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Abstract

The design and research of high-rise building cores have always persisted throughout the
design circle of each supertall building. Based on skyscraper projects the authors have worked
on in recent years, there are several key points which should be considered in the core design
of skyscrapers. Starting from vertical transportation, planning organization, fire exiting, and MEP
pipeline arrangements, this paper analyzes the related contents on core design of supertall

buildings in order to provide a reference for supertall building design strategies.

Keywords: Supertall Buildings, Core, Elevator Organization, Fire Evacuation, Pipeline

Arrangement
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Introduction

Today, supertall buildings are rapidly
developing in Asia and height records are
repeatedly being broken. It is reported that
some design firms have started a supertall
building design with building height over
1000 meters. The core, closely linked to the
regular operations of the tower, acts like the
artery of the skyscraper and is also closely
related to the standard floor usage of the
tower. Therefore, the design and research of
the core have always persisted throughout
the design process of each supertall
building. This is done to achieve a comfort
and evenness of the cores and to obtain
the highest efficiency for spatial utilizations.
Based on previous skyscraper projects in
recent years, this paper will summarize some
essential elements in supertall building
core design that designers should pay close
attention to.

According to various forms of standard
flooring, supertall building plans can be
generally divided into three types — point,
bar shapes, and irregular shapes (see Figure
1). There are two principles of core design
arrangements. The first is providing effective
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Figure 1. Single-core Plan (Standard Floor Plans, The Skyscraper in commercial center of Nanshan, Shenzhen), Double-core elevator Plan (Standard Floor Plans, Tianjin Tianchen

Tower), Multi-core elevator Plan (Standard Floor Plans, Beijing TV Center)

Hl #EFETE (RINFLHLFOCXEGEFEETE) , IEFETRE (RERRABFEETE) , 2HFERRE (UEEAFOFERFE)

and convenient vertical transportation systems; and the second is
creating intact, flexible, and consistently high-quality spaces that can
be occupied which can be adapted into the structural system. Different
core types have different design element requirements. This paper
primarily focuses on single-core design features.

Elevator Arrangement

Elevators are the only highly efficient way to move vertically in
supertall buildings. Since many occupiable areas are overlaid in limited
areas, it is extremely important to integrate elevator organization into
core designs.

Vertical Organization of Elevators

Normally, there is a high running efficiency of elevators within a height
of 50 meters. In supertall buildings over 150 meters, the elevators

are usually arranged in groups, running in zones, or adding to the

sky lobby to maximize elevator efficiency. With the development of
elevator technology, double-deck elevators have been extensively
used in elevators traveling through all the floors and ones traveling
through individual zones to greatly increase efficiency. In order to
solve problems in elevator connections and transitions between upper
zones, lower zones, and composite patterns running in segments in
the sky lobby, the proposals are as follows:

» Upper section reduced zone layout method: for instance, the
first segment (the lowest section) of the elevator is divided
into high, middle, and low zones; the second segment divided
into high and low zones is vertically located above the elevator
shafts of the middle and low zones of the first segment; the
third segment divided into high and low zones is also vertically
located above the elevator shafts of the high zone of the first
segment as well as the low zone of the second segment to
avoid conflicts between upper and lower dimensions. This
proposal is characterized by requiring more entrances on the
first floor than other options (see Figure 2).

» Two reverse running sections method: the first segment is
divided into high and low zones rising from the first lobby; the
second lobby is located in the middle of the second segment.
The elevator going up from the second segment is arranged
above the high zone elevator shafts of the first segment and
the elevator going down from the second segment is arranged
above the low zone elevator shafts of the first segment to
avoid conflicts between upper and lower zone dimensions.
This proposal is characterized by an opposite movement that
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Figure 2. Elevator Zoning Law 1, drawn by Lijie
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Figure 3. Elevator Zoning Law 2, drawn by Lijie

E3. maaRErE (WHE: FHEL)

passengers might not be accustomed to (see Figure 3).

« Utilizing mechanical floor heights and refuge floors: since
custom elevators do not need a stop on mechanical or
refuge floors, this space can be used as an elevator overrun,
mechanical rooms, and an elevator pit. To meet the
requirements, the sum of the heights of the mechanical and
refuge floors should be approximately twelve meters. This
proposal is characterized by high floor-to-floor height for
mechanical floors and refuge floors which are also adjacent to
each other (see Figure 4).

« Proposal four utilizes all double-deck elevators. This
organization method not only reduces the quantity of elevator
shafts, but it also reduces the quantity of first floor entrances.
However, the application of this system will cause a more
stringent limit for the standard floor height of the tower and
requires maintaining a small variation for each floor height with
the current elevator technology. Furthermore, the connection
between odd and even-numbered floors is also inconvenient.
Although the operating efficiency of a full double-deck elevator
system is relatively high during rush hour, the operating and
maintenance cost will also be quite high the rest of the time.

Comparing multiple elevator arrangements in a 74-story, 400 meter-
high supertall building, proposal one illustrates its requirement of

at least five entrances on the first floor but reduces the number of
elevators needed where the sky lobby placement is not necessarily
combined with the refuge floor. Proposal two reduces the number of
entrances required on the first floor but needs a higher transference
space with no elevator stop to overlay the elevator zones. Due to the
utilization of the integration of double-deck shuttle elevators and
single-deck zone elevators, proposal three can reduce the quantity

of elevator shafts used which takes full advantage of double-deck
elevator benefits. Proposal four reduces the number of elevator shafts
and first-floor entrances because all of its elevators are double-decked.
If only the double-deck elevator system is utilized, there will still be
problems that need to be resolved (see Table 1).

Elevator Surface Arrangements
The surface arrangement of elevators can be divided into these types:

Figure 4. Elevator Zoning Law 3, drawn by Lijie
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Figure 5. Cross-pattern Arrangement of Core Tubes, drawn by Lijie
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Proposal 1 Proposal 2 Proposal 3 Proposal 4
FR— TR FR= FRE
The Layout Sky Lobby Quantity Two Sky Lobbies Onw Sky Lobby Two Sky Lobbies One Sky Lobby
gri's;’:::;nts BRAY & HAEFAE —AERAE AAEFAYE —MERRE
BRARH R :
Elevator Shaft | System Format | Single-Deck Elevators Double-Deck Elevators Double-Deck Elevators Double-Deck Elevators
FR M RAGEHR REWR RESRE REHRE REHR
Number Of Two Groups One Groups Two Groups Two Groups
Groups wa —y wE —
FEHKE
Zone Elevator | System Format | Single-Deck Elevators Single-Deck Elevators Single-Deck Elevators Double-Deck Elevators
X 8] He b REHR EEWE EERR EESHR REHE
Number Of Three Groups+Two Groups+Two | Three Groups+ Three Groups Three Groups+Two Groups+Two | Three Groups+Two Groups
Groups Groups B Groups e
AHKE =2 Roat: Rt | =2 R Nt |
Total Number Of Passenger Elevator 56 50 51 34
REEHEHE
Number Of Passenger Elevator Shaft For First Floor | 32 34 27 27
BEREEHAHE
Number Of Elevator Lobby Entrance For First Floor | 5 4 5 4
BEERTAOHE
Note: Index: 10 square meters/ person, attendance rate is 100%, the load factor during morning rush hour for five minute is 15%, during
& lunch rush hour is 12%, the average waiting times is 25s to 30s
A 10FR/A, HERI100%, FRESHGBREINESL, FERUSLSHBEREINEH, THERHR25H~308

Table 1. Comparison of Different Elevator Arrangements

Rl AR BBALETEGL (HE: FEE5TEAHEH)

a cross pattern, an I-shaped pattern, a grid pattern, and a hybrid
pattern.

The plan arrangement of cross-pattern elevators is characterized by
the cross axis of the elevator lobby where the central point of the cross
is designated for transportation space only. With the extension of the
elevator arrangement, its four corners are used as subsidiary spaces.
The advantage of the elevator hall facing the four directions is to have
a better centrosymmetric and adaptable arrangement (see Figure 5).

Due to the different arrangements of subsidiary spaces on the

four corners, the cross transportation plan of the standard floors’
corridor arrangement can generate a ring-shaped pattern and an
H-shaped pattern. In order to reduce as much unnecessary corridor
area as possible within a whole floor of open offices, an H-shaped
arrangement is preferred. Due to different elevator placements, there
could be other orientations of H-shaped corridors on different standard
floors. Different orientations will influence door opening directions that
are needed in the four corner subsidiary spaces on each floor to limit
and decrease the efficiency of the four corner spaces. Therefore, the
best plan is to have the elevators traveling through their designated
zones arranged in pairs to ensure that the occupiable floor corridors
are oriented in the same direction to improve efficiency (see Figure 6).

I-shaped elevators are arranged side-by-side based on an I-shape to
save spaces designated for corridors only at the crossing point with

a compact arrangement. This saves more space than a cross-pattern
and is also more economic. It is quite easy for the core to develop

in a rectangular pattern because the evacuation stairs, subsidiary
spaces, and adjacent elevator lobbies are arranged side-by-side. Since
the elevator lobby and subsidiary spaces can only open toward two
directions in an |-shaped core arrangement, the corridor arrangement
on the standard floors are developed as an H-shape which can save
space. This pattern of core arrangement requires more attention in
the organization of equipment rooms and the tube well to avoid
narrowing equipment pipes and over-occupying height space (see

Figure 7). Figure 6. Different Types of Cross-pattern Arrangement of Core Tubes, drawn by Lijie
6. +FEBZCHNTARALA TR (HE: FHEL




Figure 7. Different Types of Cross-pattern Arrangement of Core Tubes, drawn by Lijie
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The grid-pattern elevators are arranged on a three by three into a
nine square grid, in which a connection between each other is not
necessary while the upper section can be transformed into a cross-
pattern arrangement to keep the structure stable. The grid-pattern
arrangement can provide the bottom lobby with enough elevator
entrances that are independent of each other. The plan arrangement
is frequently centrosymmetric for a strong adaptability. Since the
thoroughly arranged elevators occupy larger areas on the first floor as
well as the low and middle zones, this pattern is appropriate for the
projects with higher height and large standard floor areas (see Figure
8).

For an efficient utilization of cores, designers should place shorter
distance elevators at the border of the tube wells so that the space
above these elevators can be converted to effective occupied areas
after traveling. The hybrid-pattern combines the characteristics above
like a T-shape so the elevator arrangement is non-centrosymmetric and
relatively flexible (see Figure 9).

Evacuation and Fire Safety

The evacuation and fire safety inside the core tube mostly consists of
the arrangements of exit stairs and fire elevators. When placing exit
stairs, the vertical continuity of the exit stairs from different functional

Figure 8. Grid-pattern Arrangement of Core Tubes, drawn by Lijie
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Figure 9. T-shaped-pattern Arrangement of Core Tubes, drawn by Lijie
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Figure 10. Stair Conversion in the Refuge Floor, the Skyscraper in Commercial Center of
Nanshan, Shenzhen
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areas should be noted. The exit stairs in the refuge floor can only travel
through the refuge zone while no stairs in the other floors should
transfer through the floors. It is beneficial to place exit stairs next to the
elevators because people are familiar with the circulation and use it
frequently in the event of a fire. Therefore, arranging exit stairs close to
the elevator can naturally combine frequently used circulation and fire
emergency circulation in order to generate a fast and safe evacuation.

In the initial design process, there should be a focus on the exit stair
options on the refuge floor to rise or fall by a dislocation on the same
floor or through the refuge zones. If the mechanical floors with the
high ceiling also serve as a refuge floor, designers might consider
arranging the exit stairs in the refuge area. In this case, the ceiling
height of the refuge area should exceed the minimum height that a
four-run stair requires (see Figure 10).

If additional transfer stairs are required due to the floor height not
meeting requirements, consider the following:

« Build an enclosed wall in the stairwell and arrange the vestibule
of the stairs separately so that traffic must pass through refuge
zones (see Figure 11).

« The locations of stairs can be relocated in the refuge zone. For
instance, a hotel located in the upper part of the Shanghai
Financial Center has two exit stairs added in the evacuation
stair position while one exit stair in the refuge floor in the core
is removed.

When a fire occurs in the building, the vertical shaft serves as the main
path of vertical extension of fire draft. In tall buildings, the cross-
sectional area of the pipe and cable shafts and the access panel area
are all quite small. According to GB50035 5.3.2 and 5.3.3, an access
panel to pipe and cable shafts is required in order to achieve a Level
C for fire doors, and “in tall buildings with height less than 100 meters,
every two to three stories' pipe and cable shafts should be divided on
the floor slab by non-combustible materials as a fire partition; these
shafts have equivalent requirements as the fire resistance of the floor
slab!Based on this guideline for fire safety, the large cross-sectional
area of an elevator shaft (about four to seven square meters each),
the large quantity of shafts (more than 20 in some cases), the vertical
perforation in the shaft, and the large area of the elevator doors
(common size is 900-1200 millimeters wide and 2100-2400 high)
should have stricter requirements for elevator doors and a higher fire
resistance level than the access panels of cable and pipe shafts.

Figure 11. Stair Conversion in the Refuge Floor, Tianchen Tower
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Appropriate Arrangement of Vertical Pipelines

In the design of core arrangements, another area that cannot be
ignored is the arrangement of vertical pipeline shafts. In core design,
arranging equipment rooms and shafts inside the core will bring
large amounts of equipment pipelines through the shear walls
which can increase the difficulties in structural design and decrease
the stiffness of the core. Under allowable conditions, these rooms
should be arranged at the periphery of the core in order to decrease
the cuts through the shear walls. In addition, vertical pipelines
frequently change their positions following elevator conversions, so
considerations should be made for the conversion space that the
pipelines need in order to avoid crossings and extra floor height
caused by arranging the equipment room adjacent to the electrical
room. Therefore, convenient outlets of equipment rooms and shafts
should be seriously considered in order to save floor height.

In conclusion, various mixed issues in core designs require thorough
investigations in order to obtain various possibilities of the most
appropriate project arrangement to create a careful balance. Each
proposal has its merits which also require architects and owners

to find project integration elements from practical and economic
perspectives. An in-depth research on core tube wells in the early
phase of the supertall building design process will lay a solid
foundation for the constructability of the entire building in order to
avoid issues of being stuck with an unchangeable shape of the core
while no comprehensive research has been done on it yet but all
structural design has been confirmed.
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