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Elevator Systems and Elevator Evacuation Design

LA R L R R ROR T

Xiaomei Lee (=B #§), Frederick Liu (B #3&) & Liming Zhou (J& 3£ BH), Gensler
Steve Edgett, Edgett Williams Consulting Group, Inc.

Because supertall and megatall buildings are a very recent phenomenon, there are no specific building codes written for them. For any
building over 50 stories, providing direct elevator service creates a huge and unwieldy core, so alternative systems must be carefully reviewed
while ensuring the safety, comfort and convenience of tower occupants. Applicable high-rise codes are used as a guide, with interpretation
and modification to suit these objectives. This chapter describes the elevator design, operational system and elevator emergency responses
for the Suzhou Zhongnan Center. The design of the vertical transportation system is a collaborative effort between the client (Zhongnan
Group), the design team (Gensler and its consultants), associate architect (ECADI), elevator consultant (Edgett William Consulting Group)

and several elevator manufacturers.
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Overview

Safety is the number-one priority in every building design, and vertical transportation plays a
vital role in the circulation and operation of any high-rise building. For supertall and megatall
buildings, the vertical transportation system provides the only practical means to enter and
leave the building. A well-planned and harmonious vertical transportation design enhances
building safety, efficiency and human comfort, providing an environmentally friendly and
energy-efficient habitat.

Every building is unique and every building has a different program. In addition, elevator design
varies by level of service, business type, locality, culture and client objectives. To realize the
maximum efficiency of the building core, passenger elevators used in the building are primarily
1,600-kilogram capacity cars, except those 1,350-kilogram elevators used for apartments, to
provide the greater shaft space necessary for higher-speed elevators and to save energy. The
use of high-speed shuttle elevators for service offices, apartments and the hotel significantly
reduces core space, construction costs and energy usage.

Sky lobbies located at shuttle elevator arrival levels provide extraordinary opportunities for
amenities, valuable open spaces and city views for the occupants and public. These spaces
encourage social interaction and add economic value to the building.

Design Criteria

“Form follows function”is the methodology in architecture design, yet “Elevator design follows
program”is equally essential and fundamental. Elevator design standards vary somewhat for
different projects around the world, based on location, client objectives, marketing requirements
and the investment value of the project. For this project, the following standards were established
and are similar to Class A projects of equivalent scale in China and worldwide (see Table 2.5).
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Office (#4): Zone 2 2x

Population Density: A %% &

One Person Per 11 Usable Square meters 4 A 11F 77 % = 5 @ 2
87.5% Attendance 87.5% H# # %

Tenancy: i 7 7.

Class A Office &4 #./x

Target Interval: E #7148 14:

35 Seconds 35%

Peak Traffic: s i & i4:

Morning Arrival Peak i 2 2|3 %14

Assumed Demand: # = %5k

e

12.0% of Population in Five Minutes 7 44 iz #:12.0%8 A #

Service Office (A &&#2): Zone 33X

Population Density: A# % &

1.75 Persons Per Unit 7344 % 5175 A

Tenancy: # p # %

Service Office i &= #42

Target Interval: B 474 (&t ):

45 Seconds 45

Peak Traffic: z i & i4:

Morning Arrival Peak i 2 |3 %14

Assumed Demand: & = % % :

7.5% of Population in Five Minutes 7 441z 7.5%# A #

Residential (#4%): Zone 4 — Zone 7 4X—7X

Population: A #:

Studio & 1 Bedroom: 1.5 people per unit 757 #1%: ££15A
2 Bedrooms: 2.5 people per unit 2% 5254

3 Bedrooms: 3.5 people per unit 3%: ££35A

4+ Bedrooms: 6 people per unit 4= bl t: & £6 A

Tenancy: 2 % &

Residential =

Target Interval: B #7 & & 1a]:

45 Seconds 457

Peak Traffic: % i &4

Heavy two-way i &%

Assumed Demand: # = % % &:

12.0% of Population In Five Minutes z 44 r112.0%# A

Podium - Ballrooms (#&#—%4/7): Zone 11X

Population: A #:

Event dependent # 4% 7 =

Target Interval: E #7148 14):

40.0 seconds 40.0f»

Peak Traffic: =i wi4:

Heavy two-way 5 %%

Podium - KTV (##—«k1v): Zone 11X

Population: A #:

Event dependent # 4 & 7 i

Target Interval: 5 4 5[ #f 7:

60.0 seconds 60.0%

Peak Traffic: # i &4

Peak exiting i 4 i

Observation Deck (%% #):

Population: A #:

Unknown %4

Peak Traffic: 7 i & i4:

Heavy two-way 3l i & i

Table 2.5. Elevator design criteria standards for the Suzhou Zhongnan Center
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Operation

Microcomputer-based control systems are
used to perform control functions of elevators,
car operation, group supervision and door
control. The base control includes operations
required to connect, transfer and interrupt
power, and to protect motors against
overloading. The elevator control is monitored
by the Building Management System, and

the network will allow the control systems to
communicate with each other, and to allow
reprogramming with minimum downtime. The
elevator system is designed to include different
operating states with different provisions:
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+ Group Automatic Operation: Automatic operation through car and landing buttons
in conjunction with the multiple-zone supervisory system. Cars automatically slow
down and stop level at floors in response to car and landing calls, with stops made in
numerical sequence, irrespective of the order in which buttons are pressed.

- Destination Control: An automatic operation system, controlled by specialized elevator
controller, will assign passengers to specific elevators, using operating algorithms.

It directs passenger calls for service to keypads located in each elevator lobby. This
system will increase overall elevator performance and efficiency. It will increase building
security when used in conjunction with proximity cards.

- Simplex Selective Collective: This control will operate elevators from a single riser of
landing buttons and from operating devices in the car.

- Tenant Security: An ability to lock-off floors to prevent access is provided. Activation of
the system makes that floor inoperative. This feature can be overridden by any car on
independent or emergency operation.

- Standby Power: The master elevator controller can be programmed to monitor standby
power operation. The system is designed to ensure that life safety and emergency
operations accept software upgrades. Signaling to and from emergency power
networks will ensure that emergency generators are not overwhelmed by elevator
evacuation, and that the elevators operating on standby power are not shut down
prior to being landed at the designated floor. The system is designed to automatically
record loaded elevators throughout the building and assign priorities to those with

the greatest load and travel distance, or to those which can serve to aid emergency
personnel in building evacuation. A real-time database is provided in non-volatile
memory of individual car loading and status during normal power operation, as a
means to establish priorities during a power failure. When there is loss of normal power,
non-firefighting elevators will return to designated egress floors in accordance with set
priorities.

- Firefighting Emergency: Elevators are equipped with Firefighter's Emergency Operation
in accordance with applicable codes and local jurisdiction. Elevators shall return to main
floor upon activation of lobby detectors, lobby recall switch, and/or other dedicated
emergency signals. Upon lobby arrival, the system is controlled by the fire department.

- Card Reader Access: The card reader can be used to gain access to any and all levels
as desired. Car calls to designated secure levels requires prior activation of the coded
card to enable activation of floor buttons. This feature can be overridden by approved
building management personnel and fire department officials.

- Earthquake Emergency: Upon activation of earthquake signal, elevators shall turn to
emergency operation mode for emergency response personnel and/or fire department,
for necessary procedures, depending on the scale of emergency.

« Remote Monitoring: This capability provides an integrated control system that
continuously monitors all elevator systems. When the system detects a fault, the control
system automatically transmits a signal via a built-in modem directly to the elevator
service mechanic or local elevator service company office for an immediate response.
The system responds to faults including, but not limited to alarm bells, door locks, door
safety systems, earthquake detectors, limit switches, low oil, etc. Its modem device uses
the same phone line used for the emergency communication device inside the elevator.
However, in the event the remote monitoring system is using the line and someone
inside the elevator uses the emergency phone, the monitoring system is disconnected
and allows the emergency phone to make its required call.

34 | Architecture, Systems and Environmental Design

- HWBEER A R — M EFE

RS, bsTRESSER,
KRR ERRE LTI W
B, ZARRERE TRy EE 4
MEspEmEA L. ZAGREST
RAE SRR R, W R
TREER, TTRUAKZR,

- MEEERAG AERNRERAE

ki % 4 A0 45 e A B4R 1F R B S e
=4,

- M 2R ARG WU R DB 1k 3t

do. BHHZAL, THMELKET
HIEAT. TR HR R R EME
5.

- B EIR REAEH AL R

B, &R RREELEREE. Z
REHRIT AR E T 2N R E
RGBT UESR. NARIR
P42t BZ W E ST HRE S
KA 2 [E Hy R B R B 1T AR
7, [ AR A & R R
FEAT, TETERRBEREZ
HEIEEAT, ARRITT BFET
AN AR B, bR
ELZHBEERA. BTEERKH
A, RHEABREHEATER
HEAN RBG RS LB AR E 4 AT
EAG R E DK R G TR
AEWTTEZRENT, UEALR
R L B B I o AE IE ¥ R UR AT
HE, AR A R R AR
FRFREEREEERE.

- VTR A: HRE AL A

R A A RO R R F R
Bho BUERAMEENE. B EF X
BIRECERRRAGETE, Bk
WREEHE. BAEMAES,
FE R s S

LB R R BN

B AR EArtE R, @ RT
HEILMF ZRAZHERIMEE,
FREALRGFHESEEE. B
SHAENTEARMHEEE R LU
TE— e

- HERAER AREHRERES

B, BEERENATEARR
SIS R R, UE
RN R AR AN AT BB
#1E.



| BRETFEMEERY
B ALARM iBMS System
{55 Signal
Gttt
ELEVATOR MASTER
CONTROL
ERIET B KRB N
Normal Power Fire Ngiﬁﬁeﬁﬁﬁiﬁ
Operation Failure Condition gency
SR £ Entire BB SE Eé'
- ntire
Zone Building Floor Zone -
Building
FEREY
E{TE®
All Elevator
in Normal ER/SHA P
Operation #E SR Multi Zone/ il
Floor Zone Multiple T
. Building
Locations

Figure 2.17. Suzhou Zhongnan Center Elevator Operation Scenarios (Source: Gensler)
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Energy-Saving Measures

Maintenance and operating costs are some of the key factors in project success. Elevators for
this project are based on the latest and most energy-efficient elevator designs internationally.
Several energy-saving measures are incorporated into the elevator design.

Permanent magnet AC motors, energized by Variable Frequency and Variable Voltage AC drives,
dramatically reduce energy consumption and maintenance.

- Motors are fully regenerative, producing power under hauling load conditions in both
upward and downward travel.

- Destination control for service offices.

« Elevator control systems will reduce energy usage during non-peak periods, based on
demand to optimize energy usage and extend equipment life.

Elevator Evacuation

As time goes on, technology evolves; demands change; buildings get taller; people evacuation
becomes more and more challenging. All of these factors mean the actions required to protect
human life become more and more intricate. However, the basic philosophy of protecting
building occupants remains the same. For a building of this height, the use of elevators for
emergency evacuation becomes an integrated part of the overall building design and building
egress system.

Due to the extraordinary height of this building, different operation scenarios (see Figure
2.17) were considered, including the normal operation condition, the building power outage
conditions (see Figure 2.18), the fire emergency conditions (see Figure 2.19) and the non-fire
building evacuation condition (see Figure 2.20).

A programmable master elevator controller is used to perform different modes of standby
power operation. When in standby power mode, passenger and service elevator acceleration,
deceleration and speed can be modified to maximize the efficiency of standby power, while all
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Figure 2.18. Suzhou Zhongnan Center Elevator Operation - Power Failure Condition (Source: Gensler)
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firefighting lifts and evacuation lifts are programmed to operate at standard speed and duty.
The evacuation system is effected through software to ensure that life safety and emergency
operation can be optimized throughout the life of the building. The Building Management
System is designed to coordinate signaling from emergency power networks to ensure

that emergency generators are not overwhelmed by various modes of elevator evacuation.
The system is designed to automatically provide inventory information of loaded elevators

throughout the building and assign priorities to those with the greatest load and travel distance,
or those which can serve to aid emergency personnel in building evacuation. It provides a real-
time database in non-volatile memory of individual car loading and status (i.e.: existing demands
for operation of the elevator) during normal power operation, as a means to establish priorities

during a power failure.

Building Power Outage
In the event of a loss of normal building power, the system will identify the power available
from the emergency generator network and allocate the use by priority as follows; firefighting
elevators first, then dedicated shuttle elevators, then passenger elevators, and then non-fire
freight and service elevators.

The primary objective is to first bring elevators throughout the building to a point where
passengers are off-loaded at the nearest level during power outage. Once this automatic
operation has completed, building operation personnel will be able to manually select
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Figure 2.19. Suzhou Zhongnan Center Elevator Operation - Fire Condition (Source: Gensler)
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Figure 2.20. Suzhou Zhongnan Center Elevator Operation — Non-Fire Emergency (Source: Gensler)
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During the fire condition, elevators will first
return to the main floor via activation of
lobby detectors and/or lobby recall switch.
In the event of a power interruption before,
during or after a fire emergency, the system
will identify the power available from the
emergency generator network, prioritize
orderly evacuation of elevators serving that
portion of the building prior to general
elevator evacuation; evacuating passenger
elevators first, then fire/service elevators, and
then non-fire freight and service elevators.

In this mode, occupants are normally

advised to evacuate to dedicated refuge
areas in mechanical levels and proceed
based on building emergency response
team directions. Several dedicated shuttle
elevators can be used by trained emergency
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response personnel to assist evacuation and can also be used for transportation of
emergency personnel to ground level or to a specific zone of the building.

Non-Fire Emergency

As our society becomes more and more complex, unexpected situations could happen
anywhere, any time any place; building design becomes more and more intricate as a result.
Safe building evacuation requires proper planning and preparation. Based on the type and
extent of an emergency condition, partial or total building evacuation may be required. During
non-fire evacuation condition, trained building emergency response personnel will determine
the procedure and will determine extent of evacuation required. In the event of a power
interruption before, during or after a building emergency, the system will identify the power
available from the emergency generator network and apportion the power as outlined in

the emergency operation program. Where the emergency is limited to one or two zones, the
system prioritizes orderly evacuation of elevators serving that portion of the building prior to
general elevator evacuation; passenger elevators are evacuated first, then non-fire freight and
service elevators.

In this mode, shuttle elevators can be used to assist evacuation and for firefigther use at refuge
levels, similar to the Fire Condition above.

The control of elevators is normally automatic, based upon real-time monitoring of available
generator power, and will then allow manual control of elevators, up to the limit of generator
capacity. Measures will include automatic reduction of elevator energy consumption in order
to provide the greatest number of operating elevators during emergency power operation.
All elevators used for evacuation shall be designed in accordance with applicable codes
similar to firefighter lifts.

Proficient elevator design is essential. Yet, safe evacuation requires a well developed program,
which consists of clearly defined/written guidelines, step-by-step procedures, dedicated
personnel and the regular training and collaboration of governing agencies. The building owner
should initiate the development the program with the design team and fire department at an
early design stage, so as to incorporate all necessary requirements.

Conclusion

While efficient day-to-day transportation of building occupants is the primary objective of the
elevator system, the design of the system must consider occupant safety as the number-one
priority in every multi-floor building design. A megatall building such as the Suzhou Zhongnan
Center creates an enormous challenge for the design team as the need for space, structure,
transportation and occupant safety are carefully balanced in the design and layout of the
building. Similarly, emergency operating conditions for such a building must be considered as
a fundamental component in their design, with consideration given to conditions which affect
the building occupants. Finally, any high-rise building will need to consider occupant evacuation
in various emergency modes as a basic requirement of the design of the building and its internal
systems. Each such building constitutes a vertical city and must be treated accordingly.

PRI T, RGH R AR EALF %
WE R A, IR AR IR RHAT S
B, wREZFHNRTE R EKHH
AR, AT BB AT, T
FFZAR S T2 A B B R
MM, LR A ERK A RS
EEAEXT, A Z R s Bk,
FEAE Hy 8 3 B R B b, X — X E DL
ERKERT oK K AL
AR AT R AL R s, &
A A IAT FRIESR, UREALEE A
ER. AR 1 AR B SR
L, UARERRFEELE PR RHE
WM E R IEAT. TR TR
B % RS AL 'R #AT AT, BB
BB R R

LA BB R A K. AT, RER
BRAEER T AKX, @ AAHNE N
F/EEEE. BFRE. FARK. ZH
BV R EENMEE A, BAL ERAR
HE SR A RH 6, EE
Gl TR, UWEAMALEER.

R

Wb AR TR BT ARIEERAY R P A
FREMEEEEARE, RERIRIHEA
FPREAFHEERARITHE —E4H. &
M R RO R AR R T H
I SR T AR, B AR &
AR ERAREENE., . RERA
FREWERTE. e, LERREAR
SKEY B RIBAT A S AU ARt i AT
¥, BAMTNE R AR
o BB, EFETEEAMEKE S MR
REXTHHFRAEHNRBARNT LS
BT EARR R, BHERERAHM K
T — BEST AR, AR AR B A
W,

References (4% 4 H):

Vertical Transportation Schematic Design Report (Source: Edgett Williams Consulting Group)

ZH. REATRERI | 39



