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Typical construction
and assemblies

1.1 Introduction 1.4 Secret fix

Profiled steel or aluminium sheets are used in Secret fix or standing seam systems use special
various roof constructions as shown below. The profiles for the weather sheet with virtually no
guidance in this document applies in principle to exposed through fasteners. This provides greater
all of these constructions, but primarily to the reliability and means they can be used on very low
double skin system with trapezoidal or secret fix slope roofs. Secret fix sheets can be used as the
profiled sheets, which is the most common type of weather sheet in all the roof constructions shown.

metal roof construction used in the UK. Sinusoidal
profiles (for example corrugated iron) are not used

for modern industrial and commercial roofs and they
are not covered by this guide. Secret fix systems

and composite panels are both described fully in \
separate MCRMA technical guides. The guida

this document is generally consistent with that.i
BS5427 The Code of Practice for the use 0
Sheet for Roof and Wall Cladding on Build

NOTE: For detailed information see MCRMA

technical paper No 3 Secret fix

1.2 Single skin syst
An uninsulated profiledime
to the purlins.

RO

Fig 3: Secret fix system

1.5 Site-assembled composite

This is a special site-assembled double skin
construction which uses profiled rigid insulation to
completely fill the space between liner and
weather sheets. The insulation may be
polyurethane, polyisocyanurate or mineral fibre.
No spacer systems are required.

<

A 4

1:8Single skin system

& Double skin system

% This common type of construction consists
generally of a shallow profiled metal liner, a
spacer system and an outer sheet usually in a
deeper profile. The insulation is typically a

mineral fibre quilt. ) ) )
Figure 4 — Site-assembled composite

1.6 Factory made composite panels
These panels combine a liner, rigid insulation and
weather sheet in a single factory made component.
Although it is possible to use various types of rigid
insulation only polyurethane and polyisocyanurate
expand and autohesively bond to the facings during
manufacture and they are therefore used for the
majority of composite roof panels.

Fig 2: Double skin system



NOTE: For detailed information see MCRMA
technical paper No 9 Composite roof
and wall cladding design guide

]
Fig 5: Factory made composite panel

1.7 Under-purlin lining

Note that where under-purlin lining is required
for hygiene reasons, for example in food
processing buildings, an additional liner must be
used in conjunction with a standard over-purlin
Insulated cladding system.

Components

Steel and aluminium roofing sheets are
produced by MCRMA members in a wide variety
of profile shapes, coatings and colours. The
details below are for general guidance and full
details of products should be obtained from the
individual manufacturers. Component and
system durability is discussed in Section 9.0.

2.1 Profiled sheets

Profiled weather and liner sheets are made_of
steel to BS EN 10147 or aluminium to BS EN 485
(and related standards).

Thicknesses vary depending on product and
application but the values inFigi6are
generally regarded as minimum values imymm.

STEEL ALUMINIUM

Weather sheet 0.7 0.9
Liner sheet 0.4 0.5
Walkable liner sheet 0.7 0.9

Fig6: Minimum sheet thicknesses

The,depths of trapezoidal profiles are typically
32mmifor the weather sheet and 20mm for the
linerfbut note that the weather sheet depth in
particular might vary considerably. Cover
widths vary similarly but are often about 1m.

©© Coatings

All steel faces are hot dip galvanised or aluzinc
coated and painted to provide the required
appearance and durability. Aluminium is
supplied with a mill or painted finish.

The coatings shown in Fig 7 are commonly
available in a wide range of colours.
Individual manufacturers may supply others.



Type Substrate Typical thickness: Application
microns

Plastisol steel 200 weathersheet

Pvf2 steel and aluminium 25 weathersheet

Multicoat steel and aluminium 100 weathersheet

ARS aluminium 28 weathersheet

Polyester steel and aluminium 22 liner

Fig 7: Typical coatings

NOTE: The standard liner specification is for normal internal environments. Higher specification coatings

should be used where there are aggressive environments or where hygienic finishes areirequired.

Full details of the range of available coatings can be obtained from the individual, manufacturers.

23 Spacer systems

The spacer system in a double skin metal roof is
used to create a cavity between the liner and
weather sheet for the layer of insulation. The
spacers are structural items, which support the
weather sheet and they are always positioned
over purlins or other structural members and must
be fixed securely to them.

Zed spacers (or minizeds) made of galvanised
steel approximately 1.5mm thickdand supported
on nylon ferrules were the standard solution for
many years. They are generally suitable for
layers of insulation uptex100mm thick but at
greater depths the traditional zediferrule
arrangement is not adequatelyastiff or stable.

A new generatioh, of Spacers consisting of roll
formed rails ofstructural grade steel with plastic
blocks orbracket supports and thermal break/
vapour sealipads have been developed and are now
commonly used-“These are generically known as rail
and bracket systems. The designs are engineered to
be more stable at a range of depths to suit most
insulation thicknesses likely in the future, and they
also minimise thermal bridging. Typical spacer
systems are shown in Fig 8.

Traditional
zed spacer
e AN fEITUIE

[} )

i
A

Fig 8: Typical spacer systems

. Fasteners

There are many proprietary fasteners available
and it is not possible to describe them all in this
guide. The details below are for general guidance.
For detailed information see MCRMA technical
paper No 12 Fasteners for metal roof and wall
cladding: design, detailing and installation guide.
Further specific details can be obtained from the
cladding and fastener manufacturers.




Fasteners can be divided into two
distinct categories:

a) Primary

These fasteners are designed to transfer all loads
on the cladding system back to the supporting
structure so their strength is particularly important. If
the fasteners are exposed they must also provide a
weathertight seal. They are normally used in the
valley of the profile. If crown fixing

is recommended by the manufacturers,

saddle washers are usually required.

CE——

000000

—\

Q0000000000

Fig 9: Typical primary fastener positions

The most common fasteners are self-drilling and
self-tapping which can be installéd in oneSimple
operation into a variety of materialsySelftapping
screws (with no drill point) are also, available and
may be preferred in some applications. Mast

screws are now available in/plated‘¢arbon steel or
stainless steelgthey come eemplete, with a 16mm or
19mm diameter, sealing washerand they can have
integraldcolour, matchediplastic heads or separate
push-on plastic eaps:{Lhe strength of

alfixing depends on the fastener design and the
thickness andwield strength of the purlin.
Fastener, manufacturers and suppliers can supply
strength data for their products installed in a range
of materials and thicknesses.

b) Secondary

These fasteners are used to connect side laps,
flashings etc. and they are not normally
considered as structural. However, where the
fasteners are providing lateral restraint or in a
stressed skin design, their strength would have to
be considered in the structural calculations.

Self drilling and tapping

"
%

Bracket Outer sheet
to purlin to spacer
Mini-zed
to purlin
through
ferrule
Composite
and  site-
assembled
composite
Self tapping

Metal

sheet to =

hot rolled Metal sheet
steel to timber

Fig 10: Primary fasteners

Self drilling stitcher screws

LA

=B |%r

Neoprene grommet for rooflights

Rivets

Fig 11: Secondary fasteners



In most cases these fasteners are exposed so
they must provide a weathertight seal. The most
common types are self-drilling and self-tapping
stitcher screws with sealing washers and plastic
heads/caps, or sealed rivets with or without
plastic caps.

When selecting the fasteners for a roof, the
structural performance, environmental
conditions, corrosion resistance (including bi-
metallic corrosion), weathertightness and ease
of application must all be considered.

2.5 Insulation

The majority of site-assembled double skin roof
constructions use mineral fibre (glass or rock) quilt
insulation supplied in rolls. When unrolled on site
the material expands to at least its required
thickness and normally fills the cavity created by the
spacer system between the liner and weather sheet.
The material is normally quite soft and deforms
around the small profiled ribs on the liner, and under
and around the spacer system.

Rigid mineral fibre insulation slabs are also used
in some circumstances but this is less
deformable than the quilt and the roofing system
has to be designed and installed with this in mind
so that no gaps are left in the insulation layér.

Site-assembled composite constructionsido not
use spacer systems and rely on the rigidity of the
insulation and special fasteners;to support the
outer sheet. In this case rigid‘profiled
polyurethane, polyisocyantrate, ‘and“mineral fibre
insulation are used.

Weathertightness

3.1 Performance requirements

The effects of the internal and external conditions
on roof constructions are more severe than on
wall cladding. The satisfactory performance of any
roof cladding system depends on the correct
selection of materials, and the design, detailing
and assembly of every aspect of the construction.
The position and shape of the building, all types of
loading and the internal and external
environments must all be considered.

3.2 Roof pitch

Over recent years roof pitches on industrial and
commercial buildings have tended to be asyshallow:
as possible in order to reduce the heatingicosts

of the large empty roof spaces, and for aesthetic
reasons. Most through fixed trapezoidal, metaljroof
sheets incorporating narmalside;and endfaps are
suitable for roof pitches of 4° or steeper. Note that
the risk of leakag@decreases as theqitch increases.
For increasednreliability and for pitches down to | °
(after all deflections)na.secret fix system must be
used withino exposed through fasteners, special side
lap§ andypreferably no‘end laps.

NOTEXFor detailed guidance refer to MCRMA
teehnical paper No 3 Secret fix
reofing design guide.

3.3 End laps

The standard end lap arrangement for trapezoidal
steel weather sheets at any roof pitch greater
than or equal to 4° is shown in Fig 12. Typically,
two continuous runs of 6 x 5 or 6mm diameter
butyl sealant strips are used. The lower run is the
primary weather seal and should be positioned as
close as possible to the edge of the top sheet.
The upper seal is to prevent moisture entering the
overlap from inside the cavity.

The fasteners clamp the two sheets directly to the
spacer (or rigid insulation) and both runs of
sealant are compressed. The frequency of the
fasteners depends on the profile but must be
sufficient to consistently clamp the sheets and
seals along the full length, typically every trough.
For optimum durability the edge of the
overlapping sheet must be painted.



_150mm /'\
S

Two runs

of sealant

Fig 12: End lap detail for roof pitches greater than 4°

Aluminium weather sheets may require a slightly
different end lap arrangement to allow for the
coefficient of linear expansion, which is twice
that of steel. The actual arrangement will
depend on the length and colour of the sheets.
The colour determines the maximum
temperature that the sheets reach and therefore
the maximum degree of expansion.

Fig 13 shows a typical detail, which allows some
movement at the end lap joint without affecting the
fasteners. Special sealants need to be used to
provide a suitable sliding joint, and the overlap
may be increased to 200mm. When aluminium
profiles are being considered the manufactdrer's
recommendations should be followed.

ofisealant

Fig 13: End lap'detailjto allow some movement
inghe joint

For increased reliability the number of end laps
should always be minimised as far as possible.

. Side laps

A typical side lap between trapezoidal sheets is
shown in Fig 14. This arrangement is ideal

because the outer rib of the underlapping sheet

is complete and provides the optimum support
for the overlapping sheet so that the side lap can
be sealed and stitched effectively.

It is common to see specifications
recommending that side laps should be arranged
away from the prevailing wind. This is sensible in
principle but is often not practical. The joint must
be weathertight in all circumstances.

Alternative seal positions

Fig 14: Typical side lap‘detail

Typically, a continuous run ofi€ x 5 or 6mm
diameter butyl sealant stripiis used on the centre
of the underlapping ribyar on the weather side of
the lap“en all trapezoidal sheets. All trapezoidal
roof'sheets should be stitched through the centre
ofithe top of the side lap at typically 450mm
centres using.sealed stitcher screws or rivets.



Thermal Performance

4.1 Regulations

The thermal performance of the roof cladding is
important because it affects the amount of energy
required to heat the building and will influence the
running costs and the comfort of the occupants.
Approved Document L2 to the Building
Regulations (2002 Edition) Conservation of Fuel
and Power defines the required levels of
performance in terms of U values, thermal
bridging, and air tightness, and explains how the
requirements can be achieved. Site testing of the
completed building is required in many cases; 1o
ensure the design performance has been
achieved. It means that the building designeriand
cladding contractor need to pay more attention tQ
the thermal performance of individual‘details ofithe
construction, which were notépreviously defined.

The Approved Document refers 16 MCRMA
technical paper No 14 Guidance forithe
design of metal reofing‘and‘eladding to
comply with Approved®®ocument2:2001, for
further moreidetailed information.

4.2 U-yalues

421 Methods af, determining U-values
Thetelemental)U-value or thermal transmittance
specified iny, Approved Document L2 for

2
industrial and commercial roofs is 0.25 W/m K.

Approved Document L2 requires that profile
shapes, and repeating thermal bridges, such as
metal spacers and other fixings, are taken into
account when a U-value is calculated using the
‘combined’ method, which is specified in BS EN

ISO 69461 and CIBSE Guide A32. However, this
method is designed to deal with the type of
thermal bridges such as timber studs, which distort
the heat flow relatively little, and it specifically
excludes elements in which the insulation layer is
crossed by thin metal components.

Ultimately, the U-value of this type of element has to
be calculated by developing a full two- or three-
dimensional thermal model of the structure to
calculate the heat flows. This is a complex task
requiring software, which complies with BS EN ISO

3
10211:1996 , and is usually carried out only

by specialist consultants. A number of system
manufacturers provide U-values of their systems
for different insulation thicknesses, fixing
spacings, etc that have been calculated by
independent bodies.

A range of simplified methods has been
developed for use in specific cases; these can be
obtained from the following sources:

%, Twin-skin systems with zed spacers are
4
covered in BRE Information Paper IP 10/02 .

*,. Twin skin systems with rail and bracket
Spacers are covered in SCI Technical

Information Sheet P3125.

* A software package KOBRA, which allows the
calculation of the thermal properties of a
range of wall and roof systems is used by
members of the MCRMA.

* A U-value calculator, which covers all types
of walls, roofs and floors, is available and
can be downloaded from
http://projects.bre.co.uk/ uvalues/.

The appropriate methods that should be used to
calculate U-values in all instances are specified

6
in BRE Report BR443 .

Alternatively the thermal transmittance (U) of a
roof cladding construction can be measured
using a calibrated hot box, in accordance with
EN ISO 8990.

4.2.2 Insulation thickness required

The following table indicates the approximate

insulation thicknesses required to achieve a U-
2 . . .

value of 0.25 W/m K using a typical type of rail

and bracket, liner and outer sheet. The effect of
different insulation materials and varying purlin
and bracket centres is also indicated.



Purlin spacing : m
Insulation Bracket 0.9 14 1.8
conductivity : W/mK | spacing : m

0.035 0.5 175 160 155

1.0 160 150 150

0.04 0.5 210 195 185

1.0 190 180 175

0.045 0.5 220 210 200

1.0 205 200 195

2
Fig 15: Insulation thickness in mm necessary to achieve a U-value of 0.25 Wilm K

(Assuming a liner sheet with 18mm profiles at 200mm centres andyan outer sheet with 35mm profiles

at 167mm centres)

These are the theoretical minimum insulation
thicknesses required. In practice, the insulation
quilt used is normally selected from a range, of
standard thicknesses such as 80mm, 100mm-etc.
and a building might contain a variety of,purlin
spacings so the construction@ndimaterialsyhave
to be specified with care.

No matter which insulation iS\usedit is vital'that the
material is installed carefullythreughout, ensuring
there are no gaps particularlyiat apertures, ridge,
eaves, corners etc. The continuity of insulation is
specified in thelRegulations;,and a thermographic
survey might be used t@ycheck the consistency of the
insulation in‘the completed building. Individual
manufacturers’ literature provides details of their
systems.

In some cases it may only be necessary for the
roofing supplier to demonstrate that the system
U-values are less than or equal to the value of

2
0.25 W/m K required in Approved Document

L2. However a more detailed knowledge of the
specific U-values of all the elements of the
building will be necessary if it is proposed to
trade off areas, assess the contribution of thermal

bridges‘antrade off heating system efficiency with
improved fabric performance (see below). In these
cases it will be necessary for some member of
the design team, generally the architect, to take
responsibility for collating the heat loss from all
the plane areas (U-values), and thermal bridges
at junctions between the plane areas ( -values),
and dimensions of the individual components,
from a number of different suppliers.

4.2.3 Trading off U-values and areas

Within certain constraints, Approved Document L2
allows trading between the elemental U-values
and the areas of components specified in the
Approved Document, provided that the overall
heat loss from the building is less than that from a
notional building of the same size and shape, with
the elemental U-values and areas.

The various constraints are:

The U-value of any opaque part of a roof is no

worse than 0.35 W/m2K.

This constraint is designed to reduce the risk
of surface condensation. It accommodates
situations, such as the need to include more
fixings, which raise the U-value, in areas of a




roof subject to greater wind uplift. The area
weighted average U-value of the roof

should meet the 0.25 W/mZK limit.

« If the area of openings in the proposed building
is less than the values shown in the Approved
Document, the area weighted average U-value
of the opaque parts of the roof cannot exceed
the appropriate value in Table 1 of Approved

2
Document L2 by more than 0.02 W/m K.

* No more than half the allowable rooflight
area can be converted into an increased
area of windows and doors.

The possibilities for trading off and the constraints
may be illustrated by some specific examples:

A) Table 1 of Approved Document L2:2002 gives
the elemental U-values for a roof with integral

2
insulation as 0.25 W/m K and for rooflights as 2.2

W/mzK. Table 2 gives the maximum allowable
roof light area as 20%. This means that the
average U-value for the roof will be 0.8 x 0.25(+
0.2x22=0.64 W/mZK.

If the rooflight area was only 10%, thesooflight U-
value could be increased to Uy so long as the
relationship: 0.9 x 0.25 + 0.1 xdy| & 0.64 was
satisfied. This means that Uyl canhed@s high,as
41 W/m2K. It is not, however,possibleyto carry

out the similar calculation: 0,9 xWJf + 0.1'x 2.2 §
0.64 to allow a U-value of the;opaqué parts of the

roof up to 0.47 V\é/m K; constraintib), above, limits
this to 0.27 W/my K.
B) If, for structural reasons, more fixings are used
near'the'eaves and ridge, raising the U-value of
25% of the'epaque area of the roof to 0.35

2
W/m K, the maximum allowed by constraint a),
the U-value, of the remaining 75% of the opaque
part of the roof has to be reduced to satisfy:

2
0.75 x Upf + 0.25 x 0.35 8 0.27, i.e. to 0.24 W/m K.

4.2.4 Responsibility for calculation of U-values
The U-values of the individual components of a
building should be specified during the design stage.
These will often follow the elemental values specified
in Table 1 of Approved Document L2, however there
may be circumstances in which

lower (better) values may be specified in certain
areas to allow trading off with other areas. The
responsibility for calculating the U-values of
cladding systems usually lies with the supplier of
the system, who should be in a position to justify
the values quoted by reference to the
documentation discussed above or by producing
results from calculation carried out to BS EN ISO
6946 or BS EN ISO 10211-1 as appropriate. The
values for other cladding elements sugh as
smoke vents or rooflights sheuld be provided by
the appropriate manufacturer.

4.3 Thermal bridging

4.3.1 Effects of thermal bridging

Thermal bridges are areas of theyfabric where the
geometry ofithe structure andlor the presence of
high conductivity materialsierossing the insulation
lead(to heat flows that are locally higher than in
surrounding areas. Fhese both add to the total
enetgy demand of the building and lower the
internalisurface temperatures. Depending on the
environmental conditions within the building and
the nature of the internal surfaces this can lead to
surface condensation or, less commonly in
industrial buildings, mould growth.

Approved Document L2 requires that the building
fabric should be constructed so that there are no
significant thermal bridges or gaps in the insulation
layer(s) within the various elements of the fabric, at
the joints between elements and at the edges of
elements such as those around window and door
openings. Thermal bridging within elements, such as
at spacers, is taken into account when calculating U-
values, so here it is necessary to concentrate on the
thermal bridging at junctions and penetrations. One
way of demonstrating compliance is to utilise details
and practice that have been independently
demonstrated as being satisfactory. This can be
done for domestic style constructions by following the
details given in the robust construction details
publication. However, as these often do not apply to
industrial buildings, calculations or the use of robust
design practices must be used to demonstrate

7
compliance. BRE IP 17/01 and the MCRMA

8
technical paper No 14 specify the necessary

procedures.



4.3.2 Design to avoid condensation and
mould growth

In buildings, especially housing, which have absorbent
internal surfaces, the lowered surface temperatures at
thermal bridges can cause mould growth, which is a
major cause of respiratory allergies such as asthma.
Mould growth, which occurs at a surface relative
humidity of 80%, is, however, very rare on the
impermeable internal surfaces of metal faced roofs.
Condensation, depositing drops of

water on the surface, which does not occur until the
surface relative humidity has reached 100%, is much
more likely in this case. Even when condensation
occurs, often less than 10 grams per square metre
accumulate, seen as a fine mist on the surface,
which rapidly disperses as temperatures rise. At

2
least 70 g/m must accumulate before it will run

2
down a sloping surface and 150g/m before dripping
will occur from a horizontal surface.

The concept of surface temperature factor, or
f-value, is used to separate the performance
of the structure from the imposed
environmental conditions; this is defined by:

Ts-Te

CTi-Te
where Ts is the local surface temperature
Te is the external @ir temperature
Ti is the interpalfair temperature:

Surface temperature critefiad Wwhich define fmin and
which are more appropriate tayindustrial buildings
have been established based on'BS EN ISO

9
13788:2001 . Different building types fall into the

different classes shown'in Fig 16, with the minimum
f-values, which are required to avoid condensation in
the different internal environments.

The f-valuefor a particular construction can be
established by computer modelling, as part of
the heat loss calculation (see 4.3.4).

4.3.3 Design to reduce heat loss
through thermal bridges

Heat loss through linear thermal bridges (at
junctions and openings) is expressed in terms
of the linear thermal transmittance or -value
(pronounced ‘psi’). This is the extra heat loss

Humidity | Building type Minimum
class f-value
1 Storage areas 0.30
2 Offices, shops 0.50
3 Dwellings with low 0.65

occupancy
4 Dwellings with high 0.80
occupancy, sports
halls, kitchens,
canteens; buildings
heated with un-flued
gas heaters
5 Special buildings, 0.90
e.g. laundry, brewery,
swimming pool

Fig 16: Internal humidity classes and the
minimum temperature factor necessary to
prevent condensation

through the junction, over and above the heat
loss through the adjoining plane elements.

BRE IP 17/01 contains a table of -values for
thermal bridges in typical domestic constructions; if
the calculated -values in the building under design
are less than or equal to these values, then no
further action is necessary. If the thermal bridges
under investigation do not appear in this table,
which is most likely in the case of industrial
buildings, the total heat loss for the building fabric
must be calculated, and compared with the
permitted maximum heat loss from a notional
building with the same size and shape.

The permitted heat loss through thermal bridges
is 10% of the sum of the heat loss through the
plane areas of the notional building. So to satisfy
the Regulations:

Aac'UaC +L-<11x Aeerl Where:

Agc and Ugc are the elemental areas and
U-values of the real building.
L- is the sum of the heat loss through
junctions.
Ag| and Ug| are the elemental areas and

U-values of a notional building with the
same size and shape as the real building.
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The fact that the heat loss from the real building is
compared with that from the notional building means
that, provided that the surface temperature criteria in
Fig 16 are met, it is possible to trade off areas and
U-values against thermal bridges. So that if it was
not possible to design out a severe thermal bridge,
the criterion could, for example, be met by reducing
the rooflight area from 20%, while retaining the

2
rooflight U-value at 2.2 W/m K. (See example in
MCRMA technical bulletin No 11).

The calculation of -values and f-values is not
required by Scottish Technical Standard J.

4.3.4 Sources of -values and f-values

Because thermal bridges occur at junctions, complex
two dimensional calculations using software that
complies with BS EN ISO 10211-1:1996 are needed
to determine the -values and f-values. These can be
carried out by specialist contractors, but are time
consuming and expensive. A number of
manufacturers have commissioned calculations of the
necessary values and publish them in cataloguesfof
standard details. These are generally accepted,by
building control authorities. There are however, ng
generally accepted conventions for carfying outithese
calculations, and it is possible that.casesyof dispute
will arise.

While cladding suppliers can‘generate the

necessary thermal bridge parameters for their
systems, there may be particular difficulties where
different systemsimeet, for exampleywhere a twin
skin roof from epe manufacturefymeets

a compaSite panelwall ffrem another. In these cases
it will be'necessary, forithe building designer/
architect tolarrange for the -values and f-values to be
calculated for thegparticular instance.

Calculatingythe total heat loss for the building
requires information on the areas and U-values,
and details of junctions of all the various
components of the building, which will have been
provided by a number of suppliers and trades.
This means that realistically it can only be done
by the building designer/architect.

Some typical junction details for twin skin metal
roofing are shown in section 11. Many of these

have no additional metal crossing the layer

of insulation and the insulation is effectively
continuous, and as a result the values are very
low. Any details which incorporate these design
principles would be expected to have low values,
and contribute very little to the total heat loss from
the building.

4.4 Air leakage

Besides the fabric heat loss through the plane
areas and thermal bridges, described,in
sections 4.2 and 4.3, air leakage from the
interior can add very significantly te the total
energy demand of a buildings Ventilation heat
loss can accountfor asynuch as'50% of the
total heat loss from a leaky,building, leading to
a significant potential for savings if the leakage
paths aretidentified and'sealed. A further
disadvantage of very leaky buildings is that their
internal environment'is difficult to predict and
control, leading'either to plant oversizing or to
uneemfertable conditions within the building.

Approved Document L2: 2002 lays stress on the
need to achieve a reasonable standard of
airtightness, and makes suggestions as to how
this might be achieved by appropriate sealing
measures. It also suggests that it may be
necessary to demonstrate compliance with a report
from a ‘competent person’ that appropriate design
details and building techniques have been used or,
for buildings larger than 1000 m floor area,

to carry out an air leakage test. It is, however,
important to remember that the cladding system
is only one of the areas of the building envelope
that contribute to the leakage. Junctions and
openings such as doors, loading bays, windows,
rooflights, smoke vents and service penetrations
may be more important.

4.4.1 Methods for measuring airtightness
Techniques for the testing and analysis of the air
leakage of buildings are described very fully in
CIBSE Guide TM23, which should be consulted for
fuller information. An air leakage test is carried out
by mounting a fan (or fans) in a suitable aperture
within the building envelope, usually a doorway,
running the fan to blow air into the building creates



a pressure difference across the building envelope

— see Fig 17 and Fig 18. The fan speed is varied to
create a range of pressure differences up to about
50 Pa (1Pa = 1N/m ) and the flow rate recorded at
each stage. The flow rate at 50 Pa, Qsq, normally in

m3/h, which is found from a plot of the flow
rate against pressure difference, is reported as

the parameter which defines the ‘leakiness’ of
the building.
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Fig 17: Diagrammatic representation of
whole building leakage test

Fig 18: Large fan for testing industrial buildings

A pressure test relies on the assumption that

the pressure difference is uniform over the

entire building envelope. This imposes certain
restrictions on the external climate parameters
that prevail during the test. Ideally the internal to
external temperature difference should be less
than 10°C and the wind speed should be less than 3
m/s. Higher temperature differences lead to

high stack pressure differences that distort the test
results, especially in very tall buildings, and high
wind speeds cause random pressure differences,
which make accurate readings difficult.

During a test, all internal doors should be wedged
open and, where appropriate, combustion appliances
must be switched off and any open flues and air
supply openings temporarily sealed (flues from room-
sealed appliances, such as balanced flues in
domestic appliances, do not need to'be,sealed).
External doors and other purpose-made openings in
the building envelope should be closed and
mechanical ventilation systems turned-offfwith the
inlet and outlet grilles sealedyFire‘dampers and
ventilation louvresishould be,closed. Drainage traps
should contain water.

The claddingyorfroofing system is only one of the
possible leakage,routes from a building and a simple
famypressurisation test quantifies the total air leakage
of.a buildingybut does not directly identify the
leakageypaths. A number of methods can be used to
provide more information, including releasing smoke
from,smoke pencils or puffers to visualise specific
flow paths; an internal infra-red survey of a
depressurised building in cold weather will rapidly
reveal areas that are being chilled by incoming air;
repeated testing of a building as successive specific
components are sealed, and isolating and testing
specific components.

4.4.2 Required air tightness

The parameter that is specified in Approved
Document L2 to quantify the air leakage rate
through the building envelope is the air
permeability. This is measured by the fan
pressurisation technique and is expressed in

3
terms of the volume flow of air per hour (m /h)

supplied to the space, per square metre (m2) of
building envelope (including the ground floor
area) for a specified inside to outside pressure
difference of 50 Pa.

Section 2.4 of Approved Document L2
requires that the air p2ermeability should be
less than 10 m3/h/m at 50 Pa.

12
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. Important leakage routes

To minimise air leakage through twin skin metal
roofing, the liner side of the construction must
be sealed as effectively as possible. This
involves sealing:

« Liner end laps — typically with butyl sealant

strip and additional fasteners
« Liner side laps and side joint at perimeter
— typically with a wide butyl faced tape
* Fasteners — with normal washers
* Perimeter or ends of sheets — with profiled
liner fillers and additional fasteners
* Any penetrations — such as pipes

With a good standard of construction and good
attention to detail it is easy to achieve a twin skin
metal roof structure that is tight enough to pass
the Approved Document L2 criterion.

However, as noted above, the cladding system is
only one of the areas of the building envelope
that contribute to air leakage. Junctions and
openings such as doors, loading bays, windows,
rooflights, smoke vents and service penetrations,
may be more important.

The typical junction details shown in section 11
indicate where air seals have to be fitted, but
reference should be made to manufacturers’
information for details of their particular
systems. In every case, satisfactory sealing'will
only be achieved by good workmanship on site:

Interstitial condensation

Interstitial condensation means condensation
that occurs inside a construction, usually hidden
from view. In normal metal clad industrial
building applications it is not an important issue,
but in some more specialist applications it can
be a critical issue.

5.1 Risks of interstitial condensation
Interstitial condensation may occur if water vapour,
generated within the building, is able to penetrate
the liner and reach cold areas outside the
insulation, where it may condense, usually on the
outer sheet. If sufficient condensation occurred, it
could potentially cause problems such as corrosion
of metal components and wetting

of thermal insulation, and the condensate could
run into the building staining intefnal finishes or
dripping onto equipment or processes. BecauseOf
the inherent impermeability of metal'liners, these
problems do not occur,in nermal applications.

Small amounts of condensatep0 — 10g/m , a
fine mist, will calmonly‘@ecur,on most nights,
even in the summer, howeverthese will usually
evaporaté rapidly‘during theyday, without leading
to anylong,term accumulation. Problems will
occur when the rateyof condensation is high
enoughyto allowaccumulations sufficient to cause
running ordripping of the condensed water.

The risks of interstitial condensation depend on the
design,and construction of the roof, and the internal
andiexternal climate of the building. Risks will be
higher in colder external climates and in buildings
such as swimming pools, laundries

or some food processing plant, that operate at
high internal humidities. Buildings, which are
operated at an over pressure, to reduce the
ingress of contaminants, are at especial risk as
the over pressure can drive warm moist air into
the structure.

It should be remembered that, while interstitial
condensation is usually caused in the UK by cold
external climates, severe problems can occur in air
conditioned buildings in warm humid climates,
when the vapour drive is from outside to in. It

is essential that designs are appropriate to

the climate in which the building is situated.



General guidance for the design of structures to
minimise the risks of interstitial condensation is
given in BS5250:2002 and a procedure for
calculating the accumulation of condensate in
any climate is given in BS EN 1SO 13788:2002.

5.2 Design to avoid

interstitial condensation

The moisture content of the internal environment
should be assessed and, if appropriate, controlled
by providing the correct levels of ventilation or

by air conditioning. This would normally be the
responsibility of the building services
engineer. However, it should be recognised
that there will be some degree of moisture
load in almost all building; the design of the
roof structure should therefore:

*  prevent water vapour reaching the cold areas
of the roof structure, by including an
impermeable vapour control layer on the
warm side of the insulation; and

* provide means for any water vapour that
does penetrate the structure to escape.

Vapour control layer
To minimise the potential for intérstitial
condensation in double metabskinconstruction
the most critical part of the'eonstruction is the
vapour control layer. Thisis uséd to minimise the
amount of moisture vapour)whichieanfenter the
construction bysdiffusion and aifleakage. It must
be positioned‘en the warm side of the insulation.
The vapourieontrol layer. can be made by
carefully'sealingitheprofiled metal liner or by
providing‘a separate polythene membrane on top
of the linér. Imeither case it is essential that the
vapour-eontrol layer is continuous throughout the
roof and allllaps are sealed, including at
abutments, rooflights, penetrations, gutters, ridge
etc. Note that constructing the liner to minimise
air leakage (see section 4.4) will automatically
provide the vapour control layer.

The same principles apply to all the other types
of metal roof construction shown in section 1.
All systems require attention to detail in their
design and construction on site.

5.2.2. Ventilation

No matter how well the vapour control layer is
constructed, some moisture vapour may get into the
construction and there must be provision in the design to
deal with it. The smaller the roof voids and the insulation
cavity the less moisture there is likely to be present to
condense. The roof voids should therefore be the
minimum required and the weathersheet should be in
contact with the insulation.

In site-assembled double skin constructions with
standard trapezoidal sheets ventilated fillers must
be used at the ridge and eaves toyallow some
breathing through the ribstin, theyprofiled
weathersheet. This helps to,disperse any
moisture vapour Which is‘in the,construction.

Other types of profiledisheets, such as secret fix,
use different,methods of ventilation. See
individual manufacturers’ details.

5.3'Breather membranes

A breather membrane is sometimes fitted on top
of the insulation in site-assembled double skin
constructions. This is designed to allow moisture
vapour to breathe out of the construction and to
prevent any condensation, which might form on
the ribs of the outer sheet from dripping onto the
insulation. It should be detailed to allow any
water on its surface to drain down to the gutter.

Experience has shown that a breather membrane is
not required in most circumstances. Its requirement
depends on the building’s internal environment and
the application. In normal applications, provided the
vapour control layer has been properly installed,
the amount of condensation is likely to be small and
no breather membrane is required. A breather
membrane only needs to be considered when the
building has a high humidity internal environment,
and then it should only be used in conjunction with
an effective vapour control layer and eaves to ridge
ventilation through the profile ribs.

Site-assembled composite systems and factory-made
composite panels with rigid foam insulation have no
voids above the insulation so there is no requirement for
rib ventilation or breather membranes.
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5.4 Rooflights

Ensuring continuity of the vapour control layer
and ventilation through profiled ribs normally
means that site-assembled rooflights should be
used with site-assembled double skin cladding
systems. Factory-assembled rooflights are used
with composite panels.

Compared to the surrounding insulated cladding,
rooflights have a significantly worse thermal
performance, there is therefore an increased
potential for condensation at rooflights. Misting of
all factory or site-assembled rooflights can

be anticipated from time to time, but it generally
dissipates without harmful effects. However, if
condensation is unacceptable rooflights should
be avoided completely.

NOTE: For detailed guidance refer to MCRMA
technical paper No 1 Recommended
good practice for daylighting in metal
clad buildings.

Acoustics

The acoustic performance of a building can be
an important aspect of the design and the roof
construction can play a major role in the
performance. For detailed guidance see
MCRMA technical paper No 8 Acoustic design
guide for metal roof and wall cladding. There
are two potential acoustic requirements:

6.1 Sound reduction

In this case the objective is to provide sound
reduction through the structure in order to reduce,the
airborne transmission of noise insidea building to
the outside, or vice versa. The level of performance
is referred to as the Sound Reductionindexy(SRI);
measured in decibels (dB).Ancreasingthe SRI by
3dB will approximately halveithe transmitted sound
energy.

While all metalfskin roofifig will provide some degree
of sound reduction the best performance is achieved
with double‘skin‘€onstructions using soft mineral
fibre insulation:“Additienal layers may be added
within the ‘censtruction, to further improve the
performance. Generally the heavier the cladding
materials the setter the Sound Reduction Index. The
actualperfarmance of each cladding system also
depends on the weathersheet and liner profiles and
the method of assembly.

As a guide a typical site-assembled double skin
steel roof cladding might achieve a weighted Sound
Reduction Index (Rw) of approximately 38 dB
whereas the value for a factory-made composite
roof panel (rigid insulation) might be 26

dB. Individual manufacturers can provide advice
on their own systems.

6.2 Sound absorption

Sound absorption is used to reduce noise levels and
improve the acoustics inside a building by reducing
unwanted multiple reflections from hard internal
surfaces (reverberation). This can be achieved with
site-assembled double skin systems by using a
perforated liner and mineral fibre insulation — see
Fig 19. The perforations allow the noise to enter the
insulation where it is absorbed.

A typical system would include a polythene vapour
control layer over a relatively thin layer of acoustic



insulation, followed by the main layer of thermal
insulation. The acoustic insulation should be faced
with a glass fibre tissue or similar, to reduce the
risk of dust falling through the perforated liner.
The exact acoustic performance of a roof cladding
cannot be assumed from data for a similar
construction and must be determined by test.
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Fig 19: Twin skinned system with sound
absorbing liner

Performance in fire

7.1 Introduction

The manner in which all elements of building
construction perform in the event of a fire is of
prime concern to the designer, the occupant, the
building owner and the building insurance
company. Profiled metal cladding constructions
must therefore conform to specific requirements
which are defined in the Building Regulations
Approved Document B. They may also have

to comply with other requirements defined by
building insurance organisations, such as the
Loss Prevention Council (LPC).

The purpose of the Building Regulations is,t6
ensure the health and safety of people imyor
about the building. The main requirements are:

* To provide a safe means of escape for.the
building occupants'by*preventing internal
fire spread.

« To prevénty, they spread’ | of fire to
neighbouring property:

+ Jo prevent an exterpal fire from setting fire
to'the building.

*3. Joprovide access for the Fire Brigade.

Generally/metal roof cladding has to limit the
Spread of fire on its internal liner face, prevent
the'spread of fire through any cavity, and resist
the spread and penetration of fire on its
weathersheet side. Roofs do not usually need to
provide any period of fire resistance.

European Standard test methods have now
been published, and it is now possible to
claim compliance with Approved Document B
using either the original BS 476 tests or the
new European tests.

7.2 Reaction to fire

The Surface Spread of Flame performance of the
internal surfaces of cladding sheets is determined by
testing to BS476 Part 7, giving classifications of
Class 1, 2, 3 & 4. Profiled liner sheets generally
achieve Class 1, the best rating. The sheets will also

achieve a rating of <12 and i1<6 in the BS476 Part 6
Fire Propagation test. The combination

16
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of these two results means that liner sheets can
be designated Class O according to the Building
Regulations, and their use is unrestricted.

Alternatively, the reaction to fire classification can be
determined using the Single Burning Item (SBI) test
BS EN 13823 and the classification to BS

EN 13501-1. Profiled steel liner with 25 micron
polyester coating achieves a classification Al,
which is the best classification, and means use
of the liners is unrestricted.

7.3 External surface

External surfaces of roof cladding must
demonstrate adequate resistance to the spread
and penetration of fire from outside. This is tested
according to BS476 Part 3 and given
classifications of AA, AB etc through to DD. The
first letter denotes the rate of penetration through
the construction, A being the best. The second
letter refers to the spread of flame, and again A is
the best. The classification is accompanied by
EXT for external, S for sloping or F for flat. Profiled
cladding generally achieves the top rating
EXT.SAA or EXT.FAA.

There is no equivalent European classification
for the external fire performance of roofs in
Approved Document B (2003)

7.4 Cavity barriers

The regulations require that the size of all hidden
cavities is restricted by cavity barrierste,prevent
the unseen spread of fire. However, according to
B3 10.11g, cavity barriers are not'required

in double profiled metal skin roof constructions
provided the surfaces ofdthe insulation have

a surface spread of flamelef €lass¥©.or 1, or
European Class C-s3, d2 or hetter, and make
contact with the inner and outer sheets.

7.5 Building insurance

Typical twin metal skin roof constructions, which
are insulated with mineral fibre (glass or rock),
are considered to be non-combustible by
insurance companies, and do not create any
particular hazard in relation to fire. No type
approvals, such as LPC, are normally required.

Structural performance

. Design loading

Roof cladding systems and their fixings must be
strong enough to withstand the worst combinations
of wind, snow, imposed and dead loads calculated in
accordance with BS6399 — see Fig 20.

1)

2
Load case Load factors )

1.4 Wd + 1.6 Wi
1.4 Wd + 1.05 Wsnow

Dead + imposed
Dead + snow drift

Dead + wind 1.4 Wd + 1.4 Wind

Dead - wind 1.0Wd - 1.4 Wind
3

Attachment( ) 1.0Wd - 2.0 Wind

Notes:

* Wd = deadload
Wi = imposed load (BS6399:Part 3)
Wsnow = snowdrift load (BS6399:Part
3) Wind = wind load (BS6399:Part 2)
* These load factors are mostly from
BS5950: Part 5 and are also adopted in
BS5427. They apply to the metal profile.
« Attachment refers to the fixing assembly
(fasteners or clips). A minimum factor of 2
should be used and may be increased for
timber and other non-steel substances.

Rig 20: Load factors
Theretare two other special load cases for roofs:
« Foot traffic:

For many roof constructions point loading due to
foot traffic is one of the critical load cases. The
minimum thicknesses specified in section 2 are
generally required to enable the roof to withstand
foot traffic during assembly, but even these are
not immune from damage, if care is not taken.
Metal roof cladding is normally only designed for
cleaning and maintenance loading. If regular
access is required special walkways should be
provided. The appearance of some roofs,
particularly if made of aluminium, may be impaired
by excessive foot traffic.



Impact loading — Non fragility:

When people walk on roofs during construction
or to carry out maintenance, there is always

a risk of falling over, and this can cause an
impact load on the roof. For the safety of the
individuals, the roof construction must be able
to withstand this loading without failure, and
be classed as non fragile.

The non fragility of profiled sheet roof
constructions is determined using the
method in ACR[M]001:2000. The test
involves dropping a 45kg sand bag from
1.2m onto a sample of the construction, built
on a special test frame. Provided the bag is
retained on the construction, no matter
where the bag is dropped, the sample can
be classed as non fragile.

A classification system A, B, C, is used to
show how many impacts the sample will
withstand and how much damage is caused:

Class C is one impact, with damage
Class B is two impacts, with damage
Class A is two impacts, with 10 damage

For the whole of a particular roof to be
classed as non fragile; all'thé various
elements, such as¥oof sheets,andsooflights,
and the junctions between‘the elements, must
be non fragile. This mustiinclude any special
detailszon theyroofysuch as hips, curves, and
varying purlin centres:

T'he perfermance depends on the assembly of
components;fand not just the sheet material, so
detailsyat supports such as fasteners are
normally important. Correctly assembled profiled
steel outer roof sheets with a thickness of 0.7mm
would normally be expected to achieve Class B,
either as single skin or as part of a double skin
system. Correctly fixed profiled liner can also be
classed as non fragile, which can be an
advantage during construction and maintenance,
but because the material is only typically 0.4mm
thick, the construction is

much more sensitive to correct fixing details
and correct installation. The manufacturers of
the individual roofing elements and systems
should provide non fragile specifications for
their products.

8.2 Load span tables

Profiled metal cladding manufacturers all provide
load span tables for their products tg enable the
building design engineer to select suitable purlin
spacings to accommodate the design,loadings
calculated above. Typically theyspacing weuld be
1.8m, though this may_be reducedjin valleys’or
behind parapets where highysnowdriftloadings
can occur, or at gavesyverges and corners,
where there may'be highlecalwind suction
loads. Additional fasteners may be required in
these areas, to withstandsthe high suction loads.
The(normal Mmaximum span for lightly profiled
liner'sheets is 1:8m

8.3 Spacerfsystems

The spacer, system must be strong enough to
transfer all loads acting on the weathersheet into
thedouilding structure, while maintaining the cavity
for the insulation. There should not be excessive
deflection particularly under foot traffic loads.

The various spacer systems described in section
2 have different fixing arrangements but in all
cases there must be sufficient fasteners to resist
the loads applied. Wind suction is often the
critical load case. Note that pull-out strength of a
fastener securing the spacer system depends on
the thickness and grade of the purlin to which it
is fixed. Thicker material, and higher yield
strength give increased pull-out strength.

8.4 Lateral restraint

When fixed correctly, profiled metal roof cladding
systems assist in the design of the framework by
providing a measure of restraint to the top flange
of the purlin. Safe working loads for purlins are
based on the assumption that the sheet profile
and fastener system employed will provide full
lateral restraint.

Experience has shown that 0.4mm steel (or
thicker) liner sheets attached at a maximum of
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500mm centres using 5.5mm diameter fasteners
generally provide sufficient restraint to light gauge
purlins. Some 0.7mm thick aluminium liner profiles of
certain alloy grades can give lateral restraint and the
manufacturers’ guidance should be sought.

Perforated liner sheets used in acoustic absorption
constructions may not be strong enough to provide
sufficient restraint, depending on metal thickness,
profile and the perforation pattern. Each case should
be considered carefully.

It is the responsibility of the cladding contractor
to ensure that the correct fastener system is
used as recommended by the cladding or
fastener manufacturer.

Durability

9.1 Introduction

Durability is the ability of a building and its parts
to perform its required function over a period

of time (see BS7543). Virtually all materials will
change physically when subjected to UV
radiation, moisture and atmospheric pollution,
and this will affect their performance. The
designer must therefore ensure not only that the
materials and details used are suitable initially
but also that they will have a satisfactorydife,
given the necessary maintenance.

9.2 Materials

The materials selected for the roof,can,have a
significant effect on its dufabilityfand‘the amount
of maintenance that will be necessary during its
life. The components which ate exposed to the
weather are particularly important:

The type of sheeting materialf)coating and colour
must all be“¢onsidered. [The performance might
alse depend onthe'shape and orientation of the
building and theenvironment. Generally, light
coloured coatings are preferable because they
do not'absarb as much sunlight as dark colours,
andthey are therefore cooler. This means they
tend to have the best life and they optimise the
thermal performance of the roof.

The table in Fig 21 gives an indication of the life of
some coated sheets on a typical 5° roof slope, in
an inland, non-polluted environment. The life-in-
years shown concern the appearance

and the condition of the coating and it can be
extended by repainting. The data has been
taken from manufacturers’ literature and is for
general guidance only.

Material Coating Life-in-years
Steel Plastisol - light 23
Plastisol - dark 10
Pvf2 15
Multicoat 20
Aluminium Pvf2 20
ARS 15

Fig 21: Expected life of sheets with
various coatings



Note that failure to repaint aluminium will not
significantly affect the ultimate life of the material.

More detailed information can be obtained from
the individual manufacturers.

Rooflights are also subject to gradual deterioration,
which will cause fading and embrittlement. PVC

is particularly susceptible. These changes can be
minimised by careful attention to detail and regular
cleaning and discussion should take place with the
manufacturer regarding life span. Replacement may
be anticipated during the life of the building.

Both plated carbon steel and stainless steel
fasteners are available. In most situations involving
coated steel cladding, plated steel fasteners provide
acceptable performance as long as their heads are
protected from the weather. Integral plastic heads
are more reliable than push on

caps and are preferable. Stainless steel
fasteners can be used for improved durability
and must be used when fixing aluminium
sheets, to prevent bi-metallic corrosion.

The durability of sealants and fillers is also an

important issue, for the long term perférmance of the

building. Various grades of these materials,are
available, and some are more durable than others.
They should be specified cdrefully to ensure their
performance will be consistent with'the other
components in the roof;las most arebuiltiinto the
construction and.are very difficultite replace.

9.3 Design details

The materials‘ehosen forithe roof must be
assémbled correctly imorder to achieve the
maximum durability; Avoiding water and dirt
traps by ensuring satisfactory slopes and end
laps are particularly important. For maximum
durability, all exposed cut edges of steel outer
sheets and flashings should be painted
immediately after installation.

The life expectancy of materials inside the
construction such as spacers, insulation, fasteners,
sealants and the reverse side of cladding and liner
sheets must also be considered. Provided the
building does not have an internal environment

with high humidity, and the roof cladding has
been constructed correctly with an effective
vapour control layer and ventilation (where
appropriate), the standard materials and coatings
will be satisfactory.

9.4 Maintenance

The coating life shown above, and therefore the
durability of the roof, is always dependent on
regular maintenance. This will involvejinspection,
removal of debris, cleaning and repair, of any
damage found. Gutters are likely to require the
most frequent attention because ‘debris tends to
collect in them and can‘restrict their capacity,
whilst increasing/the petential for‘corrosion.
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Sustainability

10.1 Sustainable construction
Construction and the built environment are
fundamental to the health and well being of society,
consequently they have been particularly
highlighted as sectors where government and
legislators would like to achieve significant
improvements. Sustainable construction is about
achieving a viable balance between economic
competitiveness, social benefit and environmental
impact. In essence sustainable development has,as
its goal the following objectives:

* Maintaining high and stable levels™of
economic growth.

» Achieving social progress.

+ Effectively protecting the “environment
from adverse impact.

*  Seeking ayprudent use ofynatural resources (by
encouraging fecycling and reducing waste).

All of the above factars need to be addressed for
gonstruction to become sustainable. As one
driver for this, Building Regulations and
legislation are'requiring that the minimum
performance standards are improved, and
initiatives like Rethinking Construction are
working to drive change throughout the industry.

10.2 Life Cycle Assessment
There is increasing concern about the affect of
all buildings on the environment, in terms of:

* Long term global climate change because
of carbon based energy use.

»  Depletion of earth’s non-renewable resources.

* The immediate local impacts caused by,
for example, release of toxic chemicals
during construction.

To properly evaluate the environmental impact of
different design decisions a “cradle to grave”
assessment is needed where all of the processes
from material extraction, product manufacture,
installation, maintenance and finally removal

and disposal need to be accounted for. Such

assessments are usually referred to as Life Cycle
Assessments, and are typically time consuming and
onerous to undertake. They are not included directly
in Building Regulations at present and there are few
direct financial incentives to follow them. However,
increasing concern about climate change, the cost
benefits in terms of reduced energy consumption,
and the use of recycled materials and the risks of
companies being sued due to real or perceived
health problems affecting employees or the
occupants of neighbouring buildings are combining to
make these issues increasingly relevant to building
designers and owners.

A set of generic life cycle assessments for typical
UK constructions has been published in the
Green Guide to Specification produced by
BRE and Oxford Brookes University. This
document assesses each building type in
terms of its environmental impact on:

+ Climate change.

* Fossil fuel depletion.

* Ozone depletion.

* Human toxicity to air and water.

* Acid deposition (i.e. the emission of gasses
that contribute to acid rain).

» Ecotoxicity (that is, the emission of
substances, usually heavy metals, that impact
on neighbouring ecosystems).

+ Eutrophication (that is, the production of
nitrates and phosphates, which cause
excessive algal growth and consequent
oxygen depletion in water courses).

*  Summer smog.
*  Mineral extraction.

Each of these is awarded a grading from A (best) to
C (worst) and an overall grade is given to the
building type. Industrial metal buildings and roofs
achieve overall A ratings and score highly for most
of the above impacts. The high sustainability rating
of these products reflects the particular



advantage of using a comparatively low mass
roofing system with less material resource
input than other commercial systems.

Generally, metal cladding systems have relatively
good sustainability credentials as a result of

the opportunities for recycling. Although metal
sheeting systems would not be routinely reused at
the end of a roof systems life, the material itself
can be processed and recycled for other
applications. Similarly, the materials used for the
manufacture of the metallic components can
contain some recycled material. Both of these
factors reduce the environmental impact of metal
cladding systems, and the growing recycling
industry will help to continue to reduce this in future.

Correctly specified metal cladding and roofing
systems competently installed should have good
thermal performance and achieve a consistently
good air tightness standard. This will ensure that
the heat loss through the structure will be
consistent with that set by the designer, rather than
being reliant on the performance of site workers
which can often let masonry construction down.

10.31S0O 14001

Increasingly organisations are adopting 1SQ.14001
in their management procedutes whichéspecifiesthe
actual requirements for an environmental
management system.dt'applies to.those
environmental aspects which the organisation

has control ovérfand this extendsito the design,
procurement and maintenanceyof new buildings.
As a result, such arganisations are requiring that
the design team demanstrates and justifies the
pérformance of a proposed development, and
whereyappropriaté establish an Environmental
Plan to ensure that the impacts of the construction
process are’minimized. ISO 14001 is applicable to
any organisation that wishes to:

* implement, maintain and improve an
environmental management system;

« assure itself of its conformance with its own
stated environmental policy (those policy
commitments of course must be made);

* ensure compliance with environmental
laws and regulations;

+ seek certification of its environmental
management system by an external third
party organisation

Awareness of the issues in these documents
can help clients meet the increasingly complex
demands in a world where environmental
concerns are growing in importanee.
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Construction details and
accessories

11.1 Junction details

The typical details shown in this section
illustrate the general arrangement at various
junctions. In each case, the value and f value
associated with thermal bridging are shown.
(See section 4). Proprietary systems may have
particular requirements and the manufacturers’
recommendations should always be followed.

All other junctions and details for a particular
construction should be designed adopting
the same principles, ensuring continuity of
the weatherproofing, vapour/air control
layer, and thermal insulation.

11.1.1 Ridge

Provided that the insulation is continued ‘@ver the
ridge to provide continuous coverage, as shown
in Fig 22, this will be a minimal thermal bridge.
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Fig 22: Roof typically fmijn = 0.91 =0.01 W/mK

11.1.2 Eaves

The thermal bridge can be minimised by taking
the roof liner back to the wall liner, so that it does
not cross the wall insulation, and ensuring that
any void between the wall and roof insulation is
fully filled with insulation as shown in Fig 23.
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Fig 23: Eaves typically fmin =0.95 =0.01 W/mK

11.1.3 Verge

The thermal bridge can be minimised by taking
the roof liner back to the wall liner, so that it does
not cross the wall insulation, and ensuring that
any void between the wall and roof insulation is
fully filled with insulation as shown in Fig 24.
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Fig 24: Verge typically fmjn =0.95 =0.02 W/mK

11.1.4. Valley gutter

This detail can cause a very severe thermal
bridge if the metal outer layer of the gutter top
and roof liner cut across the gutter insulation.

Making the gutter liner more robust and replacing
part or all of the gutter outer with a lower conductivity
material such as plastic where it cuts across the
insulation will reduce the thermal bridge; if the roof
liner is stopped short as well so that the



insulation layer is continuous, the thermal
bridge can be largely eliminated (Fig 25)
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Fig 25: Valley gutter with thermal break across
the gutter insulation

Typically fmjn =0.95 =0.17 W/mK

11.2 Rooflights

Rooflights are used in many industrial and
commercial buildings. Typically a rooflight area of
approximately 10% of the total roof area is used.
Great care should be taken in their specification
and installation, and the manufacturer’s guidance
should always be followed. See also MCRMA
technical paper No 1 Recommended goad
practice for daylighting in metal clad baildings.

11.3 Roof drainage

The roof drainage system is amimportantaspect of
the overall roof design. This'is particularly the case
for parapet and valley gutters, which are inside the
building line and are effeetively partief the roof. Any
overflow or leakssinto the buildingwould be
unacceptable."Eavesgutters are outside the building
and theirgdesign isiesseritical.

Thefroof ‘drainage design is based on BS EN
12056-3:2000, Gravity drainage systems inside
buildings — roof drainage, layout and calculation.
The designyprocess and the correct selection of
materials can be complex and it is
recommended that the designer consults one of
the companies that specialises in the design and
manufacture of roof drainage systems.

11.4 Small penetrations

Small diameter penetrations such as flues

and other service pipes can be successfully
weatherproofed using proprietary or purpose-made

sleeving for use with profiled cladding. These
should always be positioned at the profile crown
as shown in Fig 26 to ensure they do not create
a dam across a trough. If this cannot be
achieved, an apron flashing should be fitted on
top of the profiled sheets upslope to the ridge to
prevent ponding behind the penetration, or a site
applied GRP flashing could be formed. (See
11.5). The manufacturers’ recommendations
should always be followed.

Fig 26: Typical neoprene rubber proprietary
pipe flashing

11.5 Large penetrations

Large penetrations such as fans, smoke vents
etc. often require additional structural support
between purlins. The penetrations should ideally
be placed at or close to the ridge where they
can be waterproofed more easily. If used
downslope, a special soaker sheet has to be
used to divert the flow of rainwater around the
sides of the penetrations. The accessory must
then be fixed and weathered to the upstand.

These soakers are customised to match the
weathersheet profile and the size of the

penetration. They are typically fabricated from
GRP, aluminium or painted galvanised steel.
Ideally they should be fitted during cladding when
normal end and side lapping details can be used.
Retrofitting is also possible but might involve using
cover sheets or apron flashings back to the ridge.
These can be unreliable, unsightly and expensive.
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Fig 27: Large penetration

Site applied GRP (or similar liquid applied system)
can provide a good solution for all sizes and shapes
of penetration. This must be carried out by specialist
sub contractors to ensure satisfactory adhesion to
the profiled weather sheeting. Contact MCRMA
members for further details.

Whenever a penetration is fitted to the roof it is
essential that the vapour control layer,
insulation and breather membrane (if fitted) are
correctly detailed and constructed.

11.6 Flashings

Flashings are normally manufactured in the'same
material and thickness as the cladding, at least
0.7mm for steel and 0.9mm for aluminium, Where
the leg length of a flashing exceeds,approximately:
200mm, it will be difficult tomaintain a flat
appearance and it is advisabletodintroduce a bend
or stiffener to straightemyand strengthendhe
material. See examples in‘section,11:1)

Exposed edgesyshould be stiffened using one
of the details'shown in Fig,28.

- - ) Lock roll

—? Welt

T, Stiffened edge

Fig 28

Most flashings used on roofs are ‘open’ and can be
lapped, typically including stitching fasteners at a
maximum spacing of 100mm, and sealant on the
weatherside of the fasteners. ‘Closed’ sections, such
as some eaves gutters, use butt straps behind the
joint. These should be at least 150mm long. For
detailed guidance see MCRMA technical paper No.
11 Flashings for metal roof and wall cladding: design
detailing and installation guide.

Further typical details are available on the
MCRMA web site at www.mcrma.co.uk



Site work

12.1 General

Metal roof cladding should be fully detailed on
cladding drawings for each individual building.
The drawings should include all the necessary
dimensions, components, fasteners, seals etc. to
enable the sheeters to install the cladding in
accordance with the designer’s requirements, in
order to achieve the specified performance.
Responsible supervision and regular inspéection
is essential to ensure structural <dntegrity,
satisfactory performance, acceptable
appearance and quality in general

Deviations in steel frame construction,, rafters
and purlins etc. can often'be greatenthanthoese
acceptable for the cladding material, especially
at critical bearing jpositions such as end laps, or
at junctions.

The steel framework should be surveyed prior to
handover to,theyroofingcontractor. Any
deviationsyin line, level’and plumb must be
acknowledged by all parties and the necessary
adjustments‘made to suit the cladding
requirements, before starting the installation.

12.2 Transport, handling and storage
Loading and off-loading packs by crane or fork-lift
should be carried out with care to avoid damage
to the outermost sheets or panels in the pack.
Never off-load with chains, use only wide soft
slings for lifting. Use lifting beams, if
recommended by the manufacturer

Stacks should be carefully positioned and stored
on site to prevent damage or deterioration.
Particular attention should be paid to the
following points:

* Positon away from vehicle and
pedestrian routes

» Site on bearers on firm flat ground

» Cover and ventilate

» Ensure labelling is intact

Some sheets and panels are supplied with a
protective plastic film on the weatherface to help
prevent minor damage to the coating. This must
be removed as soon as possible after the
cladding has been installed because if it is left in
place for long periods the film will become very
difficult to remove. Individual manufacturers’
instructions should always be followed.
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Fig 29: Slings used for lifting

Fig 30: Storage of materials

12.3 Site cutting

Site cutting is generally avoided by the use of
sheets cut to length in the factory. However,
where site cutting is unavoidable nibblers and
reciprocating saws (jig saws) should be used.
Abrasive wheel cutters must not be used because
they generate heat and will damage the coating.
For optimum durability site cut edges, eaves and
end laps of steel sheets should be painted.

12.4 Health and safety

As in all building work, good safety standards are
essential to prevent accidents. In accordance with
the Health and Safety at Work Act and the
Construction (Design and Management) or CDM
Regulations, the building should now be designed
with safety in mind, not only for the construction
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period itself but also throughout the normal life of
the building. This must include considering the
safety of people involved in maintenance, repair
and even demolition. It might mean providing
permanent access to the roof via a fixed ladder
and hatch, walkways and parapets, for example.

Construction of the roof is one of the most hazardous
operations because of the potential for falls or
material dropping onto people below. The contractors
must plan and document a safe system of work
before starting construction. This would take the
fragility of the cladding materials into account, but
initially, safety nets are normally used. Whilst fully
fixed metal roof sheeting is regarded as non fragile,
rooflights and profiled metal liners must be treated
with more care. (See section 8.1)

In addition to the basic safe system of working
the following specific precautions should be
taken when using metal cladding:

» Take care when handling sheets to avoid
cuts from the edges of the sheets. Wear
gloves to protect hands.

« Take normal precautions when lifting heavy
awkward objects to avoid lifting injuries,
in accordance with the Manual
Handling Operations Regulations.

*  When cutting wear goggles and dustimasks.

The strength and visibility ofsseme rooflights can
deteriorate during the normal lifeof a building
and present a hazard{o maintenanceyworkers,
particularly if they,have not been trained. The
rooflights are usually fixed with fasteners with
red plastic heads,te Highlightstheir positions.

This sort of information must now be detailed in a
safety file prepared by the planning supervisor
(using information provided by the designer) and
passed on to the client at handover.

If in doubt about safety issues, guidance can be
obtained from the construction section of the
local Health and Safety Executive.

Inspection and
maintenance

Metal roof cladding is designed and manufactured
to give many years of reliable service, but to
achieve this, a regular inspection and
maintenance programme is required.

Roof cladding and gutters should be inspected
at regular intervals and any deposits such as
leaves, soil or litter must be removed. Any areas
of corrosion or damage should be repaired in
accordance with the manufacturer’s
maintenance manual.

Roof traffic should be kept to a minimum<“and
must be restricted to authorised trainéd,persennel
only, using appropriate safety measures.
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