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of super high-rise buildings. Relevant research results on the
performance of high-rise structures under wind loads and
earthquakes have been widely used in his projects.
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Abstract | {HE

Currently under construction, Golden Eagle Plaza is slated to be the highest rigid-connected
building in the world. The building consists of three supertall towers of over 300 meters, which
are connected at the height of approximately 200 meters by a six-story sky lobby. The longest
span of the sky lobby exceeds 70 meters. The dynamic properties and coupling effects brought
on by the six-story sky lobby and the individual towers are discussed in this paper. A method
based on sinusoidal excitation was applied to detect the development’s seismic weakness.
Characteristics of the wind load and key points on the design of the sky lobby are expounded.
Research concludes that the seismic performance of this connected structure is quite different
from that of a single tower. Some regulations in present codes are inapplicable to this particular
structure. Results of the shake-table test confirm that the seismic capacity of the connected
structure is reliable and appropriate, and it is consistent with the established design objective.

Keywords: Connected Structure, Seismic, Shake-Table Test, Structure Dynamic, Supertall,

Wind Loads
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Background

Connected super high-rise structures

have inspired architects to expand their
creativity on aspects of both elevation and
layout. Currently, connected buildings with
super high-rise towers completed and
under construction are mostly twin-tower
developments, such as the Petronas Twin
Towers, the new CCTV Building (Dasui
2008), and Oriental Gate (Min 2012). Related
research is also concentrated on the twin-
tower structures. In recent years, connected
structures have had a tendency towards
becoming multi-tower formations. Due to
the complex mechanical properties caused
by rigid connections between towers,
multi-tower developments in general can be
designed in forms of moveable connections
by seismic bearings to simplify structural
systems. Examples of these types of towers
include the Singapore Marina Bay Sands,
Hangzhou Citizen Center (Yimin 2009), and
Beijing MOMA (Ziguo 2008).
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Figure 1 shows the Golden Eagle Plaza
structure, which consists of a super high-rise
connected building, a podium, and a parking
garage (Figure 1). The main connected
building and podiums are divided into
separate units. The main building involves
three diverse towers named Tower A (368
meters), Tower B (328 meters), and Tower C
(300 meters). This trio of towers is connected
by a six-story sky lobby at the elevation of
approximately 200 meters. The height of

the sky lobby is about 40 meters and spans
about 70 meters, making the building the
highest and longest rigid-connected triple
tower in the world. Figure 2 presents a typical
plan for the connecting floor (Figure 2). The
three towers are different not only in height,
but also in their directional orientation.

The complex structural form brought great
challenges to the designing phase. Using
this project as a case study, this paper

seeks to identify the project’s static and
dynamic properties, analyze its methods, and
provide some key focuses on the design of
similar structures.

Two-Structure Arrangement

Golden Eagle Tiandi Plaza is located

in Nanjing City, of which the seismic
precautionary intensity degree is seven.

The site is categorized as class Il and the
design earthquake is classified to group one,
according to Chinese Code GB50011-2010.
The three towers are hybrid structures of SRC
columns combined with interior concrete
tubing. Accessional belt trusses and outrigger
trusses are set up in equipment layers to
enhance the lateral stiffness of the towers. The
bottom of the concrete tubing was reinforced
with steel plates to improve ductility and
reduce the thickness of the wall. Maximum
thickness of the shear wall is 1,300 millimeters
(with a steel plating of 35 millimeters thick).

In this project, the highest concrete level

of exterior column is C70 and C60 of the
concrete tubing (with a steel plating

of Q345B).

The three towers are connected through
five-story-high (from the 43rd to 47th floor)
trusses. The main truss surrounds the sky
lobby and the three towers, serving as a
deformation coordinator as well as the lateral
stiffener. The bottom story of the sky lobby
is equipped with transfer trusses to bear the
vertical loads of the whole platform. The
highest material level of the surrounding
trusses and transfer trusses is Q390GJC. The
structure arrangement can be referred as
shown in Figure 3 (Figure 3). The damping
of the hybrid structure under frequent
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Figure 2. Plan of the connecting stories (Source: ECADI)
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Figure 1. Golden Eagle Tiandi Plaza (Source: ECADI)
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Figure 3. Structure arrangement of the Golden Eagle Tiandi Plaza (Source: ECADI)
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Mode Period(s) UX (%) UY (%) RZ (%)
1 6.84 6.46 54.15 6.34
2 6.52 62.33 7.5 2.08
3 5.86 1.16 6.99 59.99
Figure 4. Modal characteristic of connected structure (Source: ECADI)
E4. EAERSREE CBER: ERENTARER)
Mode Period(s) UX (%) UY (%) RZ (%)
1 7.72 61.15 6.81 0.08
2 7.45 6.62 57.95 0.06
3 4.73 0.09 0.03 74.09

Figure 5. Modal characteristic of Tower A (Source: ECADI)
5. MIERARSEYE CRR: EREFISTIARER)

earthquakes was four percent, according to
Technical Specification for Concrete Structures
of Tall Building (JGJ3-2010).

Structure Analysis and Design

Dynamic Properties

[tis observed that there are fixed modes of a
symmetrical connected structure. Translational
motions on x and y axes are independent to
each other, and there is no coupling between
translational motion and torsional motion
(Chunfeng 2008). Nonetheless, in this project,
there is no symmetrical relationship between
any two towers and the local coordinates

of the three towers are not uniform. In
consequence, there are no fixed basic modes
for this structure. Meanwhile, the coupling
effects of three degrees of freedom make all
modes translation-torsion hybrid. The accurate
solution of modes cannot be deduced by
solving the matrix formula, but obtained
approximately by numerical simulation.

The information on the first three modes of
the connected structure and Tower A is listed
in Figures 4 and 5 (Figure 4 & 5). It reveals that
the torsion proportion in the translational
motion of the connected structure is higher
than that of a single tower, so the first mode
shape is mixed with certain torsion (Figure 6).

For the rigid-connected structures, the
coupling response depends on the
eccentricity degree between the stiffness and
mass centers. In this project, three separate
towers'stiffness was optimized to reduce

the lateral deformation difference under
earthquakes at the range of the sky lobby. The
adjustment weakened the coupling response
of translation and torsion accordingly and,

as a result, the torsional mass participation
coefficients of the main translation modes on
the y and x directions are decreased to 6.34
and 2.08 percent.

Torsional Vibration

Because of the previously mentioned
coupling effect, connected structures are
more likely to behave with torsion movement
under the dynamic load. The seismic indices,
such as the torsional period ratio (the first
torsion period Tt to the fist translation

period T1) and the torsional displacement
ratio of the whole structure, are difficult to
satisfy the design code. The period ratio and
displacement ratio of the Golden Eagle Tiandi
Plaza are 0.86 and 1.50 (ECADI 2013), and that
of Oriental Gate are 0.88 and 1.53 (Min 2012).

However, existing dynamic time history
analysis and shake-table tests indicate that
the actual damage caused by the torsional
response of well-designed, connected
structures were not serious (Xiaohan 2011,
China Academy of Building Research 2013).
Figure 5 shows that the torsion center of the
rigid-connected structure is generally located
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Figure 6. Coupling response of translation and torsion (first mode) (Source: ECADI)
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Figure 7. Torsional response of the whole structure (third mode) (Source: ECADI)
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outside of the towers (Figure 7). It is the
phase difference of each tower’s translational
motion that leads to the torsional response
of the whole structure; as for each tower, it is
essentially translational movements, but not
individual torsion. Meanwhile, the individual
torsional mode of each tower is hard to
trigger because of the restraining of the
rigid sky lobby. In this project, the individual
torsional modes of the three towers occur at
the sixth, 11th, and 15th mode, respectively.
Torsional period ratios are merely 0.32,0.21,
and 0.17, respectively.

Take Tower A for example; Figure 8 shows its
torsional displacement ratio (Figure 8). The
values of the ratio for most floors are less than
1.1, except for a few floors at the bottom. Each
individual tower is strengthened by the rigid
connecting structure, which makes the anti-
torsion stiffness of the towers in connected
structures much larger than that of the single-
tower structures. This has also been verified by
Oriental Gate — another connected structure
with super high-rise towers designed by
ECADI (Jiahua 2008).

Relevant provisions in code, such as the
torsional period ratio and the torsional
displacement ratio on the limitation of a
structure’s torsion are based on the rigid-floor
assumption, and they are suitable for the
regular, single-tower structures. Rigid-floor
assumption is not, however, suitable for
connected structures. In other words, each
tower of the connected structures works

as an equivalent ‘column”or “wall” element,
and anti-torsion stiffness of a whole tower is
much greater than that of a single column
or wall. Hence, for designing the connected

AL

TR EMR)

structures, suggestions are given as follows:
firstly, the requirement on the torsional
period ratio could be lower, but the torsional
mass participation coefficient in the main
translation mode should be minimized;
secondly, the requirement on the torsional
displacement ratio of the whole structure
could be lower, but that of each single tower
should be strictly limited.

Coupling Effect of Towers and Connecting
Structures

Figure 9 lists the ratios of the elevation of the
sky lobby to the height of each tower

(Figure 9). The location of the lobby is
approximately 1/2 to 2/3 the elevation of
Tower A, 2/3 of Tower B, and 3/4 of Tower C,
respectively; it is, in general, the middle-upper

Figure 8. Torsional displacement ratio of Tower A (Source:
ECADI)
Els. BREAHRMUBLL CER: EREMTHATEMNR)

E=F), BEHALLH0.86, BALEMTE
IR A N150; NWKRAZ], HA
HREEAMIIEE M, HEEEHAL 8088
(Min 2012), BYRGEMIAFEAIISLL R A
91.53,

AMEBNIN AR SRR
7~ (Xiachan 2011, China Academy of
Building Research 2013): 1&it&IEHY
EARGEN, SRS MR AT
PE. ESE BRSO T
FZEMSTEDON, BRI E ARSI
HIRSK R RS BN aa A £
e (B7) . IEMEEmsE. BEHEd
NAR/Ne H— TR, BTFRIEESE
ARLRIER, EWEM SIS0
IBESHELLRAE, BEA. B. CHYHEEEHR
DRSS, 1. 150, 5FE—F5)
BEEZ bR A0.32, 021, 017,

B8 E RS B EARRRE L (B
8) ., BRIERIBILEI, HhXIBHEERIHE

BIRBEEENT 1.1, DA R RISFRABNIME
BRSPS SR N BRI R S
EE TERRNE, BN EEAIE R
T EEERNTUEANE . AEERRNS
—MEEBREREME—RA ] JHNZIT
HEFNEAR (Jiahua 2008),

WA TABEN T PN HIBR S 54

(¥ EEtL AR IRt ) T RER|
MERERRER R A2 E AR, BAEE
REEHh, BEARNIMERERAIERE N ARIL,
[EIRY S PE AR S T B E Ry
£ R AENIE R K TR
. FICEERERRIRTR, HAT2
W TEHRIAERE SR EALL IR
BEM REBVFIIESHHERE
Z5tt, RRBASHRTLRUBILE
K, ERIEHERENSERB SR
(VLS

BRSBTS RN
BOAZFERInS SRERRSEZLL

(B9) ., FIUERR, EEENLEDS!
B, CEEM2/3M3/4, WTE

Tower A | TowerB Tower C
IEREA ERB EC
Position of Sky 368m 328m 300m
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Figure 9. Ratio of the elevation of the sky lobby to the
height of the tower (Source: ECADI)
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Direction Single Tower A Single Tower B Single Tower C Connected Structure
738 T EHEA 7 EikB s $EikC =EEE

x 1.58 1.76 174 39

y 1.62 1.58 1.8 3.23

Figure 10. Ratio of equivalent lateral stiffness to gravity (Source: ECADI)
E10. SMRIELL (KR

EREBRRTHIRE

)

Unit: 10’ kN-m Total Overturing Load Overturning Whole Overturning | Proportion of the
B 107 kKN-m Moment Moment Moment Whole Overturning
EivEE RS EE BHITEEE Moment
BaivEEsELL
X 1.986 1.500 0.486 24.40%
y 1.806 1327 0479 26.50%

Figure 11. Analysis on basement overturning moment (Source: ECADI)

B SHRMEBEENNT CER: EREMZTTTSM5)

level of each tower. Analysis on position of the
connected stories revealed that (ECADI 2013)
the lower they placed, the weaker the lateral
stiffness of the connected structure. At the
same time, the structure’s torsional response
enhanced and the whiplash effect of the
stories above the connected part intensified,
meaning that the seismic performance of
the connected structure is optimal when the
connecting structure is placed at the upper
elevation of the tower.

Figure 10 presents the parameter of single
towers and connected structures to reflect
the structural stability of each (Figure 10).
The parameter is the ratio of equivalent
lateral stiffness to the gravity of the structure.
It indicates that the structure’s stability can
be significantly improved by the informed,
decisive arrangement of the connecting
structure. Utilizing this advantage with the
efficiency analysis of the outrigger truss,
each tower is eventually reinforced with the
outrigger truss in just the fist story of the
sky lobby. The outrigger truss can be seen in
Figure 3 (a).

According to the analysis on the overturning
moment of the connected structure under
earthquakes (Figure 11), the local overturning
moment borne by each single tower serving
as “‘columns”of the connected building
decreased, while the proportion of the whole
overturning moment borne by the axial forces
of the towers increased up to 24.4 and 26.5
percent on the x and y directions, respectively.
The local and whole overturning moment are
defined as shown in Figure 12

(Figure 12). The result shows that the
connected structure of three towers

works effectively as a whole structure. The
proportion of the whole overturning moment
is a key index for the evaluation of the entirety
of the connected structure. Owing to the
higher efficiency of the axial-force-resisting
components than the moment-resisting ones,
the bending moment of most columns and
walls in the connected structure decreased

when compared to what it would have been if
separated into three towers.

Modal Sinusoidal Excitation Method

The Code for the Seismic Design of Buildings
(GB50011-2010) provides that three to

seven sets of earthquake waves should be
brought in when performing a dynamic
time history analysis; however, due to the
randomness of the actual earthquakes and
complicated dynamic properties of the
connected structure, tests of the limited
earthquake waves may not be able to

reflect the structural seismic performance
comprehensively (Yayong 1991). To obtain
profound understandings on the dynamic
properties of connected structures, a method
based on sinusoidal excitation can be
applied. Sinusoidal excitation will amplify the
resonance reaction of the structure exited
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Figure 12. Definition of local and whole overturning moment (Source: ECADI)
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by each mode, thus the weakness of the
structure can be thoroughly detected. This is
helpful to improve the structure arrangement
and reinforcement. The method is elaborated
as follows:

- Carry out the modal analysis on the
structure and acquire the periods of
modes;

- Establish functions on multi-modal
sinusoidal waves as the periods
of sinusoidal waves are equal to
the corresponding mode periods,
the peak ground accelerations
are determined by the seismic
precautionary intensity, and the
wavelengths are as long as five to 10
periods;
- Calculate the translational angle of
the sinusoidal wave of @geh-pjdde
X(Wilson ¥Q06) as follows (Where
and are the mass participation
ratios on the x and y directions of the
j" mode)

0, =tan'(p, /p,)=tan" Y, /X,

« Perform a dynamic history analysis
with the established functions of
sinusoidal waves tthe direction of
the translational angle

Figure 13 presents the story drift of three
towers on the x direction through the
analysis of the first 10 sinusoidal waves

for the outrigger and belt trusses that are
simultaneously placed in the first story of
the sky lobby, while the other strengthened
stories are equipped with just belt trusses,
greatly improving the stiffness catastrophe
(Figure 13).

The rigid connecting structure is located at

the 2/3 to 3/4 elevations of Towers B and

C, allowing the two towers be restrained
more reliable; therefore, the towers'dynamic
response is mainly contributed by the first
two modes. At the same time, the stiffness
of all stories (except the connected ones)

is well-distributed and there are no serious
vulnerabilities. For Tower A whose connected
position is relatively lower, the structure

not only reacts to the first two mode
contributions, but also performs with an
obvious whiplash-effect above the sky lobby
excited by high-order modes.

Based on the results of the analysis, some
improvements were made to the structure:

- For the floors above the sky lobby of
Tower A, the story shear forces are
moderately amplified at the basis
of the results of response spectrum
analysis;

- The beams of the outside frame
above the sky lobby are strengthened
and the corresponding seismic
performance objective is upgraded to
be elastic under medium earthquakes;

- In order to moderate critical changes
of story lateral stiffness, additional
belt trusses are added to adjacent
stories close to both the upward
and downward connections of the
structure; and

- The reinforcements in the concrete
tubing neighboring to the sky lobby
are strengthened to improve the
ductility capacity.

Wind Load

Figure 13. Story drift under sinusoidal excitation (Source: ECADI)
E13 BRI THSEERREUBAN T CRR: EREFAHTREMR)

[RAREEFIRITIEMERE (Yayong 1991).
TN EZREREMRIRIF ISR TARNR
T ASCEW AR A SR LR A
SEBTINE T, [ESRBORUIN PIoR (L 454
ERMES TRHIRIMN, REBEEBER
EFRVESIEPAL, AT E SRR
&fE. MTITENT

NEMEITIRS N, FRIEREMN
TRENER,

B SRS IR RS, [ESZRAE
HAS BES BN, IEEMRER
EMERMBZIUERE, 155 EES
~10NEHA;

TTE SR AV IESZ K 5 0] f3
(Wosstartipp) py) =tan™ ¥, /X,
p=—M X, Y

Hrh, DHIAEE]
RS yERES Stt.

m

A R B MRS XS N A LE 5208 X 4t
TN AN AT,

B13550 7 A S IESZR T ATIS EIRV =
ExmEEUBEN T, BTAIMENE

ERENERERERENR, Ata=
RRAAEHIR, AEENEREEE
ErpfEERAEA, EtIseEMNIER
TEEIRE (E13) .

XTIEREBMIC, WIMEEZELT2/373/4
SEX, WREBNARESE, M5
NRTEARI =R AL, ZEME
SHIRIREY N, [FIR FREE A INE RN
E155), SMLHTAERHA, NTE
A, ERERVERNEIR, SEHE
FERRZ R —IMESRMEIRSN, EE L
EANLAEEL D SRS IESORATAR T

1278 Structural Engineering - Case Studies | £&#8 T 12— BIIf75



Figure 14. Wind tunnel test of Golden Eagle Tiandi Plaza (Source: ECADI)
B4 RURIRIGEE COR: EREARTHRER)
The wind load of connected structures is
influenced by a large number of factors, such
as the number, shape, distance, and direction
of the towers and the various properties

of the connecting structure. Wind tunnel
testing of the project was entrusted to the
State Key Laboratory of disaster prevention
for civil engineering in Tongji University. The
model's scale is 1:350 (Figure 14). The terrain
roughness is categorized as class B, and the
basic wind stresses are 0.40kN/m2 and 0.45
kN/m2, in respect to a 50-year and 100-year
return period.
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Based on the results of the wind tunnel
testing, the story shear forces of the three
towers before and after they are connected
to each other were analyzed in detail. Take
the y-direction for example (Figure 15),

the basement shear forces of a connected
Tower C increased by 13095 kN as compared
to that of the separate Tower C structure.

In the same situation, the shear forces of
Towers A and B decreased by 264 kN and
7468 kN, respectively. In addition, there was
a transfer of about 5363 kN from the range
of the sky lobby to Tower C. All of the above
data indicates that the wind loads were
redistributed among towers owing to the
influence of the sky lobby.

The same analysis was also carried out based
on the wind loads in accordance with the
load code (GB50009-2012). The results are
illustrated in Figure 16 (Figure 16), showing
that the method presented in code does not
take the coupling effect of the sky lobby and
towers into consideration, and consequently
failed to reflect the redistribution of

wind loads.
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Figure 15. Story shear forces under wind loads based on wind tunnel testing (Source: ECADI)
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Figure 16. Story shear forces under wind loads based on the load code (Gb50009-2012) (Source: ECADI)
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Component Design Earthquake
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Un-yield | R EEEAR
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Un-yield | KETEAR

Figure 17. Seismic performance objective of the components in the sky lobby (Source: ECADI)

7. ERAEEMARELERT CBR: ERENTHATER)

Design of the Sky Lobby

The sky lobby works not only to bear

gravity loads, but also to coordinate the
non-synchronous deformation of the three
towers. It also enhances the overall structure’s
lateral stiffness and stability; however, as the
heights and directional angles differ from
tower to tower, the situation of the sky lobby
under wind loads and earthquakes becomes
extremely complicated. Additionally, the
settlement difference among the towers
also generates further internal forces to the
sky lobby.

As previously mentioned, the towers’stiffness
was adjusted to harmonize the deformation
difference of three towers at the height

of the connected position, so it is not only
the translation-torsion coupling vibration

of the connected structure, but also the
internal force of the sky lobby can be
improved efficiently.

Performance-based seismic design was
conducted in this project. The performance

Figure 18. Structure model for shaking-table test (Source:
ECADI)

=18 frehe
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HIRE (CBR: ERERTHIRS

objective of the components in the sky lobby
was upgraded (Figure 17). The floors of the
sky lobby are important in transferring the
lateral force among the three towers, so they
were strengthened especially. The floors are
thickened to 200 millimeters and reinforced
according to the stress analysis results under
wind loads and earthquakes. Moreover,
horizontal X-braces were also arranged in the
adjacent range between the towers and the
sky lobby.

Finally, in order to reduce the additional
internal forces of the sky lobby caused by the
settlement difference, a mudstone formation
with the better elastic modulus was chosen
as the bearing stratum of all the three towers.
The depth of piles penetrating into the
bearing stratum is not less than seven times
the pile diameter, and the post-grouting at
bottom of the pile was introduced. Calculation
results shows that the maximum settlement
difference of the three towers is about

10 millimeters. At the same time, the
appropriate arrangement of the construction
sequence and post-installation of the
members sensitive to the settlement
difference will also help to reduce or even
eliminate additional internal forces.

Shake-Table Testing

A shake-table test was carried out in the
State Key Laboratory of Building Safety and
Environment to check the seismic capability
of the structure. The scale of the model is
1/40, and the height is 9.2 meters (Figure 18).

On a scale of frequent earthquakes, seven
groups of earthquake waves (five natural
waves and two artificial waves) were used.
Each group of earthquake waves was input
in three directions simultaneously. In order
to reduce the influences of accumulative
damages during the following tests, three
groups of waves were chosen for the first
stage of testing, as the three earthquake
waves should motivate comparative large
responses of the structure; then the most
adverse one from the previous three waves
was chosen for testing rarer earthquakes.
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(China Academy of Building Research
2014),

1280 Structural Engineering - Case Studies | £&#8 T 12— BIIA55



More information about the test can be found
in document (China Academy of Building
Research 2014).

Comprehensive data on the dynamic
characteristics of the tests was recorded, such
as accelerations, displacement responses, and
the stresses of main components. The tests
reveal that:

- Under the frequent earthquakes on
y-direction, the different amplitudes
of the three towers result in the
translation-torsion hybrid movement
as shown in Figure 4. The maximum
story driftis 1/580, meaning the
structure is in the elastic state.

- With the increment of earthquake
intensity, the phase difference of the
three towers'translational movements
leads to the torsion of the whole
connected structure; but there is
no severe damages caused by the
structural torsion. The damages
concentrate on the concrete coupling
beams, shear walls at the bottom, and
on part of the columns.

« Under the rarer earthquakes, the
structural story drift reached 1/95.
The wholeness of the structure is
well maintained by the sky lobby. In
the meantime, there are no obvious
damages in the stories neighboring
the sky lobby, meaning the structural
arrangement and corresponding
reinforcement measures in this part
are appropriate.

- The model was subjected to a rare
earthquake of 7.5 degrees. The

maximum story drift reached 1/66,
but the vibration amplitude of the
connected structure is far less than
a single tower structure of equal

height. The major lateral-force
resisting members were not seriously
damaged. The results indicate the
ductility and deformation capacity

of the structure are sufficient, and
that the seismic capacity reserve is
adequate.

Conclusions

The structural characteristics of the Golden
Eagle Tiandi Plaza — a complex, connected
structure with three super high-rise towers —
are discussed in the paper. Some important
conclusions are as follows:

- The vibration modes for
unsymmetrical connected structures
are translation-torsion hybrids. The

stiffness of the towers should be
optimized to decrease the torsional
component of the main translation
modes.

- The phase differences of each tower’s

translational motion make the
torsional response of the connected
structure obvious; but the torsional
mode of each tower is hard to

trigger for the restraint of the rigid
connecting structure. The results of a
shake-table test show that there are
no severe damages caused by the
structural torsion, so the requirements
on some indices for torsion control of
the overall structure could be relaxed,
but the torsional component in main
translation mode and torsion control
measures of each single tower should
be strictly limited.

- The proportion of the whole

overturning moment bourn by the
towers'axial forces is a key parameter
for the evaluation of the connecting
degree. For the rigid-connected
structures, when the connected

part is at upper stories of the tower,
the seismic capacity of the whole
structure is optimal.

- Sinusoidal excitation of each mode

will amplify the resonance reaction

of the structure, and the weakness

of the structure can be thoroughly
detected. The multi-modal sinusoidal
excitation method can be used as a
complementary analysis measure. It is
helpful to improve the arrangement
and reinforcement of the structure.

- The method for calculating wind

loads presented in present code
does not take the influence of the
connecting structure and the towers
into consideration, and fails to reflect
the redistribution of wind loads
accurately. It is not applicable for
connected structures.

- The status of the sky lobby under

wind loads and earthquakes is
complicated. In order to improve

the forced condition, the towers'
stiffness should be primarily adjusted
to reduce the deformation difference
of different towers at the elevation

of the connected stories. In addition,
the settlement difference among the
towers should be limited as well, and
some strength reserves are necessary
for the members that are sensitive to
this settlement difference.
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