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Glen is a Chartered Professional Engineer holding

a Bachelor of Engineering degree and also has a
Building Surveying qualification. In his 25 years
industry experience he has designed many major
developments; but his real passion is elevator design
in tall buildings.

He actively contributes to the Australian construction
industry having participated in Property Council

of Australia committees, the Victorian Government
Building Appeals Board and Building Code review
panels.
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Abstract

Elevators are the most important service in modern high-rise buildings, occupying more
space than any other service. With increasing land and construction costs and the need to be
economically sustainable, the pressure to increase building floor areas grows each year.

Advances in technology have enabled elevators to develop from early speeds of 0.2 m/s, to
today’s high speed elevators which can reach speeds faster than 16 m/s, allowing people to

move vertically more efficiently.

This paper discusses the technologies developed which can improve elevator services,
minimize building cores and increase building efficiencies while meeting the demands of

architects, developers and occupants.

Keywords: Elevator, Double-Deck, Building Efficiency, Hall Call Allocation, Regenerative

Drives, Twin.
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Introduction

In 1851, Elisha Otis was a factory manager and
part-time inventor working for Maize & Burns
in Yonkers, New York. Given the task of moving
debris from the ground floor to the upper level
of the factory, he thought of using a hoisting
platform, but realized they were unreliable

and often failed. Otis invented a safety device
which prevented the platform from falling if
the rope failed, making the task safer.

Initially, Otis thought very little of his
invention. Back then, he couldn't have
imagined the influence his safety device
would have on the development of

the elevator and its role in allowing the
construction of tall buildings.

Since 1851, the world’s population has
increased by more than 6 billion people and
is continuing to grow rapidly. Every year
there is less area per person to live on making
land more scarce and more valuable, and
increasing the need to build taller.
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Figure 1. Central Hong Kong - 1869-1900 (Source: https://www.flickr.com/photos/
andrewlyk1978/11135689446/)

P 1: 18694 £ 19004 89 & & 71 (R IR: httpss//wwwiflickr.com/photos/
andrewlyk1978/11135689446/ )

Figure 2. Victoria Harbour Hong Kong - now (Source: http://www.worldpropertychannel.

com/europe-commercial-news/london-is-most-expensive-office-market-cushman-
wakefield-hong-kong-cbre-jones-lang-lasalle-global-office-markets-8013.php)

VE2: A 8 4 4 Al # (TR IR hitpy//www.worldpropertychannel.com/europe-
commercial-news/london-is-most-expensive-office-market-cushman-wakefield-hong-
kong-cbre-jones-lang-lasalle-global-office-markets-8013.php)

Hong Kong provides an illustration of how population growth has
shaped many of the world’s major cities. Hong Kong had population
of around 33,000 in 1851. Figure 1 is a photograph of Central Hong
Kong taken some time between 1869 and 1900. This is contrasted
with Figure 2 which is an image of the same area today, an area
which is now estimated by countryeconomy.com to be home to
more than 7.1 million people. Cities like Hong Kong have been able
to continue to accommodate increasing populations by building
upwards, with more tall buildings being constructed every year.
Elevators have a major role in allowing access to tall buildings, on the
development of our cities and the way we all live.

Every day there are more than 7 billion elevator journeys taken in
buildings all over the world - the equivalent to the entire population of
the world taking a daily journey in an elevator

Tall Buildings

With growing populations and increasing urbanization, the need for
more people to live on less land makes the increasing construction of
tall buildings inevitable. The continuing development of the modern
elevator has been a major factor in the ability to construct and access
tall buildings. Traditionally the technological advances in elevators have
been increased speeds and improvements in elevator traffic control.
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Figure 3. 488 Broadway (Source: http://commons.wikimedia.org/wiki/File:E.V._
Haughwout_Building.JPG)
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Elevator Speed

The world's first Otis elevator was installed at 488 Broadway, New
York in 1857 (see Figure 3). It was steam powered and operated at a
speed of 0.2 m/sec. Elevator speeds have increased progressively with
technology to the world’s current fastest elevators at Taipei 101 which
are capable of travelling at a speed of 16.8 m/sec, or 60km/h.

Without these technological advances, access to tall buildings wouldn't
be practical. If 0.2 m/sec elevators were installed in Taipei 101, it would
take around 40 minutes to reach the highest occupied level, assuming
the elevators didn't stop. The same journey in the building'’s modern
high speed elevators takes around 37 seconds.

Speed has been a major factor in allowing people access to tall
buildings, but there are practical limitations to elevator speeds and
accelerations. As a result, development of other aspects of elevators
will be the catalyst for further improvements in building efficiency.

Elevator Traffic Control

Elevator traffic control has evolved from early elevators which were
manually controlled by an attendant seated inside each car, to modern
controls which automatically optimize the operation of the service.
Modern elevators use sophisticated control algorithms such as full
collective control, dynamic sectoring and artificial intelligence to make
elevators easier to use and more efficient.

A recent elevator control system being installed increasingly is hall call
allocation. With hall call allocation or destination dispatch, users enter
their destination at a keypad installed in the lobby, and the system
assigns an elevator for them to travel to their destination. Each passenger
then enters the elevator assigned to them for the journey to their floor.

With this system, elevator users with the same destination are grouped
to the same car. As a result, each elevator car typically makes less

stops through its round-trip journey, reducing the journey times and
increasing the handling capacity of the service.

Hall call allocation controls provide improved performance and, in some
applications, can reduce the number of elevators required in a building.
Hall call allocation is effective in applications such as office buildings,
where a high proportion of the buildings occupants require a service
from the main foyer to their destination floor during peak times.

Energy Efficiency

Elevators can be significant energy consumers in buildings. Hutt, B. et
al (2004) suggest that elevators consume between 5% and 15% of a
buildings energy usage. Increasing the efficiency of the drive systems
using modern drives can have a significant impact on the buildings
carbon footprint.

Early steam powered, and hydraulic elevators consumed significantly
more electricity than today’s modern elevators. Modern variable
voltage, variable frequency drives consume less than one quarter of
the energy consumed by hydraulic motors.

Regenerating drive systems return the energy of an elevators
downward journey back to the electricity supply, and can significantly
reduce the overall elevator energy consumption. KONE estimate that
their regenerative drives can return as much as much as 30% of the
elevators energy consumption back to the grid.
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Barney (2006) suggested practical methods of improving lift energy
efficiency such as: switching off lift car lighting and auxiliaries when
lifts aren’t being used, and shutting down lifts during periods of low
traffic demand.

Control systems which transport passengers efficiently to their
destination with a minimum number of journeys and stops, combined
with modern variable voltage, variable frequency drive systems,

and practical energy conservation measures are making elevators
increasingly energy efficient and sustainable.

Building Efficiency

With increasing land and construction costs, the key to building a
modern skyscraper that is economically sustainable is increasing the
building efficiency, which means reducing the size of the building core
and plant spaces to optimize the yield.

As the service which occupies the most floor space in a building;
elevators provide the greatest opportunity for space savings and
efficiency improvements. In tall buildings, saving just one shaft can have
a significant impact on the building efficiency and the feasibility of the
development. Recent elevator technologies offer further opportunities
to improve building efficiencies by allowing the installation of less
shafts while still achieving the same level of performance.

Double-Deck Elevators

Double-deck elevators comprise two decks attached together,

one on top of the other, allowing the elevator to serve two floors
at the same time. Double-deck elevators require a double height
main lobby so that passengers can load the upper and lower decks
simultaneously (see Figure 4).

While double-deck elevators have been available for many years, they
have traditionally operated on an odd/even basis, with one of the

decks serving the odd numbered floors and the other deck serving the
even floors. This required stairs or escalators at the main lobby so that
passengers could move between the upper and lower level lobbies to

get to the appropriate main lobby for their destination floor. Historically,
double-deck elevators fell out of favor because of passenger dissatisfaction
with having to transfer levels at the main lobby and due to non-coincident
stops. These are where the elevator stops at a floor to allow passengers

of one of the decks to enter or exit the elevator while there is no one
entering or exiting the other deck, even though it is stationary.

Figure 4. Double-deck Elevator (Source: http://ottawaphotography365.com/wp-
content/uploads/2012/12/Blog-Posts-Photos-168.jpg)

[El4: 32 7 i e, 86 (IR http://ottawaphotography365.com/wp-content/
uploads/2012/12/Blog-Posts-Photos-168.jpg )
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However, with the addition of hall call allocation to double-deck
elevators, passengers can be assigned the most efficient elevator
selection. Knowing each passengers’ destination enables the system
to allocate passengers to elevator decks and cars strategically, allowing
passengers to catch their elevator service from either the upper or the
lower lobby, improving the overall performance of the service and
minimizing non-coincident stops.

Double-deck elevator cars boost the effective handling capacity

of the system and provide the ability to allow a large number of
passengers to reach their destination floor with a reduced number
of shafts, providing more efficient building cores. This arrangement
was pioneered in Broadgate Tower in London, where KONE double-
deck destination dispatch elevators were installed to reduce the total
number of elevator shafts in the building.

Twin

This product was developed by ThyssenKrupp Elevator and comprises
two elevators within the same shaft. Figure 5 shows the Twin
installation in the Main Triangel building, Frankfurt, Germany.

The two elevators are completely independent in operation, and
each comprise their own machine, counterweight, guiderails etc.
The systems are provided with a number of safety devices to ensure
that the cars do not come too close together during operation. Hall
call allocation is a critical part of these safety systems as it allows
passengers to be strategically assigned to upper or lower cars and
ensures that the two cars operate safely within the single shaft.

The preferred design arrangement is a double height main lobby
similar to that required for double-deck elevators, to enable the
passengers to simultaneously load the upper and lower cars. Twin can
also operate with a single level main lobby.

Twin can effectively be used to reduce the overall number of shafts
in a wide range of tall buildings such as offices, hotels and mixed-use
towers, while maintaining an equivalent level of service.

Case Studies

The following case studies demonstrate how these technologies
can be used strategically in modern buildings and the benefits and
efficiency improvements which they can make possible.

Case Study 1: Rialto South Tower, Melbourne Australia

The Rialto Towers are premium grade office towers located in Collins Street,
Melbourne. Meinhardt engineers undertook the innovative design of the
structure of these landmark towers over 30 years ago, the construction

of which was completed in 1986. The Rialto South Tower (see Figure 6)
remains the tallest office tower in Australia when measured to its roof.

The existing South Office tower utilizes 4 passenger elevator services,
comprising a total of 20 passenger elevators as follows:

-+ Low rise elevators (serving L1 to L12)

+ Mid rise elevators (serving L12 to L24)

- High-Rise elevators (serving L24 to L37)
- Sky rise elevators (serving L37 to L54)

An alternative elevator design was considered for the tower utilizing
2 banks of double-deck destination dispatch elevators. For the

Figure 5. TWIN (Source: http://davieselevator.com/2011/06/21/thyssenkrupp-elevators-
twin-elevator-system-breaks-through-to-the-chinese-market/)

5 — # WA (%K IE: httpy/davieselevator.com/2011/06/21/thyssenkrupp-elevators-
twin-elevator-system-breaks-through-to-the-chinese-market/)

Figure 6. Rialto South Tower (Source: https://www.flickr.com/photos/13994192@
NO07/2493992979/)
He: B T4 # (RIE: https//wwwflickr.com/photos/13994192 @ N07/2493992979 /)
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alternative design, the low rise service would comprise 6 No. 1800kg
double-deck destination dispatch elevators and would serve levels 1
to 29.The high-rise service would comprise 6 No. 1600kg double-deck
destination dispatch elevators and would be configured to serve levels
30 to 54. A mezzanine lift lobby would be provided at the main entry.

The service core for alternative double-deck destination dispatch
design is compared with the original core design in Figure 7.

The alternative services have been selected to achieve an equivalent
level of performance to the original elevator services. However,

the alternative passenger elevator design requires 12 double-deck
elevators, while the original design utilizes 20 passenger elevators. As
aresult, there are 8 less elevators and 8 less elevator shafts. Installing
less elevator shafts provides the opportunity to gain floor area in the
building. The alternative design would allow an additional 2850m? of
floor area for tenants of the building, which is the equivalent in area of
almost 3 floors of the building. With premium Melbourne CBD office
space rental currently at $475/m? per annum, this extra space could
provide an additional AU $1.35M in annual rental income.

Premium Collins Street office space in Melbourne is currently valued at
around AU $10,000 per m? making the additional value of the building
due to the extra floor space of the order of AU $28 Million.

Double-deck destination dispatch can provide substantial reduction in
the number of elevator shafts in office tower developments, increasing
the usable area and potentially the value of the building.

Case Study 2: Pudong Kerry Centre Hotel, Shanghai

The Pudong Kerry Centre Development in Shanghai is a mixed-use
development which comprises a hotel, office building and serviced
apartments in 3 separate towers. The 31 story hotel building (see
Figure 8) comprises the following:

+ Ground floor lobby

+ Level 2 Restaurant

« Level 3 Function Rooms

- Level 4 Hotel facilities

- Levels 7 to 31 - 600 luxury hotel rooms.

The hotel passenger elevator service comprises 6 elevators.

An alternative passenger service comprising Twin elevators (2 elevators
in a single shaft) was considered, based on Twin elevators in a total of
4 shafts. The lower Twin cars have a speed of 3.5 m/s, while the upper
Twin cars have a speed of 5 m/s.

The alternative Twin design arrangement requires 2 less shafts. The
reduction in the number of elevator shafts allows a reduced core size.

The overall floor area saving from installing 2 less elevator shafts and a
smaller lobby on each floor is more than 830m?, which is equivalent in
area to 20 hotel rooms.

Twin elevator designs can provide floor space savings in a range of
different building designs by reducing the required number of shafts.

Original Lift
Design 15 S T © T © i 6
4
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Nej
Alternative
Lift Design A0 @] @] J @] N\
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Figure 7. Rialto South Tower Elevator Core (Source: Meinhardt Pty Ltd)
E7: R HEEHLOH CRIR: ZaE AR L)

Figure 8. Pudong Kerry Hotel (Source: http://www flickriver.com/photos/
businesstraveller/sets/72157627579874581/)

E8: tigE R E B AW E Gk Ehttp//wwwiflickrivercom/photos/businesstraveller/
sets/72157627579874581/ )
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Case Study 3: Mixed-Use Building
This study considers a 53 story mixed-use development as shown in
Figure 9.

The building comprises a 5 Star Hotel on levels 1 to 34 and Grade A
office accommodation on levels 36 to 50.

The building has a hotel foyer at lower ground level and an office foyer at
the upper ground level. The Hotel function rooms are located on Level 1.

Escalator services connect the lower and upper lobbies as well as the
level 1 function rooms. Above the function rooms are 800 hotel rooms
located over 32 levels.

The 18,750m? of office space are located in the upper 15 levels of the
building.

The service core for this building as it would be designed using
traditional elevators and for the alternative Twin arrangement are
compared in Figure 10. The traditional design requires 21 elevators;
while the alternative Twin arrangement requires 12 elevator shafts,
with the hotel and office passenger elevator cars located in common
Twin shafts. Two of the hotel service elevators are configured in a Twin
arrangement with the office service elevators.

Figure 9. Mixed-Use Tower (Source: Meinhardt Pty Ltd)
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The alternative design provides a floor area saving of approximately
4200m?, which is equivalent to more than 3 levels of the building when
compared with the traditional arrangement. The alternative service
provides a high level of service because the peaks for the office and
hotel do not occur at the same time. For instance, during the office
morning up-peak there are more than the required 8 passenger
elevators available for use by the office staff, because the office morning
up-peak does not coincide with a peak for the hotel service. Similarly,
during the hotel’s evening peak the office levels are largely unoccupied,
allowing many of the elevators to be available for the hotel guests.

Twin elevators can be very effective in saving space in mixed-use buildings
because of the benefits of boosted performance due to non-coincident
peaks of the building uses to provide an excellent level of service,

Conclusion

Developments in elevator technologies including elevator speed
and controls have made tall buildings accessible and have enabled
the growth of modern cities like Hong Kong. Technologies such

as regenerating drive systems, hall call allocation, double-deck
destination dispatch and Twin allow tall buildings to be constructed
more efficiently than ever, making high-rise development
economically sustainable. The elevator safety device allows people to
travel vertically through buildings safely and efficiently every day.

That day in 1851, Otis may have felt differently about his invention if he
could have seen today’s cities and known that now there are over 250
million elevators in use worldwide.
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Figure 10. Mixed-Use Tower Elevator Core (Source: Meinhardt Pty Ltd)
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