Co
N 0n
S T
—
= and

LN

|-‘

Title:
Author:

Subjects:

Keywords:

Publication Date:

Original Publication:

Paper Type:

. CTBUH
2= Research Paper

The Rejuvenation of a Tall Building
Albert Williamson-Taylor, Director, AKT Il Limited

Building Case Study
Structural Engineering

Concrete
Construction

Density

Design Process
Foundation
Renovation

Structural Engineering

2016
Cities to Megacities: Shaping Dense Vertical Urbanism

Book chapter/Part chapter
Journal paper

Conference proceeding
Unpublished conference paper
Magazine article

Unpublished

o0k b=

© Council on Tall Buildings and Urban Habitat / Albert Williamson-Taylor

ctbuh.org/papers


http://ctbuh.org/papers

The Rejuvenation of a Tall Building

SRERHE

Albert Williamson-Taylor

i 11
Director | 214

AKT Il Limited
AKT IBIRAF)

London, United Kingdom
e, RE

Albert Williamson-Taylor, who founded AKT with Hanif Kara in
1995, combines the practice-wide role of overseeing design
and technical matters with leading a design group, allowing
him to infuse the many projects with which he is involved
with cutting-edge technology. He enjoys providing project
development input and ideas to clients and architects at

the early stages of any project. Williamson-Taylor has been
responsible for driving the technical direction of the practice
and is also involved in determining the direction of Part (our
computational research group) within AKT Il.
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Abstract | fFE

The incredibly rapid urbanization observed in many of the larger cities in the world is forcing
society, and the construction industry in particular, to think of new ways to address this
enormous demand. As cities grow, land becomes more valuable and thus scarcer; over time this
land is also overdeveloped, as over the years different buildings are constructed in the same
footprint. This paper discusses the merits of a different approach to the same question: how can
more habitable space be created in the ever-decreasing available footprints? The South Bank
Tower project in Central London seeks to pose a set of answers by pushing its existing structure to
new limits through the addition of 11 floors on top of the existing 30-story tower.

Keywords: Cities, Densification, Elegance, Rejuvenation, Remodelling, Smartness
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The incredibly rapid urbanization observed

in many of the larger cities in the world is
forcing society, and the construction industry
in particular, to think of new ways to address
this enormous demand. As cities grow, land
becomes more valuable and thus scarcer; over
time this land is also overdeveloped, as over
the years different buildings are constructed

in the same footprint. This paper discusses

the merits of a different approach to the same
question: how can more habitable space

be created in the ever-decreasing available
footprints? The South Bank Tower project in
Central London seeks to pose a set of answers
by pushing its existing structure to new limits
through the addition of 11 floors on top of the
existing 30-story tower (Figures 1 and 2).

Designed by Richard Seifert, an eminent
post-modernist of his time, the existing
structure is a well-publicized building built
in the early 1970s on the southern bank of
the River Thames. The site is a congested
island containing three buildings: the
30-story tower; a six-story, T-shaped office
building; and a 10-story residential building
which remained in use throughout the
redevelopment process.

Figure 1. Rendering of South Bank Tower expansion
(Source: KPF)

London Underground train lines run across F .
Bl WMEMRE CRR: KPF)

the site, between the taller tower and the
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Figure 2. Before and after photograph of South Bank Tower (Source: KPF/AKT Il Limited)
B2 MBERA, BEHSXEE KR KPF/AKT IBRAF)

T-shaped building, and directly below the
tower foundations. The tower was founded
on a piled raft with under-reamed piles. The
raft bridges over the Waterloo and city line to
creating a piling exclusion zone on either side
of the London Underground tunnels.

The design of the development occurred
during the era of Brutalist architecture and,
as such, it contained exposed concrete

Figure 3. Site plan (Source: AKT Il Limited)
ES. 7T EE CRR AKT IERAF)

elements. The floors of the tower structure
typically consist of 380-millimeter-thick
reinforced concrete waffle slabs and a central
concrete core. The tower plan is split into four
corner quadrants, with large concrete blade
columns indicating the start of each quadrant.
The northeast and southwest quadrants are
curved while the northwest and southeast
corners are closed with right angles, creating a
symmetrical building on plan (Figure 3).
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Figure 4. 3-D rendering of the project, before and after (Source: AKT Il Limited)
E4. EASDMRE, oS 5XsE B AKT IBIRAE)

The tower has expressed perimeter
structural columns at 2.68-meter centers
which pass through the facade. These were
constructed in single-story lifts fixed to the
slab above and pinned with dowel bars to
the column below. The external profiles

of the tower step outwards with the aid

of wide columns; this step varies around
the tower and occurs between the second
and ninth floor of the tower building. The
floors adjacent to the steps in profile are
of 380-millimeter solid reinforced flat slab
to accommodate post-tensioned Macalloy
bars. During the design and construction,
it was imperative that these Macalloy

bars were not overstressed and remained
protected during construction.

The site is underlain by a significant
thickness of made ground, below which is
alluvium, Kempton Park gravel, and London
Clay. The underlying London Clay comprises
of stiff to very stiff dark grey silty clay with
occasional partings of silt and sand which
extend to the full depth of the boreholes
(40 meters below ground level). Due to the
proximity to the River Thames, the water
level was tidal and varied between three
and five meters below ground level.

The Project

The presented scheme is the
redevelopment and extension of both

the 30-story tower and adjacent six-story
podium; 11 stories were added to the tower
and three stories to the podium building.
To maximize the value of the site, new two-
story basements were constructed around
the existing buildings (Figure 4).

To explore the concept of extending the
tower buildings, it was important that the
client be convinced that the proposal was
both feasible and viable. The discussions
on viability were intertwined with the
engineering aspirations. Detail information

therefore had to be presented early in the
process both to the client and the planning
authorities. The value put on the sustainability
and reuse benefits by the architects, as well
as the benefits of the public realm spaces
created, were key components of the
planning approval.

The development transformed an office
complex into a mixed-use site. The six-story
podium was upgraded with the addition of
three floors and the relocation of its cores; this
provided the finished development with both
sufficient commercial floor area, and a private
residential roof garden. The tower remained
an office below level 10, and is residential
from level 10 up.

Stability

A fundamental understanding of the existing
building was essential to exploring the extent
of the tower’s potential height increase. This
included, but was not limited to, the existing
stability system. Information from structural
drawings and investigative surveys were
reviewed and assessed. The building was re-
analyzed to the original code, thereby allowing
the team to understand the thought process
when the original design was undertaken forty-
five years ago. An assessment of the existing
tower was undertaken using finite element
analysis models to establish overall and local
structural capacities.

It was established that, under high winds,
the core of the existing building would
experience some tension forces on the
windward face of the core. This forensic
analysis was confirmed by reviewing the
existing structural detail drawing and
confirming that cores had been detailed for
this tension force. This initial analysis allowed
us to conclude that whilst the existing design
was adequate for a 1960/70s design approach,
due to changes to the code, material testing
and modern design techniques, the existing

T
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system had some residual compression
capacity, but only limited tensile capacity. As
such, the addition of the new stories would
pre-compress the cores, helping to reduce or
remove the tension.

However, if the proposed core had simply
been extended upward, the core walls would
have been overstressed. Due to changing wall
thickness and reinforcement, the overstress
would not have been isolated to just the
lower floors and therefore, strengthening the
walls for this design approach would not have
been viable (Figure 5).

The permanent stability design uses four
six-story-high concrete walls (wing walls) to
engage the four existing quadrant columns
as part of an outrigger stability system. The
outrigger system generated a longer lever
arm and reduced the stress in the core
compared to the simple extended system.
The existing outrigger columns were formed
of a mixture of pre-cast and in situ concrete.
The pre-cast elements were constructed

as single-story lifts fixed to the slab above
and pinned to the level below. As such, the
columns had limited tension capacity. The
columns could not be strengthened as the
concrete finish was exposed as part of the
tower facade. Due to this limit, the full width
of the floor plate could not be engaged as the
lever arm; therefore, the lever arm was limited
to the distance from the back face of the core
wall to the outrigger columns. To ensure the
outrigger columns do not take any tension
force in the permanent condition, a vertical

Figure 5. The structural stability approach (Source: AKT
Il Limited)
E5. EMIREENNRITAE KR AKT IBIRAH)

sliding joint was detailed between the wing
walls and the columns (Figures 6 and 7).

Due to the configuration of the wing walls,
large forces develop along the top and
bottom of the walls depending on the wind
force direction. To restrain the horizontal
force, large bands of traditional reinforcement
were introduced into the wing walls and
continued into the new core. These forces
were distributed across the core through a
thickened floor plates within the core. The
lower levels of the outrigger columns were
strengthened with concrete jackets. This
enabled them to support the additional
vertical load from the tower extension and all
the new lateral stability forces.

A CFD wind assessment was undertaken with
the codified loads to clearly establish the
difference between the original design’s wind
loads and present day wind loads, resulting
on the building being classified as mildly
dynamic. The CFD wind analysis reduced

the wind forces by 40 percent in the one in
50-year wind intensity values when compared
with the original forces for which the tower
was designed. With both the outrigger
column and the CFD analysis, deflection of
the building due to wind loading was in the
order of 1:1,250 (Figure 8).

A new site-specific ground investigation was
carried out as part of the initial investigative
works. By back calculating the pile capacity
using the values obtained from the new
investigation, the existing piles were found

Figure 6. Site photograph of completed core (Source:
Central Photography)

E6. ROERMENIHERA R Central
Photography)
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Figure 7. 3-D analytical model of tower (Source: AKT Il
Limited)
7. BHHGD TR CRR: AKT IIFRRAE)
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Figure 8. CFD wind analysis (Source: AKT Il Limited)

H8. HERENZ(CFORNEEM T KR AKT IBRAF)

to have sufficient capacity for the proposed
project. One of the key constraints therefore
became the capacity of the existing

raft which spanned over the London
Underground tunnels. By using a forensic
approach to assessing the existing capacity
of the raft — using finite element software,
the enhanced strength of the concrete and
by modeling the installed reinforcement

— we were able to verify that the raft had
sufficient capacity.

Core Modifications

Due to the tower’s change in use, modern
servicing and access requirements,
substantial modifications to the existing
core structure were required. Therefore
both the global stability and the local
strength of the core needed to be re-
analyzed. The analysis had to factor in

the program for the partial demolition
and strengthening of the existing core,
the tower extension, the removal and
installation of new and existing cladding,
and the loads from temporary cranes

and hoists. The conclusion of this analysis
enabled multiple work fronts to take place
simultaneously on different levels within
the tower. This enabled the eventual
phased completion and hand over of the
tower apartments.

The architectural and servicing requirements
meant that new structural walls could be
introduced to the core, so that despite the
demolition required, the final stiffness of the
core was reduced by only 17 percent. The
increase in the vertical load on the core and
change in the stability system ensured that
the tension stress found within the existing
system was eliminated. It was therefore only
necessary to strengthen the walls above

some door openings to account for localized
points of stress. This was done with steel
plates which allowed the redistribution of
local forces and replaced the reinforcement
cut when creating the new opening. The
steel plates were designed to allow a
200-millimeter service zone between the
plates and ceiling, and a limited number of
100-millimeter service penetrations through
the plates (Figures 9 and 10).

Figure 9. Pile capacity summary (Source: AKT Il Limited)
E9. HEMAHA KR AKT IBRAR)
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Figure 10. Core modification sequence (Source: AKT Il Limited)

E10. ROBEMNEE CBR AKT IBRAF)

Figure 11. Tower extension (Source: AKT Il Limited)

B ROBESEMIEE COR: AKT IBRAF)
New Superstructure

The tower was extended 11-storeies, utilizing
a steel construction with composite deck and
lightweight concrete. The existing columns’
load capacity was limited by the post-
tensioned cabling at the existing column step
locations. To minimize the increase in load on
the columns and to maximize the loading -
and therefore the benefit of pre-compressing
the existing core — the design principle was
to support all new floors directly from either
the core structure or outrigger columns. The
southeast quadrant is the exception; here, the
existing columns do not step outward and
hence there are no post-tensioned cables.

Concrete wing walls and steel hangers were
constructed from level 30, varying to levels 34,
35, and 36.The concrete walls were used where
the vertical support was part of the stability
system, as the stiffness of the wall was critical

to the stability. To enable a rapid construction,
steel hangers were used where stiffness was
not critical to the stability. Early co-ordination
with the design team was required to maximize
the value of the apartments around these
structural constraints.

The upper levels of the new structure are
supported on columns sitting on either the
new wing walls or steel hangers. Between

these columns are fabricated sections which
are cranked and pre-cambered to take out
the dead load deflection. The steel hangers
consisted of two sets of vertically stacked
systems, each of three 100-millimeter-
diameter diagonal rods with 85-millimeter
solid gusset plates. The cables were pre-
stressed to evenly balance the load between
the six cables. The hangers were tied back into
the cores with two sets of two 100-millimeter-
diameter rods and bands of traditional
reinforcement, which distributed the load
around the core (Figure 11).

The steel frame system and its relationship with
the stability system meant that it would move
differently to the existing concrete frame, as

no direct connection is made around most

of the perimeter. This differential movement
was mitigated by tying all the new floors
together with columns, which lined up with
the cladding mullions, and by increasing the
tolerances in the finishes between levels 30
and 31 (between the new and existing floors).

Conclusion

The South Bank Tower now exists in its new
form within the tall buildings cluster-zone
south of the River Thames, rejuvenated with
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Figure 12. Rendering of the completed scheme (Source: KPF)

E12. INETFMAENNEE BR KPF)

its sight on the future. It is now a true tower,
responding to its environment with major
improvement to its connection to the ground
plane whilst addressing densification and
mixed-use programs, and reflecting city-wide
and national visions for planning policies for
this part of London.

Historically, London was a low to medium-
rise city with St. Paul's Cathedral dominating
the skyline at a height of 111 meters; that

is, until the 1960s when the BT tower
exceeded that height. Since the “London
Plan”was introduced in conjunction with
local authorities’ densification plans with
the expected population growth — forecast
to rise from 8.3 million to 10 million by
2020 - pressure on space is inevitable.
Planning within established, under-resourced
developments, including towers, could
provide answers.

Working on buildings constructed between
the 1960s and 1980s encourages designers
and city planners to re-explore the
configuration of their established ground
plane while increasing height within the
context of the urban fabric they reside. The
robustness of these buildings, in a number
of cases, far exceeds the forces imposed

on them. A large area of inner city London
boroughs have buildings which can benefit
from this approach without impinging on
London'’s views of St. Paul’s.

Advances in computational tools, such

as CFD wind analysis and finite element
software, has allowed us as designers to
utilize many different and complex systems
at once, and analyze their cumulative effects.
The maximization of existing buildings is
also an inherently sustainable process, as

it minimizes the energy and waste created
by the demolition and construction of
new ones. The South Bank Tower meets all
modern standards; it is sustainable in its
reinvention and it has increased its overall
NIA by 50 percent across the project as

a whole, all without losing its original
architectural pedigree.

By forensically studying and understanding
the design, buildings of this or any era,

could, and perhaps should, become a key
component in solving the problem presented
by rapid urbanization within a finite city
footprint. The South Bank Tower represents an
example of this potential in London, and there
is no doubt in our mind that this approach
could be applied to any well constructed and
well designed building around the world.

We hope this paper challenges developers
and designers in their approach to project
viability coexisting with rapid urbanization
and meeting the requirement of the city
context. London, New York, Paris, Hong Kong,
and similar cities in Europe and the Americas
are all responding to the rapid densification
of cities, and so, this approach should be
considered (Figure 12).
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