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ENERGY EFFICIENCY UPGRADES IN ARCHITECTURALLY INTERESTING
HOUSING.

THE CASE OF PARK HILL - SHEFFIELD

Lilian Martins da Silva

Abstract

This research explores architectural solutions to improve thermal comfort by investigating
refurbishment strategies for an existing building. These present challenges in seeking to
retain the architectural integrity of the schemes.

The building studied is: Park Hill in Sheffield. It was built in late 1950s and it demonstrated
innovative solutions to providing circulation for the time it was built. These features allowed
different space compositions, which consequently require different strategies for refurbishing.

In a world where environmental concerns must not be ignored, building refurbishments can
be an alternative to replacement with new buildings. Apart from CO, reduction, national
heritage is kept as part of the history, serving as good examples of architectural master
pieces. If over two-thirds of the 2050 housing comprises existing buildings the importance of
refurbishment is clear and the need for sympathetic approach is strong while at the same time
implementing effective technical solutions to enhance thermal comfort.
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Introduction

In the UK, there was a high demand for housing in the post war period, which was an
opportunity for architects to come up with new ideas in response to that demand. As a
consequence, it was a period of experimentation, where architecture was no longer the
exclusive interest of a small elite group (Bullock, 2002, p. 13). By contrast, nowadays there is
a high demand for reducing CO, emissions in housing, where refurbishment can be an
alternative for the existing ones. According to Honour (Honour, 2010) the existing housing
stock of 26 million homes is responsible for 27% of total CO, emissions in the UK. 85% of
the predicted building stock in 2050 will comprise structures
that already exist.

Park Hill in Sheffield, designed in the early 1950s and
partially refurbished in 2010 was chosen as a relevant case
study. It contributed new ideas to housing in the post-war
period, which stands out in relation to its quality of urban

intervention in conjunction with innovative ideas in relation to Figure 1 - Park Hill - Aerial View
itself. It is the largest listed building in Europe, being awarded
grade IT* listing by English Heritage in 1998.



The analysis will be based by the aid of computer simulations, where some apartments are
extracted for assessing the energy performance of the initial design, which the various form
of heat transfer are examined carefully. The weakness and strengths are contrasted and then
modifications will be suggested in order to improve its energy performance, but also keep the
integrity of the building through a sensitive approach.

Streets in the Sky — Park Hill

Park Hill composes of 974 apartments including flats and maisonettes it is a high-rise, high-
density mixed development, where architects challenged to humanize the organization of the
high density housing estate. The prevalent model at that time was the tower block with lift
access only. Whereas this building is also served by a street deck, providing access to flats,
and also replacing individual balcony’s, enhancing socialisation among occupants.

The evolution of the “street-decks” concept is generally regarded as being out of the internal
corridor. In addition, it was also regarded as the most economic way of providing access to
dwellings in multi-storey blocks. Park Hill contains only 4 lifts in the whole scheme.

The angular geometry and the apparent and salient concrete structure frame work are one of
the main characteristics of the scheme, which configures the Brutalist architecture. The
building fabric is composed by single layer of brick and windows are single glazing and steel
framed.. It is worth noting that building regulations concerning thermal transmittance came
into force on the mid 1960s, where the U-value was introduced on the first time.

The housing deficit left by the 2" world war demanded fast construction which failed to its
workmanship. Therefore, a common characteristic of these constructions is high level of air
infiltration, resulting on high space heating demand.

The site plan explored the topography very wisely, where the architects took advantage of it
by aligning the buildings by its roof. The roof line is at the same level throughout the
building, but the rise of the ground reduces the number of storey from fourteen at the low end
of the site to four at the top, where overshadow is minimized by the high level buildings in
relation to the lower level ones. Furthermore, concerning to orientation, most o the flats are
provided by good access to solar radiation and there is no adjacent buildings that could
obstruct the access of sunlight.

Figure 2 - Park hill - view from the city (the block on the left side was refurbished recently)

The apartments vary from 1 to 3 bedrooms, which internal distribution differs. The
overlapping and overhanging between flats are one the most common characteristic of the
scheme. Every access is provided via the street deck and there are some apartments which
rooms are placed in lower and upper levels, while others concentrate in only one floor, except
the entrance.



The refurbishment of Park Hill comprises five stages
(Lawrence, 2011). The North block, which was the first
stage, is going to start being occupied by September this
year. The most radical intervention was the replacement of
brick by glazing and shiny coloured anodised aluminium
panels. See figure 03.

Methodology Ml;;;;'m_i
The assessment was made by the aid of computer simulation Wlllllllmml
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t F|gure3 top image: initial design.
Bottom image: upgraded version

software called TAS, which heat transfer process such as
conduction, convection, long wave radiation can be
examined very carefully by the model through its zones and al
surfaces.

[,

The massive scale of this project generates differen
orientations and location of the apartments. Furthermore, the

street deck concept originates surfaces exposure through the ceiling or/and the floor. Thus,
the assessment was carried out in six case studies, based on some particularities of each
apartment.

The figure 04 displays the six case studies, which its main characteristics are as follows:
Case 01 (PHO1) — Contact with the ground.

Case 02 (PHO2) — Located 10m from the ground, where its ground floor is completely
exposed to the environment.

Case 03 (PHO3) — Located in the middle height of the scheme, which exposure is kept to
minimum.

Case 04 (PHO4) — Located in the corner of the building, which coincides with the end of the
street deck too. The exposure is given by its side wall and a big portion of the ceiling.

Case 05 (PHO5) and 06 (PHO6) — Situated in the top floor, where the roof is completely
exposed, where case 06 is situated in the intersection of the street deck, which originate
exposures by a big portion of its ground floor too.

The adjacent, lower and upper level flats are represented in the model with isothermal zones
(red line in figure 04), which the heat transfer through its walls, floors and ceilings is almost
negligible.

The assessment of the case studies was based on the initial and upgraded design relying on
the building fabric and natural ventilation strategies, which internal gains by occupants and
equipments were neglected.

The simulations which involve internal temperatures were based in a free-running building,
i.e, heating was not considered in order to contrast the internal and external temperatures as
well as global radiation. It is worth mentioning that the operative temperature was considered
in the simulations.
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Concerning to the air infiltration, cracks were placed in the
models, which sizes were based in Cibse Guide A, that sets
up air permeability of 20m*/m* at 50Pa for leaky buildings,
whereas for a well sealed ones, this value drops to 3m’/m” at
50Pa. With regards to ventilation, windows were all set up to
be open when internal temperature exceeds 19°C, whereas
internal doors were kept open from the period between 9:00
to 21:00. These configurations allow the assessment of the
air change rate.

The simulations for temperature and ventilation contrast W
values taken on 30 days in row of summer and winter 58
seasons, where solar gains consider the summer period only. 4% ~_
The heating and cooling loads were given as annual values. — S
2.2 \_\
It was noted that insulation was needed for minimizing the 15 Uvalue

heat transfer through the building surfaces. Hence, the use of
evacuated insulation was speculated, which thickness was oo T Y O
based on the law of diminishing return in conjunction with the
tight and existing floor to ceiling height. (figure 08). In the
absence of the detailed upgraded design, information was
supported on site visiting and latest magazines.

minishing return
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Simulations of the initial design revealed that the flats that have large 0
exposed surfaces presented the lowest temperatures in the winter -0 W

time, where the wind speed is the major contributor for surfaces =% J\/‘/\/\-
external convection. It is worth mentioning that the building fabric ~ **

configuration of the initial design presents high U-values, which the —PHOMKITCHEN
heat is transferred more easily. Figure 06 illustrates the that the T PHO-BREAKFASTROOM
highest losses through external conduction through opaque ernal conduction
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elemens are given by the case study PHO4, which side wall and
ceiling are exposed to the environment.

Apart from exposure, orientation in conjunction with material
specifications should be also taken to account for the building
performance. The case PHO2 presents large glazing areas facing
North, which losses through conduction are far higher than the south
orientated ones. This is exemplified by the Figure 07 which contrast
two zones with different orientations, where the glazing to floor ratio
is the same.

The internal operative temperature is given by the surfaces
temperature, which radiate more or less heat ot the space, the figure 08
illustrates the flat PHO2, where discrepancies between surfaces can be
noted in the flat PHO2, where lowest temperatures are found by the
exposed surfaces which are the floor in both zones and the ceiling in
the the bedroom 2, whereas the highest temperature is given by the
party wall, which is an isothermal boundary.

Upgrading

The major modification on the whole scheme was the inversion of the
proportion of opaque and transparent elements as shown in figure 10,
where the brick was converted into double glazing with low-e
coating, whereas the glazing was substituted by an insulated anodized
aluminium sliding door. According to Spring (Spring, 2010), this
change was based on the increase of daylight inside the flats. Apart
from this, evacuated insulation was combined with the solid elements
by the internal side of the apartments, since external appearance
should remain untouched.

These improvements helped to reduce the heat transfer by dropping
the ceiling and floor U/values from 1.27W/m2°C to 0.087W/m2°C.
The figure 11 compares the ground floor conduction before and after

upgrading in winter and summer time, where it can be noted that
external conduction was dramatically minimized.

With regards to thermal bridges, some constructive detailing should
be taken to account, such as the overlap of insulation on the ground
floor perimeter as well as in the street deck (ceiling or floor).
Although TAS does not assess thermal bridge, it is important to keep
in mind that these strategies also contributire for lowering the heat
demand.

The figure 12 illustrates the improvements in the flat PHO4, which
the upgrading kept losses through opaque elements to minimum. The
wall Uvalue dropped form 1.71 to 0.094W/m*C.

The combination of the buiding fabric improvement and air tightness
strategy contributed for lowering the space heating considerably. This
is illustrated in the figure 13, where the initial design and upgraded
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are compared. Apart from that, it can be also noted that the flats which exposure is kept to
minimum, provides better performance since the initial desing, which is the case of flat
PHO3, whereas flats PHO2 and 06 present the highest demands.

Discussion

The glazing enlargement revealed some conflict of objectives. At the same time that it
increases the sun and daylight, direct solar gains are also intensified, which consequently
reflects on the increase of internal gains though solar radiation. Besides the fact the windows
have tripled its area, which the air change rate raised considerably, the increase of cooling
demand was raised on the upgraded version in every apartment, which can be concluded that
the counterbalance between solar gains and Air change rate in the initial design performs
better than in the upgraded one, where on the initial design, the hot air is purged more easily.

With regards to ventilation, it was noted in both simulations (initial and upgraded design) the
increase of the ACH according to the building height. The initial design it was more intense
due to the area of cracks, however, the upgraded version keeps the same proportion.

Conclusion

The computer simulations were a useful tool in order to compare results enhancing decision
making over the process rather than to get a result close to real. It has revealed that the
strategy concerning infiltration rate based on holes, provides an ACH more realistic, other
than assuming a constant value. This method has also highlighted the importance of ACH in
tall buildings, which becomes a very serious issue due to the increase of wind speed in
relation to building height.

Based on visiting the RIBA Library in London, many other architecturally interesting
housings built in the postwar period were found, which deserves a special attention for
further research. Some examples are: Robin Hood Gardens designed by Alison and Peter
Smithson, and Keeling House, designed by Denys Lasdun, both in London.

Park Hill is the evidence that modern architecture is disconnected of “style”, moreover, the
rhythm of its concrete structure has exposed the ease of adaptation to new technologies
without compromising its initial concept. This is a timeless architecture.
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