overall base moments of Tower 4S at“Base” - 100 year return period wind speed (Source: CapitaLand

and RWDI)
E7c. BASHERSHENFH——100FEMENR KR JUEFHESRWDI)

Figure 7d. Raw overall base moments of Tower 5 at “Base” - 100 year return period wind speed (Source: CapitaLand and

RWDI)
E7d. BSWERSENFTH——100FEMANE KK HEFRESRWDI)
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Load Tower 2 Tower 3S Tower 45 Tower 5
Combination Loads from Table 3b-1 x Loads from Table 3¢c-1 x Loads from Table 3e-1 x Loads from Table 3g-1 x
Load Combination Factor Load Combination Factor Load Combination Factor Load Combination Factor

1a +100% x Fx2 | +35% x Fy2 +40% x Mz2 | +50% x Fx3S | +20% x Fy3S | +20% x Mz3S | +35% x Fx4S | +20% x Fy4S | +20% x Mz4S | +55% x Fx5 +20% x Fy5 +20% x Mz5

2a +100% x Fx2 | +35% x Fy2 -55%xMz2 | +50% x Fx3S | +20% x Fy3S | -45% x Mz3S | +35% x Fx4S | +20% x Fy4S | -40% x Mz4S | +55% x Fx5 +20% x Fy5 -30% x Mz5

3a +100% x Fx2 -30% x Fy2 +40% x Mz2 | +50% x Fx3S | -10% x Fy3S | +10% x Mz3S | +35% x Fx4S | -10% x Fy4S | +10% x Mz4S | +55% x Fx5 -20% x Fy5 +10% x Mz5

4a +100% x Fx2 -30% x Fy2 -55%xMz2 | +50% x Fx3S | -10% x Fy3S | -45% x Mz3S | +35% x Fx4S | -10% x Fy4S | -40% x Mz4S | +55% x Fx5 -20% x Fy5 -30% x Mz5

5a -75% x Fx2 +30% x Fy2 +30% x Mz2 | -80% x Fx3S | +10% x Fy3S | +20% x Mz3S | -75% x Fx4S | +10% x Fy4S | +30% x Mz4S | -45% x Fx5 +10% x Fy5 +20% x Mz5

6a -75% x Fx2 +30% x Fy2 -35% x Mz2 -80% x Fx3S | +10% x Fy3S | -20% x Mz3S | -75% x Fx4S | +10% x Fy4S | -20% x Mz4S -45% x Fx5 +10% x Fy5 -20% x Mz5

7a -75% x Fx2 -50% x Fy2 +30% x Mz2 | -80% x Fx3S -15% x Fy3S | +20% x Mz3S | -75% x Fx4S | -15% x Fy4S | +30% x Mz4S | -45% x Fx5 -10% x Fy5 +20% x Mz5

8a -75% x Fx2 -50% x Fy2 -35% x Mz2 -80% x Fx3S | -15%x Fy3S | -10%x Mz3S | -75% x Fx4S | -15% x Fy4S | -10% x Mz4S -45% x Fx5 -10% x Fy5 -10% x Mz5

9a +55% x Fx2 | +100% x Fy2 | +30% x Mz2 | +30% x Fx3S | +60% x Fy3S | +20% x Mz3S | +30% x Fx4S | +20% x Fy4S | +45% x Mz4S | +20% x Fx5 +20% x Fy5 +25% x Mz5

10a +55% x Fx2 | +100% x Fy2 | -45%xMz2 | +30% x Fx3S | +60% x Fy3S | -50% x Mz3S | +30% x Fx4S | +20% x Fy4S | -20% x Mz4S | +20% x Fx5 +20% x Fy5 -20% x Mz5

Figure 8. Load combination factors for simultaneous application of effective static wind loads. (Source: CapitaLand and RWDI)
E8. FXEHNETHNBRETHAARE KR HEFESRWDI)
Load Conservatory 2 Conservatory 3S Conservatory 4S5 Conservatory 5
Combination Loads from Table 3i-1 x Loads from Table 3j-1 x Loads from Table 3k-1 x Loads from Table 3I-1 x
Load Combination Factor Load Combination Factor Load Combination Factor Load Combination Factor

27 +20% x -60% x +20% x| +25% x -20% x +30% x -25%x | +50% x -20% x +30% x -20%x | +50% x -20% x +30% x -20%x | +25% x
Fx2 Fy2 Mz2 Fz2 Fx3S Fy3S Mz3S Fz3S Fx4S Fy4s Mz4S Fz4S Fx5 Fy5 Mz5 Fz2

28 +20% x -60% x -30%x | +25% x -20% x +30% x +30% x | +50% x -20% x +30% x +30% x| +50% x -20% x +30% x +30% x| +25% x
Fx2 Fy2 Mz2 Fz2 Fx3S Fy3S Mz3S Fz3S Fx4S Fy4s Mz4S Fz4S Fx5 Fy5 Mz5 Fz2

29 -20% x +80% x -30%x | +25% x +20% x -25% x +20% x | +50% x +20% x -35% x +40% x | +50% x +20% x -35% x +20% x | +25% x
Fx2 Fy2 Mz2 Fz2 Fx3S Fy3S Mz3S Fz3S Fx4S Fy4s Mz4S Fz4S Fx5 Fy5 Mz5 Fz2

30 -20% x +80% x +20% x | +25% x +20% x -25% x -40% x| +50% x +20% x -35% x -30%x | +50% x +20% x -35% x -20%x | +25% x
Fx2 Fy2 Mz2 Fz2 Fx3S Fy3sS Mz3S Fz3S Fx4S Fy4s Mz4S Fz4S Fx5 Fy5 Mz5 Fz2

31 +80%x | -20%x -20%x | +25%x -35%x | +20%x | +20%x | +50% x -45%x | +20%x | +20%x | +50% x -20%x | +20%x | +20%x | +25%x
Fx2 Fy2 Mz2 Fz2 Fx3S Fy3s Mz3S Fz3S Fx4s Fy4s Mz4s Fz4S Fx5 Fy5 Mz5 Fz2

12 +80%x | +20%Xx | -20%Xx | +25%X -35% x -20%x | +20%Xx | +50% x -45% x -20%x | +20%Xx | +50% x -20% x -20%x | +20%Xx | +25%x
Fx2 Fy2 Mz2 Fz2 Fx3S Fy3S Mz3S Fz3S Fx4S Fy4S Mz4S Fz4S Fx5 Fy5 Mz5 Fz2

33 -45% x -20% x -20%x | +25% x +60% X +20% x +20% x| +50% x +40% x +20% x +20% x| +50% x +40% x +20% x +20% x| +25% x
Fx2 Fy2 Mz2 Fz2 Fx3S Fy3S Mz3S Fz3S Fx4S Fy4s Mz4S Fz4S Fx5 Fy5 Mz5 Fz2

34 -45% x +20% x -20%x | +25% x +60% X -20% x +20% x | +50% x +40% x -20% x +20% x | +50% x +40% x -20% x +20% x | +25% x
Fx2 Fy2 Mz2 Fz2 Fx3S Fy3S Mz3S Fz3S Fx4sS Fy4s Mz4S Fz4S Fx5 Fy5 Mz5 Fz2

Figure 9. Differential load combination factors for simultaneous application of effective static wind loads. (Source: CapitaLand and RWDI)

E9. SMHNEFHNERTHASGRE CER: HEFESRWDI)

For example, Load Combination 1a in Figure
8 requires the simultaneous application of
the following:

+100% of the Fx2 loads, +35% of the
Fy2, and +40% of the Mz2 for Tower 2.

+50% of the Fx3S loads, +20% of the
Fy3S, and +20% of the Mz3S for Tower
35,

+35% of the Fx4S loads, +20% of the
Fy4S, and +20% of the Mz4S for Tower
4S; and,

+55% of the Fx5 loads, +20% of the
Fy5, and +20% of the Mz5 for Tower 5.

The tests of all four towers are conducted
simultaneously so that the dynamic
responses can be considered to be
happening at the same time. Interestingly,
one can see that the maximum wind-
induced structural loads for the entire
structure do not occur at the time that all
towers are experiencing maximum loads.

The multi-substructure analysis shows the
load combinations that provide optimized
loads for the design of the entire structure
and save the extra construction cost from an
unnecessarily conservative approach.

In order to design for the loads of the towers
acting on the conservatory linkage (e.g.,
compression, tension and shear), differential
load cases also need to be considered. As an
example, Figure 9 provides the maximum
differential loading scenarios (i.e., tension,
compression, shear) on the link between
Tower 2 and Tower 3S. The differential
loading scenarios of Tower 3S and Tower

4S, and Tower 4S and Tower 5 were also
subjected to the same analysis but are not
included as part of this paper.

I —
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BHEENT, JFEREREERS NRIR
S PTESRNXURES. BT ZFEMENS T,
BRI ER P IS EIS R

B7a. 7b. 7chI7dnBILAE T X

B2, 3s. 4sMI5 EAEIMIERY100[E]YTER
BN, XN ERE TR NRE
£, HEREINAHEAXE R, B,
FIARRTINGEE, SRAAEREANE
H, —AIAERE N, XEEER
BT ATTEIEE S HTHARIGEIE.
XEEE LG, T MFBROIHFPRRZOHIELE.
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IRRALEBEERE A, ERITLUARTER
ZOEA,
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Conclusions

1.Structural links may have significant
effects on wind-induced dynamic
response. Only proper wind tunnel
tests and multi-substructure dynamic
analyses can provide a sufficient
number of wind load cases to meet
structural design needs.

2.Multi-substructure dynamic analysis
based on simultaneous testing of
MFB or HFPI model systems can
provide optimized wind loading so
that more economical designs can
be achieved.

3.MFB and HFPI model systems both
can provide good results and the
comparison of test results shows good
agreement between the models.

4.The Multi-force-balance system (MFB)
is a practical method for studying
structurally linked tower structures
and provides accurate results for the
structure design.

EE7HRETRNNENR, FJELARE
FEMPWER. RMIESREREER—
MBI L. BN MUFANLAAENIE, XL&E
IFEREHEARRN ZERN. KLt SEN
ERAT RS MENIEERE, BE%
RUEREIRNNF] BEE AL B RTHIEIR
Tte ATIRBWRT, ASCHIT T 5450
7. B8R T —LEN BB AN, MR EL
PG AEM TR ERIAR, &
BATHERIZ 2%

EERFIEHMTHN, WA SR,
X, y, and z ORI EFH THGFNA
B . WTEMRIRTE, R—FAE
TENAEHAS. XERHEGEB
EFEMBEARENIEERN. —HF
122MEHAS, NRAXAENTEHEG
(+++, ++—, +—+F) TENEHNE
(Fx, FyMIMz) B, siEBEEMATIZ
NE FHRAE,

teal, EEISHREHAS 1 aFEENEE:

IFFE2, +100% B9 Fx2, +35%
B Fy2, DUR +40% HY Mz2 .

WFE3S,+50% B Fx3S, +20%
B9 Fy3S, BN +20% B9 Mz3S,

WFIEAS, +35% B Fx4S |, +20%
B FyaS, UK +20% B Mz4S,

WNFEE5, +55% MY Fx5, +20%

1 Fy5, DU +20% B9 Mz5 ,
FTENMERRNE, SXHRRIERN]
Mory AT ABIRS & . BlRE, AR
MEERRE R EEF BB AN AN,
MBEHE, FEEATERNTEAGRME T
BN H B T BT ERTHIE
ISR RIINEIS B A

XTI AN NEE, A SO EHY
FEHASHIT T ER. thal, EORMTE
MUESSERL WIS ANEE (R
71, EARE) o WTIE 3S M1 184S,
DR, HEASHUESHUEERQL, AT T
BRI, ERTRIE L TRAR.
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