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1

Over-roofing

1.1

Introduction

Over-roofing is the general term used to describe the installation of a new roof on an existing building. Roof-top
extensions combine over-roofing with the creation of new habitable space.
The primary reasons for over-roofing are:
-

to reduce heating by improving thermal insulation;

-

to arrest deterioration of the existing (generally flat) roof;

-

to overcome leakage problems (by a new pitched roof);

-

to improve the appearance of the building;

-

to create new space for habitable use on building services;

-

to avoid disruption that is inevitable in the replacement of an existing roof.

The licking roofs and poorly insulated buildings involve high maintenance costs and large operative expenses. In many
cases there is a lack of financing means for renovation.
The economic motivation for over-roofing is mainly to increase the life of the existing building, and to reduce heating
costs, but the cost benefit ‘balance’ can be improved by new living space that can pay for the major part of the renovation
work.
In European city centres there is a lack of office/apartment space. The raise-the roof concept could solve this basic need
and, at the same time, recover from part of the expenses due to the renovation needs via:
-

a new, good insulated sloping roof ensures good water drainage;

-

a new roof reduces the maintenance costs;

-

new attractive apartments or offices are created under the sloping roof and within the existing infrastructure;

-

the possibility to achieve financial means for renovation of the existing building by selling/letting out the new
spaces.

1.2

Basic conditions to over-roofing

There are several aspects that could limit a vertical extension:
-

legal aspect discussed in the paragraph 1.4;

-

economical;

-

technical aspects, discussed in the paragraph 1.3

Raising the roof could, in effect, present more limitation that a normal renovation project. We are working, in fact, on an
already existing building and with its own structural and architectural peculiarities.
There are other limitations mainly due to the characteristics of the neighbourhood and of local urban plan. If the building is
classed, the raise the roof becomes an almost impossible job in several European countries.

1.3

Technical feasibility

The purpose with a feasibility study is to provide a basis for the investor to decide whether a project is feasible or not.
It is possible to identify main areas for a technical feasibility:
-

limitation by the authorities (e.g. building height, demand for more parking space,…);

-

the existing structural design of the foundation;

-

technical installations.
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1.4

Legislation and authorities

The local legislation and regulations are of great importance for an over-roofing project. The most critical and relevant
regulation are going to be described in this chapter. An overview of the different country regulations and dissimilarity is
going to be analysed.
-

The local plans could impose limitations on aesthetic, height, parking, as well as need for recreation areas…

-

Fire regulation in medium high size building become really important and could play an important role in the
decisions:


escape routes from the new attic apartments. Depending on the local regulations and the height of the
building the dwellers may need access to two different escape routes;



escape routes from the apartment in the existing building. The stairways should be dimensioned for the
extra floor;



there may be demand for fire resistant apartment doors in the existing building as well as the new attic
floor;



the structural roof/floor between the existing building and the new attic floor has to be fire resistant;



the fire resistant walls between the new attic apartment have to be built on the structural roof;



if the new attic floor are not reachable with ladders by the fire brigade, some special arrangement should
be established…

-

Depending on the local regulations there could be a requirement to install an elevator when the building is
increased by one floor. Possibilities for exemption could be investigated.

-

The height is also connected to the shadowing issue. If the houses are close to each other, the extended height
could cause a shadowing problem for the neighbours.

-

In older residential areas, there is usually a problem with the parking spaces.

-

If the National Trust protects the building, it could be a problem to change the appearance of the facades and the
roof.

-

1.5

Building density could be a negative point for the regulator.

The existing structure, foundation and installation

A general description of the building should be available via information regarding the age of construction, the architect,
architectural and technical drawings and when is available the report of the structural calculation.
The investigation of the foundation is one of the prime tasks. If the foundation cannot carry an extra floor, there is no
extension possible. A detailed and deep visual inspection of the actual state of the foundation must be done. A
preliminary calculation should be made actually taking into account the elimination of the existing roof and the
replacement with a light weight structure. Related to the foundation is the geotechnical capacity of the ground. Risk of
earthquake should be taken into account is several geographical areas.
The second step is to analyze the actual status of the existing bearing structure: beam, column, panels…Different bearing
structure will require different technical details and connection with the new floor. It could be required to make some
destructive test to verify the accordance between the building itself and the as-built-drawings.
A study of the existing roof can reveal information regarding the ventilation systems. Depending on the age of the existing
building the ventilation channels have been made in different ways. In the worst case, a ventilation pipe from each room
in the building can be seen on the roof. If the pipes are scattered all over the rood it can be difficult to locate and design
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the attic floor properly. A similar analysis must be done for the chimneys. Usually, if they are in use, must remain in the
same location.
The capacity of the technical installation (electricity, heating, water…) must be verified. The systems should be checked
based on two different alternatives. Either the new attic installation should be connected to the existing ones or new pipes
and wires should be installed from the central systems enabling the attic installation to work independently from the rest of
the house.

1.6

Relevant attic design

Already in the feasibility phase it is wise to consider the most relevant design:
-

the design solution for the extension should always be based on a fundamental respect for the character of the
existing building ad well ad the surroundings.

-

The whole economical feasibility of the project may depend on the shape of the roof. The shapes gives the
condition for how many square meters are possible to be added.

-

The shape of the plan of the building is really essential. A rectangular building with few or any angles and outline
of cornices will be easier and cheaper than an eccentric one.

1.7

Roof shapes
The shape of the new roof should be chosen in an early stage of the project. The shape will
in fact heavily influence the capacity to sell and to rent the new floor by the investor.
Curved roof can allow a full employment of the attic space and it is often used in
Scandinavian countries.

The pitched roof must be design steep enough if two floors (or a floor and a mezzanine) are required. If the house is
narrow, it is possible to enlarge the surface of the new floor. The last way to get extra living space is to prolong the façade
and get two extra floors. Often the authorities do not approve this extra height.

The above examples of roof extensions are less common but not less interesting.
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1.8

Interface between the existing building and the new attic

An installation space between the existing roof and the new attic floor is very useful.
The space can be used to distribute the technical installations and make the attic floor also independent from the
technical installations of the floor below. It may be necessary to choose a different location of the structural internal walls
and the attic floor compared to the floor below, which can be solved using an intermediate structural floor.
A detailed technical survey establishing the state of the building’s envelopes and installations must form the base of the
design work. The already mentioned reserves of foundation and leaded-bearing structure combined with geometrical
imperfections, bad-workmanship and general deterioration may create the setting for an economical and technical failure.
Establishing an intermediate structural floor with few and well defined points of connection looks sometimes a reasonable
solution. The areas where the new structure is to be fastened to the host building have to be carefully investigated. The
intermediate structural floor gives complete freedom for the design of the interior spaces. If the attic is going to be
prefabricated, the intermediate structural floor will become very useful. The support for the elements can be prepared by
installing steel beams with fixing points. As in Figure 1, the new attic structure is resting on a framework of hot rolled steel
beams. The slope of the upper floor was levelled out in a matter that the loads could be delivered precisely to the
structural walls.

Figure 1: Detail of the connection of the intermediate structural floor to the host building. The H beams are supported on
trestles resting over the structural walls. The galvanized beams are supporting the balconies) [1]

The construction of an intermediate structural floor will also integrate adequate space for technical installation, ventilation
ducts, water piping and electricity. It is common to leave 400 mm between the existing roof and the new floor. This space
can, in fact, enable good acoustic and fire resistant insulation.

1.9

Light weight structure

The new attic should have a structure that is compatible with the existing one (if an intermediate floor is not added) and it
should respect the following characteristics:
-

the new structure should be as light as possible to minimize the stress on the existing structure;

-

The use of water-based materials and in-situ concreting should in general be limited as much as possible to avoid
the risk of serious water damages of the existing building.

-

The time to assembling the construction should be as short as possible to save the dwellers disturbance

-

Cost reduction should be pursued via industrialized construction methods.

The resistance, quality, lightweight and prefabricated attitude of light weight steel and cold profile structures make them
optimum material and solution to be used in raising the roof concept. Extra advantage of light steel framing is the flexibility

ArcelorMittal Liège – Research and Development.

Vertical and Horizontal Extensions - Problems, Techniques and Recent Examples (3)

page 6/26

Robust

both in size and design, and the total economy of the solution as far as it can reduce labour costs and shorter on-site
span.

1.10 Steel technologies in Over-roofing
Light steel framing is an ideal structural solution for over-roofing because it reduces the loading on the existing building,
and can be pre-fabricated as 2-D panels or as 3-D modules. Load positions are aligned with the columns or load-bearing
walls of the existing structure.
The steel technologies that may be used are:
-

‘flat to pitched’ roof systems using multiple props supported by the existing roof, so as not to locally over-load the
roof

-

closely spaced lightweight trusses spanning between façade walls or columns

-

purlins or roof panels spanning between cross-walls

-

widely spaced trusses with purlins

-

steel portal frames (moment-resisting)

-

steel beam grillages supporting a new lightweight structure

-

modules supported by cross-walls or additional steel beams

These technologies are illustrated in figure 2 and 3. Over-roofing is often combined with over-cladding as part of a
comprehensive renovation of the building. Many of these systems are presented in SCI publication 246 and Bouwen met
Staal publication ‘Bouwen Op Toplocaties’.
New floors can be installed as light steel panels or as individual joists generally supported by additional beams connected
to discrete stub columns. The beams may be ‘slim floor’ type sections which support the floors within their structural depth
in order not to increase the overall building height.
For a 6 storey concrete building, the addition of one new habitable floor will add less than 10% to the loads on the existing
2
building, taking account of the lightweight nature (< 1.5 kN/m self weight) of the new structure.

(a)

Multiple props

(b)

Roof trusses and purlins
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(c)

Specialist roof trusses

(d) Moment resisting ‘open’ truss

Figure 2 Roof trusses for over roofing projects
Single ply membrane
insulated roofing system
laid to fall
New roof
Insulated roof sheeting

Lightweight galvanised
steel frame structure

Insulated
render

Primary steel beams on
concrete plinths

Lightweight tiles on
elastometric felt on
plywood decking

New floor
C sections spanning
between I beams

Existing roof

Figure 3 New habitable roof space supported on I beam
1.10.1 Sunday system™
SUNDAYsystem™ is a civil engineering technology, in which the load-bearing structure is made of cold-bent and zinccoated steel. The essence of the SUNDAY technology is four basic steel profiles. These profiles are joined with the use of
self-drilling screws to form panels, which constitute the wall structure.
The main steel profiles used in the SUNDAYsystem™are the following:
-

the C 90 and C 140 C-shaped profiles

-

the U 90 and U 140 U-shaped profiles

The height of these profiles is 9 cm and 14 cm respectively, whereas their thickness is 0.9; 1.25 and 1.5 mm.
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Figure 4: Sections of the Sunday system profiles™

Figure 5: Sunday system cross section of the wall and an application

The steel structure is connected with the foundations or with the existing building with the use of anchor bolts and anchor
Plates (Figure 6).

Figure 6: Methods of anchoring a wall to the foundation or to the existing structure
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1.10.2 Styltech®: ArcelorMittal system 1
The Styltech concept is based on the assembly of 12 to 14 cm wide steel studs, including the following typical types:
-

U sections;

-

Z sections;

-

“Beam” sections;

-

C sections.

Figure 7: section of the Styltech profiles, example of connection

These sections are assembled by means of self-drilling screws to form the rigid structure of the building.
The steel is protected against corrosion by a continuously deposited galvanized coating in order to ensure high durability.
Windbracing of the walls is ensured by slilted steel ribbons in the form of a St. Andrew’s cross, or by a steel facing tray
mounted horizontally on the outside of the structure. Styltech constructions are inherently hurricane and earthquake
resistant.

1.11 Moment Frame
The system is a lightweight cold rolled sections configured to provide portal frame structures of up to 18m in width.
Current applications of this system are confined to small portal frames with maximum spans of up to 18m in width with a
maximum length of 54m. The combination of SwageBeams and connections provides the opportunity to utilise the portal
frame design to create room in roof solutions.
The system represents a lightweight alternative to hot-rolled steel sections which are traditionally used for single-storey
structures providing large open spaces. The system is based on the Ayrshire SwageBeam, a proprietary cold-rolled
lightweight steel section derived from a lipped “C” section that minimises section depth whilst maximising span
capabilities due to added web stiffener. The moment resisting capabilities of the framing system are increased by special
eaves and ridge connection systems.
Assembly of the framing system is conducted on-site and in-situ. Connections are formed with bolts, cleats and stiffening
plates. Framing elements can be painted for increased aesthetics or intumescent paint can be applied to increase fire
resistance. External panel finishes can comprise of either built-up or composite panel systems with a variety of surface
finishes.
The system is excellent for room-in roof solutions and provides extra headroom whilst also lightweight enough to minimise
loading on existing foundations.

1 Styltech is commercialised by ArcelorMittal Arval - Profil du Futur
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Figure 8: Moment Frame possibilities and connection details

1.12 Hot rolled sections
In function of type and bearing capacity of the existing building, solutions with hot rolled profiles can be preferred.
That allows greater span as well as freedom in the definition of the over-roofing space. It also allow to gain more than
one or two floors due to the resistance of the sections.
The connection between the hot rolled sections and the existing building became an extreme critical points. All the
charges are in fact transferred to single anchoring points.
The concrete quality of the existing building are often poor. If the existing building had flat roof, it is often possible that the
acroterion has been damaged. In any case the acroterions quality of steel has been damaged by the age and the
weather. Tests on connections between hot rolled sections and weathered acroterion are done in WP 3.3. The objective
of the test is to verify the differences between normalised tests and real on site conditions.
If the weight of the over-roof floors is to high for the existing structure, a secondary structure could be insert to transfer the
loads to the foundations. That is the case of the roof top extension in Boulogne (France) in figure 9.

Figure 9: roof extension using hot rolled profiles- details of the junction of the secondary structure.
1.13 Prefabricated building elements
Prefabricated elements for facades, roof and floor can all be supplied fully insulated, fitted with doors and windows
according to the architect’s specifications.
Advantages of using prefabrication can be resumed as follow:
-

the time schedule and on-site span: quick assembly, reduce of water penetration in the building;

-

the labour cost;

-

reproducibility;
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-

quality performance: building elements processed in dry and controlled condition will reduce the weather
dependency and the overall quality.

Disadvantages:
-

weather dependency during the mounting of the modules: with wind force above 10m/s the work will be stopped;

-

crane dependency;

-

high level of accuracy and precision;

-

the access to the building site could be difficult for large modules.

1.13.1 Hi-point® Corus system
Described as a modern method of construction, off-site roof manufacture is commonly referred to as ‘off-site construction’
or ‘on-site construction’, depending on the constraint of the site. This involves the preassembly of almost all the
components at the factory premises, transportation to site and then lifting into position using facilities already on site.
Hi-Point® can be divided into two categories termed as ‘primary’ and ‘secondary’ frame. The primary frame is classed as
the module structure and the secondary frame includes the purlins to roof coverings.
The primary frame is manufactured from cold rolled, lightweight galvanised steel sections in the form of lipped and open
channels. The cold rolled sections are dimensionally accurate, extremely robust, non-combustible and can be installed
very quickly.
The complete roof modules can be lifted by either the purlin brackets or the top mounted lifting plates. These plates are
only used with standing seam solutions and are fixed by means of four split clamps under the lifting plate. The plates, or
the purlin brackets, are fixed close to the lifting trusses on the lightweight modules so that the main frames can resist
bending whilst performing the lifts.

Figure 10

Lifting methods via lifting plate or purling lifting brackets

Figure 11

hi- point examples
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1.13.2 Fusion Building solutions
Fusion building system brings together the structural efficiency of Light Gauge Steel with Neopor® insulation thanks to a
patented manufacturing process.
The system is reliant on bolted connections and has a proprietary connection system where truss members intersect; it is
predominantly based on the clinched ends of the sections overlaying each other. Span capacity is not available. However
it is assumed that the truss system is capable circa 15m spans.
The trusses are manufactured offsite, delivered to site pre-assembled and lifted to roof level for installation

Figure 12: Fusion building STiF system and roofing system
The fusion STiF (assumed to be an acronym for ‘STeel Insulated Frame) panel (Figure 12) is the steel equivalent of the
timber based structurally insulated panel (SIP). This system should be capable of providing a room-in-roof solution. Also,
it may be possible to adapt this system to suit the requirements of over-roofing and renovation.

1.14 Prefabricated building Modules
Modular roof units may be prefabricated and lifted into place, provided the crane has sufficient height and capacity. It is
apparent that this technique is most appropriate for low- and medium-rise buildings. Units are designed to span between
load-bearing walls, usually internal cross-walls. The flooring elements and cross-beams need to be sufficiently rigid to
allow them to span between the cross-walls.
Large modules may be added to an existing flat roof to create high quality penthouse apartments. In this case, the use of
lightweight modular construction minimises the loads on the existing roof. Separate modules are often required at the
edge of the building for access, independent of the rest of the building. Figure 8 shows a representation of this form of
construction.

Figure 13: Roof-top modules with separate access
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1.14.1 AyrFrame
AyrFrame is a galvanised steel modular building system, using cold rolled steel sections to form a structural frame. The
Ayrshire system is a prefabricated off-site manufactured module and panel system that is suitable for over-roofing and
new construction of residential and commercial buildings. Prefabricated volumetric modules are supplied fully fitted out
with internal surface finishes and serviced bathroom modules. Floors and ceilings are fabricated from lightweight steel
sections in cassette format, while walls are typical of other framing systems with 300mm centre spacing.
The construction of the volumetric units is based on the AyrFrame system that is also used to fabricate the AyrTruss
system described earlier within this document. Figure 13 shows an AyrFrame module constructed from proprietary cold
rolled sections that are joined by welded joints for extra rigidity.

Figure 14: AyrFrame- room in roof system
The system is fully assembled off-site in a factory controlled environment, transported to site, installed at roof level and
roof coverings are installed in-situ. A wide range of finishes are possible. This system delivers an efficient room-in-roof
solution with no headroom restriction.

1.15 Roofing materials
The new roofing materials can be designed to give a more traditional appearance, as shown in Figure 15 below. The
thermal insulation level required by modern roofing is as low as 0.15 W/m2°C which may require up to 150 mm of mineral
wool or 100 mm of polyurethane insulation boards.

Figure 15 Composite panels with ‘roof-tiles’ used in refurbishment
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Standing seam roof and other classical steel/metal finishing give to the new extension a typical aspect. In Central Europe,
standing seam techniques have been vastly used in city centres.

1.16 Recent example of over-roofing through Europe
The following figures illustrate the various forms of over-roofing systems that may be used. The main components are the
structure and roofing materials, which can take various forms. Figure 16 shows over-roofing of a single storey medical
building.

Figure 16

Over-roofing of a single storey hospital building

The Capella system consists of bolted light steel roof trusses with purlins spanning between, as shown in Figure 17. It is
able to span up to 12 m between façade walls

Figure 17 Capella system by Kingspan using light steel C sections

Roof-top extensions may be designed to match the existing building, as shown in Figure 18. In this case, the load-bearing
light steel walls were supported by the existing roof slab. A roof-top extension project in Rotterdam, called LageLand, was
carried out without having to displace the occupants.
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Figure 18 Two storey extension by Metsec to a residential building in London; Light steel framing for the new structure
A series of examples using Sunday system™ technologies are shown in Figure 19,20,21. In Figure 22, a roof top
extension done with Styltech technologies.

Figure 19

Office building in Rzeszow
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Figure 20

Figure 21

Rzeszow University of technology

Residential house in Warsaw

Figure 22: vertical extension done with Styltech elements(Gardane, France)

Figure 23

Roof top extension of a project in Rotterdam

The roof-top extension may be part of an over-cladding project, as shown in Figure 24. In this project in Copenhagen, one
8-storey and two 4-storey apartment blocks were renovated using colour-coated steel wall panels and modular placed
units placed on the roof to create new communal space. The building’s appearance was further enhanced by use of steel

ArcelorMittal Liège – Research and Development.

Vertical and Horizontal Extensions - Problems, Techniques and Recent Examples (3)

page 17/26

Robust

tubular members to support the cantilevered roof and to protect the walkway around the new roof units. The completed
building is shown in Figure 24.
The units were supported on three cross-beams that were supported on steel columns over the existing concrete walls.
The roof construction used stainless steel sheets on plywood and insulation.

.
Figure 24 Over roofing and over cladding of an existing 4 storey residential building in Denmark

A project in Plymouth (UK) involves extending an existing 4-storey building vertically to create new student bedrooms.
Modular construction was the only practical solution for this project because of the limited access to the building, and the
tight construction programme (less than 6 months).
The building consists of a steel frame with concrete slabs and was constructed in 1948. It was planned to install 28
modules on the roof, together with communal areas in light steel framing. The remaining part of the building was to be
renovated using light steel wall panels.
The existing roof was not considered to be strong enough, nor sufficiently weather tight, and so a grillage of steel beams
was first installed on the roof and supported on the existing columns. The grillage was located at the edges of the
modules, and was designed to support the modules and roof.
The modules are 5.1 m long and 2.4 m wide, and are constructed using 75 mm deep × 1.6 mm thick C section wall studs
and 225 mm deep lattice joists. Square hollow sections were introduced at the corners so that the windows could extend
over the module width, and could provide sufficient wind resistance. The modules design as well as the work in progress
and the final result are visible in Figure 25.

Figure 25: Plymouth University module and renovation.

A beautiful example of roof-top extension projects in Finland is shown in Figure 26 here below.
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Figure 26 Roof top extension of a residential building in Finland: before-during –after renovation

The building called Blu Building (Sesto San Giovanni, MI) was an old factory. The change of use required new facades as
well as new lighting space at the inside of the large volume. A big curved skylight made in steel gives light, sun and fresh
controlled air to the inside of the building (Figure 27).

Figure 27 Blu building (Courtesy of Fondazione Acciaio)
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2

Extension

2.1

Introduction

All new parts of an existing building can be defined as extensions. They can be small attachment as balconies, stairs,
bathroom or larger part of modules added to the building.
The major problem to be addressed is the connection and the relation with the existing building.
If we are talking about major added parts they often need extra foundation. The joining and the interaction with the
existing building are often to be deeply investigated. It can happen, in fact, that the new part of the building brings cracks
at the existing building.
In case of attached balconies or rooms or staircase, the point and type of connections are the critical parts.
Light steel structure can help these kinds of renovation thanks to the high resistance, the flexibility and the lightness.
The extensions can be on-site or off-site constrictions as well as modular.

A beautiful example of extension is the Collegio Universiario di Torino made by the Arch. Moretto.
The building was not able to answer at the new lifestyle and minimum demand for nowadays living. The rooms were
small, with insufficient light, no common spaces and the sanitary facilities were sheared by floor.
The project was able to change the facades as well as the quality of living thanks to steel extension. Semi prefabricated
elements were the base of the extension as shown in Figure 28.

Figure 28: Collegio Universitario di Torino (Courtesy of Fondazione Acciaio)

2.2

Modular construction in extensions

Modular construction consists of factory produced volumetric units that are widely used for single person accommodation
and social housing. Modular construction possesses many advantages in terms of renovation:
-

New facilities are added cost-effectively.

-

Construction is rapid, which minimises costs and disruption.

-

High quality can be achieved by off-site manufacture.

-

Delivery of modules can be timed to suit local conditions.
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-

The light weight of the modules does not over-load the existing building.

-

In some projects, it is not necessary for the occupants to move out during the renovation work.

-

The external appearance of the building is dramatically improved.

-

The life of the existing building is increased (because its deterioration is reduced).

Often, new modular units are used as part of an over-cladding or re-façading process in which the thermal insulation of
the existing facade is improved greatly in order to reduce the overall energy use of the building.
The opportunities for modular construction, as part of a comprehensive refurbishment of these buildings, are as follows:
-

Extensions to buildings to provide new toilet and bathroom units and service risers.

-

Enclosing existing open balconies to provide better internal environments.

-

New enclosed stairs and access walkways (or replacement of existing stairs).

-

New balconies and other features.

-

New external lifts.

-

Roof top extensions to create new apartments or communal space.

-

Conversion of redundant office buildings into apartments.

The economics of these major renovation projects are such that they should “pay-back” over 20 to
30 years in terms of:
-

Reduced heating bills (due to higher insulation levels).

-

Increased rental charges (due to better quality environment and habitable space).

-

Additional sales revenue, such as from new roof-top apartments.

-

Less maintenance of the existing building fabric.

2.2.1 Technical issues
A particular application is in the attachment of external modular units to concrete or masonry buildings. The modular units
form part of the remodelling of the building façade and reduce the weathering or deterioration of the existing structure.
The technical issues that are appropriate to the use of modular units in this sector are as follows:
-

The buildings are often tall (10-20 storeys) and the modular units are stacked on top of each other. The lower
units should therefore be strengthened in order to avoid over-engineering of the modular units at higher levels.

-

Overall stability is provided by attachment to the original structure. Therefore, ‘strong points’ should be identified
on the existing floors or columns to avoid instability of the stack of modular units.

-

The cladding to the modular units should be compatible with the cladding to the rest of the building.

-

Lightweight facade materials may need to be attached by sub-frames to the modular units and also to the existing
building.

-

The foundations to the external modular units should be sufficient to avoid differential settlement problems with
the existing structure.

The rationale for the use of modular construction in renovation is often determined by avoidance of disruption to the
occupants, who are usually not moved out during the renovation process. The economics of modular construction
improve considerably if a number of similar blocks are renovated in the same fashion.
Over-cladding may also be considered as part of a comprehensive renovation to improve the thermal performance of the
building.
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2.3

Modular toilet and bathroom units

Highly serviced toilet and bathroom units may be stacked externally to the building and accessed either through the
existing facade or by the covered former walkways that are now part of the habitable space. Installation of a modular toilet
unit at a project in Forssa, Finland is shown in Figure 29. The units were clad with steel cassette panels, which were
insulated behind with 150 mm thick mineral wool.

Figure 29 Installation of modular toilet units (courtesy Ruukki)

The box-like appearance of the original concrete panel structure was transformed by these modular units with new
galvanised steel balconies spanning between them.

2.4

Modular stairs, lifts and balconies

New balconies, external stairs and lifts and disabled access can be provided by modular components. An example use of
this technology was in the renovation of a concrete tower block to provide new facilities and to improve the thermal
insulation and appearance of the building. New balconies and external lifts were installed, as shown in Figure 30.

Figure 30 Tower block- balcony extension
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