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Simon Lay is a Fellow of the CTBUH and a Chartered Fire
Engineer from the UK. Over the past 20 years he has led and
contributed to the fire strategy design for a large number
of high-rise projects including the CTBUH Award winning

Beetham Tower in Manchester, The Shard and Strata in London,

India Tower in Mumbai, the Burj Al Arab hotel in Dubai, and
many others around the world. When not designing tall
buildings, Lay is a keen mountain biker.
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Abstract | &

Some of our established world cities are already facing the challenge of older tall building stock
that is no longer relevant to the most commercially attractive uses. One of the biggest challenges
faced by any re-purposing of high-rise buildings is fire safety because there has, in the past,

been a tendency to minimize fire safety costs by tailoring solutions as closely as possible to the
building’s perceived needs — but needs change. By reference to trends in tall building design

and legacy building examples, the drivers for refurbishing and re-purposing tall buildings are
explored along with the fire safety challenges that result. Solutions relating to existing building
stock and planning for future reuse in new buildings are discussed.

Keywords: Architecture, Density, Fire Safety, Recycling, and Retrofit
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The Case For Refurbishment &
Re-Purposing

Countries are continually building more tall
buildings. Data from the CTBUH Skyscraper
Center ' demonstrates that we are seeing
more consistency in the build rate within well
establish cities such as London, New York, and
Chicago (Figure 1). When this information is
coupled with census data? it can be seen that
not only is the number of tall buildings going
up, the rate of tall building development is
outpacing even occupancy growth. This might
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Figure 1. Rate of tall building completion per year (Source: Simon Lay)
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Figure 2. Ratio of tall buildings per person (Source: Simon Lay)
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be expected in emerging economies such as
China and the Middle East region. However,
the same is true, even in cities with a long
established tall building heritage. The ratio of
tall buildings per head of population has been
steadily increasing and is now continuing to
increase. In some cases, such as Chicago, the
rate of recent increase in this ratio has been
very significant, as shown in Figure 2.

However, we also know that the types of tall
building are changing. In London for example,
New London Architecture (NLA) identified
that the current wave of tall buildings, taking
us towards 2025, is expected to comprise of
approximately 80% residential stock.

The urbanization of our cities is mainly
attributed to new residential high-rise projects.
In established cities like Chicago, populations

in the inner city areas were declining, but are
rising again as high-rise residential becomes
the norm. We are building proportionally fewer
high-rise commercial buildings, and yet the
Cities are growing.

There are several possible outcomes from this
changing tall building demographic. Either the
current stock of tall, non-residential buildings
risk being converted to residential, or they
will be retained and need to adapt to reflect
a change in workplace patterns. All those
people must be working somewhere, so if
the population is going up but the rate of tall
commercial buildings is not matching that
rate, then the existing workplaces must
undergo change.

In the UK we are seeing both of these changes
occurring. In some instances, we are also
seeing political changes that impact building
use. A recent change in UK planning laws
means that it is now considerably easier to
convert a commercial building to residential
use than it was previously.

The reuse of buildings might relate to either
the refurbishment of buildings (where the
occupancy type remains the same as before)
or repurposing (where the occupancy type
changes from one to another).

There has also been a trend within the existing
high-rise residential stock whereby a long
standing tradition of dramatic demolition
scenes cheered on by jubilant former high-rise
dwellers has been replaced in many instances
with refurbishment of older social housing
schemes into accommodations more suited to
the current private renting sector.

There are good economic drivers for

refurbishing and remodeling existing buildings.

Based on recent tall building cost models by
Alinea? approximately 40% of the building
value is tied up in the basic shell and structure,
with roughly half of that committed to the
building facade. There are cost challenges
associated with refurbishing buildings (it is
more costly to fit things internally to a building
after completion than during construction),
but the underlying value of the shell of a tall
building is a compelling case for reuse on

its own.

Alongside cost, there is a parallel sustainability
driver for reusing the building shell. As

Oldfield noted in his CTBUH paper (Shanghai
2012),4 the embedded carbon from the initial
construction of a tall building is roughly
20-40% of the total lifetime carbon. In the case
of 30 St Mary Axe (Figure 3), a detailed review
showed that a modern, low-carbon building

like this still has 33% of the total lifetime carbon

embedded in the original construction.

There are therefore compelling arguments
for reusing buildings rather than demolishing
and rebuilding. But there are also significant
obstacles to achieving the desired efficiencies
in the refurbishment or repurposing
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Figure 3. 30 St Mary Axe, London (Source: Aurelien
Guichard)
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process, which are necessary if the cost and
sustainability goals are going to be met.
Because fire safety is regulated, the challenges
associated with it represent significant risks to
unlocking the reuse process.

Key Fire Safety Challenges

There are two primary mechanisms for
how refurbishments can result in fire safety
challenges:

« Occupancy based code parameters.
- Changes in building codes with time.

Occupancy based code parameters

The mechanisms relating to occupancy based
code parameters tend to have an impact on
the reuse of buildings, while historic changes
in building codes tends to impact both
refurbishment and reuse.

Prescriptive building codes such as NFPA 101,
the IBC or the UK Approved Document B7 rely
on occupancy type as the fundamental basis
for determining fire safety risk. In particular,
code requirements relating to means of egress
are heavily dependent on occupancy type.
Sometimes the reasons for using occupancy
type as a means of determining fire safety
requirements are readily justified. For example,
office buildings have a higher density of people
than residential apartments do.

In other instances, the code basis for changing
guidance based on occupancy type may be
less clear. For example, the reasoning behind
longer travel distances being considered the
acceptable norm in offices compared to the
shorter distances expected in apartments is not
immediately obvious. The reasoning behind
such rules relate to differences such as fire risks
and whether occupants might be awake or
asleep. The basis of such recommendations is
often historical data, whereby the prescribed
rules have led to stable fire casualty rates.

However, with tall buildings, some code
requirements may be or at least appear to be
relatively static across numerous occupancy
types. For example, most tall buildings code
requirements dictate the same structural fire
resistance irrespective of occupancy type. Most
tall building codes also insist on sprinklers in all
tall buildings and charged stand-pipes for fire
fighting. Although in the case of sprinklers, this
does not necessarily lead to solutions that are
insensitive to building reuse. Sprinkler designs
change with occupancy type, and while items
such as range piping are likely to be changed
as a result of the reuse process anyway, main
feeder risers, tanks, and pumps can all be

Negative Implications On Design
Original Use New Use R H A ERE
RF% E:ilzb S Low Medium High
& H
Office | 3/ » Office | 732 X
Egress Capacity
HORe Residental N Residental X
EiE EE
Office | 73/ » Office | 732 X
Travel Distance
HEEs Residental N Residental X
EE EE
Office | 3> » Office | 32 X
Structural Fire Resistance
CERIIER N RS Residental , Residental X
EiE EE
Office | 3/ » Office | 73 X
Sprinklers
MBSk Residental N Residental X
EE EE
Office | 732 » Office | 732 X
Fire Fighting Standpipes
SEpERE Residental N Residental X
BT EE
Office | A » Office | 73 X
Pressurisation Residental Residental
ﬁ\ﬁg esidenta esidenta
3 s ’ i X

Figure 4. Negative implications on design arising from a change of high-rise building use (Source: Simon Lay)
B4 NTEREFAENEEREFSITHIRESIN (R Simon Lay)

tuned to original building occupancy type and
require extensive replacement if the occupancy
type changes.

[tems like standpipes or hosereels might well
be required across all occupancy types and
hence might be thought of as being relatively
unaffected by reuse. However, the location

of fire fighting water supplies can be heavily
impacted by a change of fit-out, as areas
previously accessible become cut off from the
fire fighting route.

There are other fire systems required

across different occupancy types in tall
buildings that may appear to be insensitive
to change of use, but which can be impacted.
For example, pressurization systems may rely
on building leakage data, which can

be impacted significantly by the different
levels of subdivision typical to different
occupancy types.

The table below (Figure 4) shows some of

the common core fire safety requirements,
which prescriptive codes vary with occupancy,
and how the repurposing of a building
between office and residential might typically
be impacted.

The implications on design arising from change
of use and repurposing are different depending
on which way the change is enacted. For
example, as offices are designed for a higher
occupancy capacity, then there would be
residual egress capacity if changing from office
to residential, but conversely potential egress
challenges if changing in the other direction.

As travel distances in residential buildings are
typically much shorter than allowed for in

offices, the distribution of cores in residential
buildings will typically readily accommodate
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offices where the maximum travel distances
are much greater. However, there can also be

a significant issue in some jurisdictions where
the number of cores required can be lower for
a residential design compared to an office level
of occupation. For example, in the UK high-rise
residential schemes are allowed to have a
single stair while offices are expected to have
multiple cores.

Residential sprinkler systems are often
combined with potable water supplies

and designed for a small number of heads
operating, while office systems require larger
tanks, pumps, and risers as they must address a
longer period of operation with more

heads activating.

Changes in building codes with time
Building codes tend to move at a relatively
glacial pace and arguably the rate of change
for well established codes is slower now than
it was previously. This would make sense as
codes are supposed to change to improve
safety and if you achieve that aim, then there
is less scope to make other changes to further
improve safety.

However, in some cases building codes change
to reflect technological advances. A good
example of this is the emergence of codes

that outlaw combustible insulation in facade
systems on high-rise buildings.

Changes of this type can introduce a tension

in the design and approval process. Many
building codes (or the regulatory process
within which they operate) include a principle
that maintaining the same standard of safety
or betterment is considered acceptable during
refurbishment projects. As a result of this
principle, conditions which might be known to
be dangerous may be allowed to persist.

There may be a catch-all in some building
codes that requires designers to ensure that
there is an overriding obligation to ensure
safety, whether something is restricted or
permitted by code or not. For example, UK
legislation includes such a provision. However,
the mechanisms by which such legislation
might be applied can be complex as it may
be considered prohibitively costly to make
major changes to an existing building facade,
and the same legislation may well include
restrictions which ensure that only practical
measures need to be made. Prohibitive
expense can be a legitimate reason to
consider a change impractical.

Where a change of use takes place during a
repurposing process, then this can often trigger
the application of current standards rather than
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Figure 5. Lakanal House fire (2009) (Source: Independent)
E5. Lakanal House /A (2009)
(38 Independent)

maintaining the standard at the time of original
construction. It may therefore be necessary to
find ways of achieving a higher standard level
of fire safety through other measures if a full re-
cladding of the building is to be avoided.

In many cases, changes in legislation can
actually reduce the fire safety provisions
expected in a building. This may be true for
example in office buildings where the historical
pattern of fire safety has, over time, suggested
that fire safety provisions may be more
onerous than is required to maintain

adequate safety. An example of this could

be considered the British Standard BS 99998
which has since 2008 introduced an element
of risk assessment within the determination
of egress requirements such that a building
assessed using this code can have a higher
occupant capacity than one which was
design using other prior standards. This kind
of variation can be useful in refurbishment as
it may, for example, allow a greater occupancy
to be accommodated in an office building
that can therefore better respond to changes
in working patterns.

There are also cases where changes in
non-fire legislation can result in unintended
consequences during refurbishment.

The Lakanal House fire in 2009 (Figure 5)
highlights the dangers that could occur
when inappropriate insulation products are
introduced in an effort to bring existing high-
rise housing stock up to current thermal and
damp resistant standards. The fire led to the
death of six people and 20 serious casualties.

Another element of code changes with
time which should be noted is the general
aggregation of codes and the reduction in
location or owner specific codes. In some

Figure 6. Royal Mail House, Leeds (1975) (Source:
Yorkshire Post Newspapers)

E6. 1975FMFZAEEERIBS

(358 Yorkshire Post Newspapers)

jurisdictions, government agencies may have
their own separate building codes which
vary from those used in non-governmental
buildings. Variations seen in building codes
within different states in the US have, for
example, reduced over time with the wider
introduction of Uniform Building Codes and
the NFPA standards.

Government building specific codes might
not always introduce a higher standard of fire
safety (although this is normally the case). On a
project in Leeds in the UK, a former post office
building was converted to residential use in
the West Point project. The 17-story scheme
was originally constructed in 1975. During the
repurposing studies, it was determined that the
building structure only achieved a fire rating
of approximately 90 minutes, something that
arose from the government requirements at
the time of original construction (Figure 6). As
a repurposed scheme, current building codes
were applied and a 120 minute standard of
fire resistance was expected (Figure 7). The
resolution of this challenge is described in the
following section.

Solutions to Fire Safety Challenges
Of Reuse

Finding solutions that can overcome the fire
safety challenges in reused buildings should
be considered for both the existing stock of
buildings and for future buildings that can be
made more resilient to reuse.

Existing Building Stock Solutions
Considering the West Point example in Leeds,
the differences between Figures 3 and 4
show how some of the challenges were

Figure 7. West Point (2005) - reuse of Royal Mail House,
Leeds (Source: Rightmove)
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overcome. The upper floors of the building had
previously been an office typology, and this
permitted longer egress distances than would
be appropriate for the residential use, which
was applied in the repurposing. To overcome
the egress challenge and achieve appropriate
apartment layouts, there was little option but
to add additional stair cores which can be seen
projecting from the building in Figure 4.

However, an architectural solution to the
inadequate fire resistance to the building
structure was not possible. Overcladding

the existing concrete frame could have

been considered, but this would have been
prohibitively expensive and would have
created approval challenges as it would have
relied on a mixing of different fire protection
methods that are not simply additive in nature.
You cannot assume that placing 30 minutes
worth of plasterboard fire protection on the
outside of a 90 minute column will deliver 120
minutes of fire resistance because you may
Create unanticipated consequences such as
changes in the spalling nature of concrete.

Instead, the approach taken was to look at
the types of fires which might be present

and evaluate the fire severity that the

building frame would be exposed to in the
refurbished condition. This approach has been
subsequently used on other projects.

Fire severity can be thought of as a function of
the temperature of exposure and the duration
over which exposure takes place. These factors
are functions of the available fire load and
ventilation. Increasing fire load will increase
peak temperatures and fire duration. Increasing
ventilation will increase peak temperatures but
reduce fire duration and conversely reducing
ventilation will reduce peak temperatures but
may lead to much longer duration fires.

By considering the smaller fire compartment
sizes resulting from a residential fit-out and
the reduced fire load density in residential
compared to office type occupancies, it was
possible to show that the load on the
structure induced by a fire would be less for
the residential case and consequently show
that the existing 90 minute fire resistance was
more than adequate to maintain stability in a
fire condition. This solution unlocked the
reuse of the structural frame and reduced

the carbon contribution of the scheme by
approximately 20%.

Often the solution to reuse is the application
of alternative solutions in a performance based
approach. Evaluating how the building risks
have changed from an original design to the
condition in the reuse scheme can unlock
solutions. This approach can be especially

useful when new buildings introduce better
fire safety systems.

For example, traditional fire alarm systems in
an existing office building might be replaced
during refurbishment with voice alarm systems
or a system which permits phased evacuation
when only simultaneous evacuation was
possible previously. This approach can allow a
significant increase in occupancy capacity.

Many older high-rise buildings do not have
sprinkler systems installed. This may be
particularly true of residential schemes. The
application of a performance based approach
to develop alternative solutions with the
introduction of sprinklers can allow significant
improvement to be demonstrated, enabling
fire safety challenges to be overcome. This
approach may be particularly relevant when
considering how challenges like existing
cladding systems may be overcome.

Future solutions - planning for reuse

If we can plan buildings so that they are

more readily repurposed or refurbished, then,
by saving up to 40% of the buildings lifetime
carbon (by removing the need for the building
to be demolished and rebuilt), we are in
position to make greater sustainability advances
than almost any other design change.

The challenge of course is that traditional
approaches to designing for maximum
flexibility can be expensive. It is not
economically viable to add extra or wider
stairs to a tall building on the off-chance that
it may be reused later in a manner which will
make use of those stairs. Making a less efficient
building in the first place, in the hope that
overall it will turn out more efficient, requires
extraordinary commitment and progressive
thinking which goes well beyond the financial
cycles of all but the most forward thinking of
clients or developers.

There is however a reasonable balance that
can be achieved. Too many approval regimes
focus on signing off the building in its first
incarnation."Day one”approvals for schemes,
which do not consider the potential legacy

of the building, are something of a tick-box
exercise in meeting code but not the needs of
the building and society at large.

Designers, clients and approvers all have a

role to play in moving the agenda forward.
Approvers need to ask clients and designers to
consider the legacy situation. Clients need to
ask designers to include legacy options in their
appraisals, and designers need to step

up and lead the technical approach to
planning for reuse.
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60+ Storey Scheme UK

—3 Base Build Residential

Optimal Layout

Optimal Office Layout

Non-Optimum Alternative
Office Layout
(Re-Use of Residential Core)

Optimum Solution
Tl (Option Office Core)

Figure 8. Pre-approval of reuse options an a 60-plus-story scheme (Source: Simon Lay)

El8. BMEOERIBAIAMEHEZE (KR Simon Lay)

Often, unlocking reuse potential in a new
scheme does not cost more, nor does it
radically change the design. From a fire safety
design perspective, it may simply be a matter
of applying better analysis techniques to
understand how the building might respond
to different uses or layouts. It may also require
the application of more complex, performance
based design solutions rather than following
a code approach which immediately tries to
define the building as a specific occupancy
type from the outset.

By taking due regard for legacy conditions,
the fire engineer for tall buildings should
develop not a“fire strategy, but a “fire code”for
each building. The fire code approach means
pre-approving an operational envelope within
which the building can change and function
over time. This approach has been considered
for a 60-plus-story scheme in the UK (Figure 8).

The scheme in figure 8 was designed in its

first incarnation as a residential development.
However, there was a recognition that some
lower floors might convert to office in due
course and it was necessary to seek an efficient
compromise solution to make this viable.

In the UK, single stair high-rise residential
buildings are permitted and have been
demonstrated to offer acceptable standards
of safety. Single stair office schemes are not
the norm, but based on statistical data relating
to fire safety, there is little reason to suggest
that such single stair office schemes could not
safety be developed. However, standard code
recommendations would lead to two stair
designs for offices.

So, as shown in figure 8, to change from
residential to office would typically require an
extra core to be inserted. This would produce
an unattractive office configuration due to the
narrow gap between the cores.

If the base-build residential core is moved
across, then the extra office core can be added
later with sufficient distance between the two
cores to make it a viable option. The office core
can be added only when needed by allowing
for a“soft spot”in the floor plates. However,
moving the original residential core to one side
could be problematic as it creates a long travel
distance from the furthest apartment in the
residential base-build configuration.
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Fortunately, members of the Olsson Fire &
Risk team have developed many residential
projects with extended travel distances
within the common areas. These include the
CTBUH 2007 Best Tall Building Worldwide
award winner — the Beetham Tower,
Manchester (Figure 9).

The use of performance based design
approaches to create solutions or reveal the
flexibility already within established design
solutions can provide a powerful means of
unlocking tall building designs for future reuse.
This kind of approach avoids the mistake of
standard codes which lock a building design to
a specific configuration and use, restricting the
future re-imagination of existing buildings.
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Figure 9. Beetham Tower, Manchester, which has

extended travel solutions (Source: Paul Hermans)
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