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Due to its excellent lateral stiffness and space flexibility, the megaframe-core wall structure is widely applied in supertall buildings. The
efficiency of the central service core is critical for the optimal design of the megaframe-core structure. This chapter addresses the optimal
layout arrangement of the central service core for efficient megaframe-core structural design. The typical layouts in the current supertall
building service core design practices will be introduced first. The design criteria to be considered for the optimal structural design of central
service core are then discussed. The Suzhou Zhongnan Center will be employed as an example to show the process on the optimal structural
design of the service core. Five service core layouts will be analyzed, and the pros and cons of the five service core layouts will be compared
and discussed.

BT ERFNRMNEMEARR, ER-BOREN ZNATEEERA. HORHBGUMALE R R ZERAZOHEM R
WRER. MARN. 2FRTEROCHEREM TRIMAT R . A SCH QB A B 182 3 R0 A7 R T 89 R AT 1R
e BANTEAFER EEARCHHLAATER, BAMBZOCARTFEL BN R ITRERT TR, KEUFHFFOAEE

BABRE TN RBNZ O T RAZI BB AT HELIF. &5, FEFTRBTHELM.

Introduction

With the rapid development of urban areas in recent decades, supertall buildings have become
an important symbol of economic prosperity, social development and urbanization in mainland
China. Such buildings are mainly distributed in the Pearl River delta and Yangtze River delta
regions and in other megacities.

The megaframe-core wall structure is widely adapted in structural design of supertall buildings.
The efficiency of the central service core is one of the key aspects for the optimal design of
megaframe-core wall structure. The efficient core structural design has to consider the core
layout, structural cost and structural weight.

The typical layouts of central service cores are the 9-grid square layout, the 16-grid square
layout and the triangular layout. The 632-meter Shanghai Tower has a 9-grid square core layout
(see Figure 3.19). Ding, Chao et. al. (1996) addressed critical issues of structural analysis for

the Shanghai Tower project, and introduced the main design criteria of the central core. The
central service core of the Shanghai Tower is 30 meters by 30 meters, and is made of concrete.
The corners of the service core were cut off above zone 5 due to accommodate the shrinkage
of floor plane. The perimeter walls of the service core were further removed, and only central
cross walls were left for the high zones. Ping An International Financial Center also has a 9-grid
square layout service core. Huang and He (2014) introduced the main design criteria of the core
and the typical core layout of Ping An International Financial Center (see Figure 3.21). Dalian
Greenland Center is 606-meter megatall building, and its service core layout is triangle-shaped
(see Figure 3.20). The 96-story-tall CTF Tianjin Tower’s service core has a 16-grid layout in a
square shape (see Figure 3.22).

The optimal design of the core structure has to consider comprehensively different
requirements such as vertical transportation, planning organization, fire evacuation, MEP
pipeline arrangements and MEP facility rooms. The core structure contributes significantly to
the overall building structure. The central core is one of the critical components of the main
lateral load resisting system, and takes a large percentage of the gravity loads, base shear and
overturning moment of the tower.
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This chapter mainly addresses the core
structural design and optimization of supertall
and megatall buildings. The design criteria
for core structures will be firstly discussed for
supertall buildings generally. The megatall
Zhongnan Center project will then be used
as an example to show the influences of
different core layouts on structural design.

In total, five layouts will be considered, and
the pros and cons of each layout will be
compared and discussed.

Design Criteria

The core structural design has to consider
the controlling factors for tall buildings, such
as story drift, vibration period, and minimum
seismic shear ratio.

The story drift limit for supertall buildings

is set by satisfying the deformation
requirements of non-structural components
and making the structure remain elastic
under moderate wind loading and frequent
earthquake action. The story drift limit is
commonly set to 1/500 for supertall building
designs in China.

For supertall buildings, the vibration period

is commonly quite long, and the long period
response components have to be carefully
considered. Due to the lack of long-period
ground motion records, there are many
uncertainties in the understanding of long-
period response components for engineering
projects. In current supertall building design
practices in China, the first vibration period
of supertall buildings is commonly controlled
to be less than 9.5 seconds. Adjustment can
be made for the minimum seismic shear

ratio of structures with long periods (T > 5 s).
Considering that the base shear derived from
The China Quality Certification Center (CQQC)
guidelines is larger than that derived from
the simplified equivalent base-shear method,
the minimum shear-to-weight ratio can

be multiplied by a reduction factor of 0.85
(Wang 2013).

The strength and axial compression ratio
requirements should also be satisfied for
core shear wall members. For supertall

Figure 3.19. Typical layout plan of Shanghai Tower
(Source: Guangjing Sha)
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Figure 3.21. Typical layout plan of Ping an International
Financial Center (Source: Guangjing Sha)
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Figure 3.20. Typical layout plan of Dalian Greenland
Center (Source: Guangjing Sha)
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Figure 3.22. Typical layout plan of CTF Tianjin Tower
(Source: Guangjing Sha)
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Figure 3.23.Typical layout plan for Scheme 1 (Source:
Guangjing Sha)
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buildings, the axial compression ratio limit

for the core shear walls is commonly 0.5,
according to Chinese code. The size of

the shear walls in the low zones is usually
controlled by the axial compression ratio.

The size of the shear walls in the high zones

is controlled by the requirement of lateral
stiffness, and sometimes by the shear capacity
requirements under a rare earthquake.

Considering the effective usable area and

the building function requirements, the area
of the service core is about 25 percent to

35 percent of the plane area. Thus, the core
structure makes significant contributions to
the overall structural lateral stiffness. The core
shear walls should line up with the main plane
axes and continuously extend to upper and
lower floors to avoid potential transferring
requirements. To increase the usable area, the
web shear walls in the high stories can be
omitted, or parts of the fin shear walls can be
replaced by gravity columns.

Case Study

The frame-core wall structure of the
Suzhou Zhongnan Center is composed of
megacolumns, a central service core, belt
trusses, and outrigger trusses.

By considering the relationship between
megacolumns, corner columns, the central
service core and outriggers, in total five plane
layouts were investigated for the Zhongnan
Center project:

1. Core scheme 1: 16-grid core layout,
eight widely spaced megacolumns,
four corner columns (see Figure 3.23)

2. Core scheme 2: 9-grid core layout,
eight closely spaced megacolumns,
four corner columns (see Figure 3.24)

3. Core scheme 3: 16-grid core layout,
eight widely spaced megacolumns,
four corner columns, without interior
web walls in both direction (see
Figure 3.25)
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Figure 3.24. Typical layout plan for Scheme 2 (Source:
Guangjing Sha)
F324 FR2BAEFEE (HE:

Figure 3.26. Typical layout plan for Scheme 4 (Source:
Guangjing Sha)
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Figure 3.25. Typical layout plan for Scheme 3 (Source:
Guangjing Sha)
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Figure 3.27.Typical layout plan for Scheme 5 (Source:
Guangjing Sha)
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The Number of Walls | Zone Story E?gi-:- gai?W:ﬁ:

Wk e S P

w1 Zone 3 27~42 750

wi Zone 5 60~75 450 The Thickness of Abdominal Wall in the Y Direction
w2 Zone 5 60~75 750 Location | pakfry i L HERE

w2 Zone 6 76~90 750 wE

W2 Zone 7 91~104 600 Scheme 1 Scheme 4
w2 Zone 8 105~120 | 550 BE BrBea

w2 Zone 9 121~138 | 500 21 1200 1400

w3 Zone 5 60~75 650 22 1100 1300

w3 Zone 6 76~90 650 Z3 1000 1200

w3 Zone 7 91~104 550 Z7 600 750

w3 Zone 8 105~120 | 450 Z8 550 750

w3 Zone 9 121~138 | 400 29 500 700

Table 3.5. The thickness of shear walls (Source: Guangjing Sha)
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4. Core scheme 4: 16-grid core layout, eight widely spaced mega columns, four corner
columns, without interior web walls in the Y direction (see Figure 3.26)

5. Core scheme 5: 9-grid core layout, 16 closely spaced mega columns, no corner
columns (see Figure 3.27)

The service core of scheme 1 is a 16-grid square layout. The shape of the core is square in
zones 1 and 2. The corners of fin walls are cut off from zone 3 to 5. The exterior fin walls are fully
removed from zone 6 upwards. The maximum thickness of the exterior fin wall is 1.2 meters

at the bottom, and gradually reduces to 0.5 meters at the top. Table 3.5 shows the dimensions
of the shear walls. Eight megacolumns are arranged on four sides of the core square, and four
corner columns are arranged on the four corners of the plane. The megacolumn size reduces
from 3.8 m by 4.9 m at the bottom to 1.9 m by 1.9 m on the top. The corner column size
reduces from 3.6 m by 3.6 m at the bottom to 1.5 m by 1.5 m on the top. The space of the two
megacolumns in the same side is 19.5 meters.

Scheme 2 also has twelve megacolumns and the square central service core. Because the
megacolumns and outriggers should be aligned with the web walls, the two megacolumns of
Scheme 2 are closer to each other. Based on Scheme 1, Scheme 3 removed the web walls both
in X and Y directions. Because the lateral stiffness in the Y direction is bigger than the one in
the X direction, Scheme 4 removes the web walls in the Y direction and increases the thickness
of the web walls in the X direction. Table 3.6 shows the thickness of web walls. Core layout of
Scheme 5 is the same as Scheme 2, but the area of the megacolumns increases to 16.

The results of the analysis are shown in Table 3.7. The first— and second- order mode shape of
each schemes are translational, and the first order mode shape translates to X direction, the
second order mode shape translates to Y direction, the third order mode shape is torsional. As
the table shows, exceptin scheme 2, the first period of all schemes is less than 9.5 seconds, and
all the schemes satisfy specification limits that the ratio of the first torsion period of structure
and the first translation period is less than 0.85. This demonstrates that the plane layout of each
scheme has appropriate torsional capacity.

Under the lateral loads, the story drift for each floor is calculated. The interstory drift of each
scheme under wind loads is shown in Figures 3.28 and 3.29.

The analysis results of the interstory drift are shown in Table 3.8 and Figures 3.28 and 3.29.
Schemes 1,4 and 5 meet the drift limit 1/500. The maximum interstory drift of scheme 5 is the
minimum by a small margin. While scheme 2 and scheme 3 apparently do not meet the drift
requirements, the interstory drift is far less than 1/500 due to excessive stiffness loss.

The final minimum seismic shear ratio limit is taken to be 1.11%. The calculation results are shown
in Table 3.9. The minimum seismic shear ratios occur at the bottom. All of the schemes satisfy the
limit except for Scheme 3. The minimum seismic shear ratio in direction X reaches 1.13%, and the
minimum seismic shear ratio in direction Y reaches 1.14%, which is superior to the other schemes.

Table 3.6. The thickness of web wall in the Y direction (Source: Guangjing Sha)
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Figure 3.28. Story drift under wind load in the X direction (Source: Guangjing Sha)
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Compared with other schemes, the space between megacolumns is closer in Scheme 2.

The lateral stiffness efficiency is lower, and the core forms inclined walls in Zone 5 and 6.
Furthermore, Zones 5 and 6 are sensitive to interstory drift, which is adverse to the overall
stiffness of structure. Thus the maximum interstory drift of structure does not meet the
requirements and the first period is too long. The inclined walls also have great influence on the
function of apartments and complicate the arrangement of elevators in Zone 5 and 6.

Scheme 3 removes web walls of the core, both in the X direction and the Y direction. Although
the flexibility of the building layout is increased, it has a greater influence on the lateral stiffness
of structure. The maximum interstory drift does not meet the requirements. The whole criterion
of Scheme 4 meets the specification requirements, but compared with Scheme 1, the cost
increases by about US $2 million. The spacing between megacolumns is small in Scheme

5, and thus the daylight penetration of Scheme 5 is relatively poor. Due to the increase of
megacolumns, the cost of the structure increases substantially (see Figure 3.30).

Considering structural lateral stiffness, construction cost, architectural requirements and other
factors, Scheme 1 is better than the others. The architectural layout is flexible and the lateral
stiffness is suitable. Because the megacolumns and outriggers should be aligned with the web
walls, the contribution from the layout of megacolumns of scheme 1 is the best.

Period Scheme1 | Scheme2 |Scheme3 | Scheme4 Scheme 5
A BB B2 083 % B4 B8
T 9.37 11.39 9.2 9.32 9.2
T2 9.08 11.24 8.88 9.12 8.88
T3 4.05 4.1 413 4.12 413
T3/T1 43% 36% 45% 44% 45%

Table 3.7. Period Comparing results (Source: Guangjing Sha)
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Inter-story drift Scheme 1 | Scheme 2 | Scheme 3 | Scheme 4 | Scheme 5
W BB B2 B3 0 B4 B Bes
‘r’git':lfr:‘l’:e‘;i‘gggf 50 | X | 1/509 1/423 1/456 1/502 1/514
years
2 L 504 Y 1/545 1/433 1/495 1/530 1/550
Frequent X 1/558 1/470 1/508 1/556 1/568
earthquake
LER Y 1/529 1/407 1/472 1/509 1/539

Table 3.8. Story drift comparing results (Source: Guangjing Sha)
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Figure 3.29. Story drift under wind load in the Y direction (Source: Guangjing Sha)
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Figure 3.30. Typical layout plan of Dalian Greenland
Center (Source: Guangjing Sha)
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Scheme 1 Scheme 2 Scheme 3 Scheme 4 Scheme 5
Limit | pgg " &2 S B4 BB
R X Y X Y X Y X Y X Y
1.11% | 1.13% | 1.14% | 1.12% | 1.14% | 1.09% | 1.09% | 1.11% | 1.12% | 1.12% | 1.13%
Table 3.9. Comparing results of minimum shear weight ratio (Source: Guangjing Sha)
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Scheme 1 | Scheme2 | Scheme 3 | Scheme4 | Scheme5
iz gl B 8t2 83 =z 85
Cost normal normal low high high
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Table 3.10. Structural cost estimation (Source: Guangjing Sha)
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Conclusions

This chapter addressed the core structural design and optimization for supertall buildings.
Several design criteria were discussed, and the Suzhou Zhongnan Center project was employed
as an example for the comparative studies of the different core layouts. The 9-grid core layout
and the 16-grid core layout were combined with different numbers of megacolumns and
corner columns to generate different structural systems. Based on the above discussions and
comparative study results, we can come to the following conclusions:

1. The optimal design of the core structure can only be achieved by comprehensively
considering different design requirements such as vertical transportation, structural
efficiency, fire evacuation, etc.

2. Forthe case of the Suzhou Zhongnan Center, the 16-grid core layout can offer better
lateral stiffness and shear capability, and can be properly applied for intense vertical
transportation demand;

3. Compared with the 16-megacolumn scheme, the 8 megacolumn / 4 corner-colum
schemes have better lateral stiffness and are more conducive to natural lighting;

4. The optimal core layout should be obtained by properly testing the relationship
between megacolumns, corner columns, core layouts and outriggers.
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