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Cost Planning and Control
B ALK 5 24

Kenneth Kwan, Rider Levett Bucknall Ltd.

This chapter looks at the major cost drivers of tall buildings such as the overall design planning, foundation and substructure, structure, facade,
architectural works, interior fitting out, elevator provision, building services, etc. With advanced construction technology and land scarcity, the
authors view is that, where there is a financially-justifiable business case, buildings will go higher, but there are hurdles, such as government
regulations and environmental issues. to overcome. As demonstrated in the Ping An case, it relies on establishing a realistic overall budget
through understanding of the common features of tall buildings, all the efforts in tracking the development of the designs, offering cost advice
and cost comparisons for various design options to make it successful.
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Introduction WE

A"tall building; citing CTBUH's criteria, "does not have an absolute definition”and"it is a building BEEN, %CIBUHMI AR, "EH—

that exhibits some element of tallness! In the context of this chapter, the authors regard tall B EN A RAE —SEHETEN

buildings as those over 200 meters tall and 50 stories or more. —NERY . FRERAEXHNEERE, R
152 X & AR50 & LA b R HE 3T 200K & A

Tall buildings are not just the aspiration of architects or engineers; they are also popular with i i

developers. The following are seen as the commercial advantages brought about by the tallness G 78 B

of buildings : mEERIERE T RAITR AT E

A otk A 4 A

+ Only a small amount of land area is needed in exchange for a large amount of floor - ﬁé%ﬁf%ﬂ@@ J@&iﬂ@] e
spaces and real estate values, which is particularly desirable in those already fully DA AL HE 4040 O 8 P B A K T

developed and prominent CBD areas in which land supply is limited SN E

- Tall buildings as iconic landmarks provide an excellent marketing image for the - RRBAT /l\ﬁ%#%&@ ‘,E(, @E
R BUA B E A

developer i \
« With their prominent location, unobstructed and panoramic view of the city allowed #HE. . X?L% BT i/%ﬁ R
o . : ) . o — B RMCBDH R R, B+ 4
by its height, and the quality working environment brought about by high-end interior BB
design and finishes and building services systems, tall buildings are generally more °
attractive to top-tier customers like financial institutions - BERRNERESIERR, TR
HFXEFT - RANTIER
With such height and large number of floors, and sometimes with different floor zones - BRI BAT AR
designated for different functional uses like offices and hotels, tall buildings are inevitably large in B, AR ARG AR
scale and complex in nature, and represent a major investment in most cases. Moreover, contrary WA, ML E AR R
to the general perception that there would be economy of scale, the construction cost per square fofR A7 G, PBE W TR
meter of floor area of a tall building tends to increase as the number of stories increases, and it is Bt — L TMRE P o B AL A
important for developers to have proper cost planning for, and control of, the same. ERARTFA

TwEmEAIEARATRAE, HER
AMBRANBRARE, MERSE
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Figure 2.12. The Ping An Finance Center being constructed within the Shenzhen skyline (Source: Ping An)
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Cost Planning w, WHNE, BEF, RMKLRSE FWERAE. Bk, EAZEERT, BEER

The cost planning and control process
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involved the following: W REFAAAKLMERERENR T LA, B, % RRRE, E2HA

AR EF AL ERN,

1. Establishing of an overall
construction budget based

on known design parameters T2 4Tk P 0 B R AR R Fn i 4

together with the Client’s intended ALK 5 A e 4 DL 4 T
quality/standard of the project. '

Such overall construction budget | REEARA SR, A TAER, TRABEMES, So0EHATEER

would be established at the end
of each stage of design and in line
with the design team's deliverables
for each stage, i.e., the concept
design, the preliminary design, the
detailed design, and the tender
drawings stages.

. Continual tracking of the design
development of different elements
and components at each respective
stage of the design process.

. |dentify any element or component
where, in the course of design
development, the intended design
or choice of materials or technology
is found to be different from the
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Figure 2.13. Parking plans for basement levels three and four (Source: Ping An)
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original assumption upon which the overall construction budget was based, and
would have a significant impact on the overall construction budget.

4. Liaise with the Client and the design team to explore the possibility of value
engineering, and to study and consider various options of designs or choice of
materials or systems in the case of building services. In these cases it is necessary to
provide cost studies/comparisons amongst different options for the Client and the
design team’s consideration and decision making.

5. The outcome of (4) above would then be incorporated into the overall construction
budget, such that the Client would have a clear target for the purpose of cost
monitoring and control at every stage of the project.

In the following pages are discussed some cost-significant features of tall buildings, and
exemplified by the various cost studies cases that were executed in the case of Ping An.

Planning
The following are some common architectural planning features that were observed from the
tall building projects in which the authors have been involved.

Tall buildings are usually located in prominent sites or central business districts (CBDs) of a city.
Apart from the ground-floor level, which usually is used as the main reception / circulation area,
the podium levels and even one or two levels of basement at these locations are usually very
valuable and attract a high selling price or rent. Therefore, unless there are ample parking facilities
nearby, a tall building tends to have deep basements, with the lowest few basement floors used
as car parks. For Ping An, a total of 5 stories of basement is being constructed, with Basement 1
being Retail and Basement 2 to 5 as Loading/Unloading and car parks (see Figure 2.13).
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To cope with the relevant fire safety
requirements / local fire codes, tall buildings
usually have refuge floors to provide fire
separation between different floor zones. For
Ping An, a total of eight refuge floors have
been provided.

Unlike normal buildings, where the building
services main plant such as cooling towers
are either located on the podium roof or
rooftop, in tall buildings the total space
requirement and also the long distance of
circulation ductworks and pipeworks renders
it impractical to locate services on one single
floor to serve the whole building. Rather
they will be found in several MEP floors, each
serving a particular zone of functional floors.
These MEP floors also need to be of higher
story height than normal functional floors

in order to allow the building services main
plant to function properly and for transfer

of pipeworks. The floor loading requirement
may also be higher than for normal
functional floors.

The refuge and MEP floors are usually
non-accountable in gross floor area (GFA)
calculations. Therefore, we have to be
careful in the very initial stage of the
project, when high-level budget estimates
have to be prepared without drawings and
must be based on floor areas as indicated in
the land lease, to make allowances for these
extra floors.

To cater to the long vertical travelling
distance, some tall buildings are designed
to have multi-zone elevator systems, with
each zone served by different groups of
elevators. A shuttle elevator system will
also be adopted, taking the passengers to
intermediate zones for transfer to the top
zone, and therefore additional “sky lobby
floors” will be provided to allow passengers
to be transferred among different zones (see
Figure 2.14).

The relatively deep basement and
numerous floor layouts imply a longer
construction period for tall buildings, which
leads to both an increase in construction
costs and risks. These costs and risks must
be contemplated at the beginning and
controlled until completion.

Figure 2.14. Elevator plan and the “sky lobby floors” (Source: Ping An)
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Figure 2.15. Construction process of the piles (Source: Ping An)
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Foundations and Substructure

Tall buildings are usually designed to rest on bedrock with end-bearing piles (see Figure 2.15).
Theoretically, the taller they are, the lower the per-square-meter foundation costs will be.
However, if the bedrock level is too deep or not suitable for end-bearing, the pile lengths
may increase with the height of the building to account for the overturning moment of the
buildings, the wind load imposed on the top sections of the buildings, and the provisions
against seismic load. These will all drive up the foundation costs.

As mentioned above, most tall buildings have deep basements (see Figure 2.16). The
construction of deep basements and deep foundations using conventional approaches usually
takes a long time. Very often an alternative methodology or construction sequence, to save
overall construction time, like top-down construction, will be considered. Such alternative
methodologies, however, would increase the complexity of construction. In addition, if the
tall building is located near a public transportation / underground subway hub, which is

not uncommon for prominent CBD sites, one would also expect very stringent control and
restrictions on construction activities so as to prevent possible disturbance to public facilities
and neighbors, many monitoring and precautionary measures will also be imposed. The
difficulty of construction will be even greater, and so will be the construction cost of the deep
basement and foundation.

The design and method of construction of the deep basement and foundation thus deserves
careful planning and study in order to arrive at the optimum solution in terms of time and cost.

Structure

Tall building’s structure has to overcome heavy wind loads and/or meet seismic design
requirements, while being efficient enough not to affect the layout / planning of the functional
floors. Structure is always a very significant element of a tall building.
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One must consider not only the time and
cost of the structure itself. For tall buildings,
one must also consider the proportion of a
floor occupied by the structure, and whether
the structural components like peripheral
columns or cross-bracing would obstruct the
prestige views from the building.

As a result of these considerations, it is
almost the norm today that a tall building
structure will be designed as a combination
of structural systems such as reinforced
concrete core wall, structural steel frame

or composite frame, prestressed works

and trusses to reduce the sizes of the
vertical structural elements and maximize
the efficiency in usable floor area. Such a
combination invariably results in higher
structural costs than conventional reinforced
concrete structure. In addition, the physical
constraints during construction, i.e, the longer
travelling time for vertical transportation of
materials and labor, the increased difficulty of
working at high levels etc, also contribute to
the high cost of the structure.

The sheer scale of the structure makes it an
element for which it is worth studying and
comparing different options. The following
are some of the cost studies /comparisons
that were carried out on Ping An:

- Vierendeel vs belt truss scheme

- Reinforced concrete vs composite
reinforced concrete / steel structure
scheme for podium floors

- Typical floor framing with and
without built-up beams

- Typical floor slab with and without
profile steel decking

The final selection in the above had not
been on their order of costs, but on other
aspects, such as the comparative speed
of construction, the advantage of smaller
member sizes, etc.

Facade

In addition to being the envelope of the
building and its main defense against high
wind impact, the fagade is also the most
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Figure 2.16. Construction of the deep basement (Source: Ping An)
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perceivable element of tall buildings. In most cases, the client and the designer rely on the
facade design to create an iconic image of the building, especially where the tall building
stands out from the surrounding buildings in the city’s skyline (see Figures 2.17). In such an
application, the facade would most likely be designed with some special or unique features,
which constitute the higher unit cost of the facade.

The following are the various fagade components that require special attention in cost planning:
+ The facade system itself
- Facade lighting, which allows the tall building to be visible from a distance at night

- Window-cleaning system, which has to account for a high wind speed, and necessitates
cast-in anchors to secure it to the facade. The iconic form or shape of the tall building
may also necessitate different types of window cleaning systems. For the Ping An
project, a total of 10 window-cleaning systems have been provided.

The following are some of the cost studies/comparisons that were carried out on Ping An :

- Different types of glass

- Different fagade lighting schemes including the power consumption

Figure 2.17. Installation of the fagcade (Source: Ping An)
B 217 fae s e 2 3 (RIR: P &)
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The author's role was focused on checking the
total fagade cost at each stage of the design.

One interesting feature of Ping An upon
which cost comparisons were carried out
was the spire. The following were considered:

- Option 1 - Spire reaching 660m high
- Option 2 - Spire reaching 648m high
« Option 3 - Spire reaching 636m high

Notwithstanding that the construction cost of
Option 1 is obviously the highest, followed by
Option 2 and then Option 3, the three options
had different implications on the structure.
For Option 1, redesign of the spire structure
including both the base and the mast, and
recheck of the main structure would have
been necessary, which would take seven
weeks for re-design and re-evaluation.
Whereas for Option 3, re-design of the spire
structure is required only, and would take five
weeks for re-design and re-evaluation.

Architectural Works, Finishes and Fitting-
out of Public Areas

Although these elements are area-and-
quality related rather than height-related,
one would expect the unit cost to be
generally marginally higher than that of
typical buildings, since internal finishes of tall
buildings are generally at the uppermost end
of the cost range to project the prestigious
image of their occupants.

Another observation is that for tall buildings,
the ground-floor story height is usually
comparatively higher than that of typical
buildings, which, according to some
designers, provides a better proportion for
the whole building and at the same time
offers the grandness of the reception lobby
of a prestigious tall building. For Ping An, the
ground-floor story height is 12 meters and the
clear headroom is 9 meters. The fitting-out
cost of the ground-floor lobby is therefore
comparatively much higher than normal
lobbies of 4 — 5 meters clear headroom.
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Elevator Provision

The cost of elevators in tall building is much
higher than other standard buildings due to
the fact that there are more elevators and
the elevators are high speed. Multi-zone
elevator systems are usually adopted for tall
buildings to reduce both the time of travel
and waiting time related to the number of
stops. In addition, to increase capacity while
limiting the space taken up by the elevator
shafts, sometimes double-deck elevators
are employed.

Cost studies of different elevator
arrangement options are common for

tall buildings, but the difference in cost

of different elevator provisions have to

be weighted against the consumption of
floor space by the elevator shafts / elevator
circulation spaces (i.e, the impact on the
efficiency of floor plans), the waiting time of
different elevator arrangements etc.

For the Ping An project, the elevator scheme
finally adopted comprises seven zones of
office floors, two sky lobby floors and one
observation floor, and served by three high
speed elevators (over 10m/s), 12 high speed
shuttle elevators (7 — 9m/s), 36 double deck
passenger elevators (3.5 — 10m/s), 4 high
speed service elevators (10m/s) and 2 other
elevators.

Building Services

The height of tall buildings means long
service run distances, and this has been the
main consideration in the design of building
services systems. For water-related systems,
it also means higher water pressure, for both
the supply and discharge systems. The size
of the pipeworks would also be enormous

if all the floors were to be supplied, or

if all effluent from all floors were to be
collected by a single system. Hence, in
most cases, the building services systems
of tall buildings are divided into separate
zones, each with its own plant located

on intermediate plant floors. With this
arrangement, an extra number of pumps
and major plant are required for transfering
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Option For total cooling load For emergency cooling | Order of Total Cost
IR RABER A A EE RABEALGHRE | RABRKIETF N
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Water-cool chillers at 3 air-cooled chillers at
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Table 2.1. The six equipment arrangement options for chilled-water schemes.
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Order of Total Cost
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6 10KV, 2000KW gensets interchange with
city supply at HV supply

64110KV, 2000KW K B4 & Fl B R, Fo

6 No. 10KV, 2000KW gensets with own
transformers to provide LV supply directly
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TR AR IR

supply directly

H R

6 No. 0.4KV, 2000KW gensets to provide LV

6410.4KV, 2000KW % HE LA B # 47 (KR
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4 No. 10KV, 2000KW gensets with own
transformers and 2 No. 0.4KV, 2000KW
gensets to provide LV supply directly
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A JE B FDL04KY, 2000KW K B 120 B 5

Table 2.2. The four equipment arrangement options for emergency power supply.
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and distributing services within each zone, resulting in higher costs.

The subdivision of the building services systems into different zones allows different
combinations of equipment to be studied and considered. The following are two systems
studied for the Ping An project.

Chilled-Water Schemes

This case is for the equipment arrangement for chilled water production under the HVAC
system. The total cooling load required is 17,000 RT and the emergency cooling load required is
1400 RT. Six different options of equipment arrangement were studied (see Table 2.1).

Although the cost is comparatively the highest, Option 2, which offers the most scalable chilled
water supply with the lowest water pressure, was finally adopted out of technical considerations.

Emergency Power Supply Schemes
This case is for the equipment arrangement for emergency power supply systems. Four
different options of equipment arrangement were studied (see Table 2.2):

Option 4, which offers high-voltage supply to high zones to minimize power loss, and low-
voltage supply to low zones is, finally adopted out of technical and financial considerations.

The above cases demonstrate that building services design of tall buildings is a complex
undertaking, and there are many areas for which one can consider different options. The most
appropriate option must be selected through careful studies.

Conclusion

With the advancement in construction technology and scarcity of land resources, the author's
view is that, where there is a financially justifiable business case, it is envisaged that developers
would like their buildings to go higher, but there are hurdles like government regulations

and environmental issues to be observed and overcome. Cost planning and control of the
construction cost is therefore an essential part in the assessment of the financial viability

of any tall building project. As demonstrated in the Ping An case, cost assessment relies on
establishing a realistic overall budget through awareness and understanding of the cost-
significant features of tall buildings, and significant efforts in tracking the design developments
and offering cost advice and cost comparisons for various design options to make it successful.
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