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MODERN CONSTRUCTION SERIES

The series is based around the Modern Construction Hand-
book. Topics from the Walls and Roofs chapters from the MCH
are developed to provide more comprehensive information.
Books in the series discuss material systems based on the prima-
ry material used. The series currently comprises Modern Con-
struction Facades, Modern Construction Roofs and Modern

Construction Envelopes.

AIMS OFTHIS BOOK

Modern Construction Envelopes combines the earlier Mod-
ern Construction Facades and Modern Construction Roofs into a
single book with updated illustrations and more exploded views
of material systems. This is a textbook for students of architecture,
as well as students of structural and environmental engineering
who wish to broaden their study beyond the information provid-
ed in the Walls and Roofs chapters of the Modern Construction
Handbook. It shows the principles of the main facade types used
today and illustrates this through typical generic details. The six
chapters examine envelopes from the standpoint of the primary
material used in their construction, from metal to glass, concrete,
masonry, plastics and timber: Each set of five double page spreads
explains a specific form of construction which is accompanied by
drawn and annotated details. The techniques described can be

applied internationally.

METAL WALLS
Chapter |

The Metals chapter explores the use of sheet metal from a
material fully supported on a substrate to its use as a self-sup-
porting material in the form of profiled decking and composite
panels. The use of profiled decking in thicknesses normally used
for shipping containers, rather than buildings, has led to the intro-
duction of semi-monocoque construction with this material.
Some composite panel systems are being manufactured without
an outer facing of metal sheet to allow a separate waterproofing

layer to be added.

GLASSWALLS.

The Glass chapter investigates the range from framed systems

to point fixed glazing. Windows and shop fronts are discussed as
separate systems which can be used as full glazing systems in their

own right.
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The Concrete chapter compares in-situ (cast-in-place) con-

crete, and its use of formwork on site, with precast concrete and
its use of moulds in a factory away from the site. In the use of
either technique, the constraints of the panel sizes imposed by cast-

ing methods influence the use of the material.

In the Masonry chapter the construction methodology is clas-
sified by wall construction: loadbearing, cavity wall or cladding
attached to a backing wall. Within each construction method, the
use of materials is very similar from brick to stone and concrete
block. The differences in the specific use of a particular material are

shown in the detalils.

The Plastics chapter explores the range of plastics from cellu-

lar materials, such as polycarbonate, to composite materials such
as GRP, which is a combination of a woven fibrous material and a
polymer matrix. Newer composite materials combine the econo-
my of plastic with the durability and stiffness of metal in composite
sheet materials. The recent re-introduction of plastics into main-
stream construction has been possible due to the improved quali-
ty and colour durability of these materials. An advantage of plastics
in wall construction is that they can provide translucency, rather
than the transparency associated with glass, combined with high

levels of thermal insulation.

The Timber chapter shows both recent developments in tim-

ber walls and developments in traditional techniques.The low lev-
els of embodied energy in this material, particularly in locally
grown timber, have helped the revival in the use of this material.
Traditionally shunned for large-scale applications due to its poor
fire resistance, particularly in Europe, the use of timber is now bet-
ter understood to reduce the spread of fire. Timber types are also

discussed as their selection has considerable environmental impact.



METAL ROOFS
Chapter 7

The Metals chapter discusses the use of metal sheet in roofs
both as a substrate and as a watertight covering.When used as a
substrate, in the form of profiled metal decking or composite pan-
els, a waterproof membrane can be formed in different materials.
Used as a covering material, metal sheet can be employed in
standing seams, profiled sheet and rainscreens. Solar shading devic-

es formed from metal are also discussed.

ajpt r“8

The Glass chapter sets out the use of the material as both

rooflights and as large glass roofs. Stick framed rooflights and
glazing systems are related to those used for walls, but are usual-
ly fixed with pressure plates on the two sides parallel with the
line of slope. Bolt fixed glazing systems for rooflights and roofs
follow principles used in wall construction. Bonded glass decks
and rooflights are a development of glass block details, which are
also discussed. Finally in this chapter, glazed canopies are dis-
cussed, focusing on those that use point fixings with a minimum

of support structure.

CORCRENE ROOES
Chapter 9

Roof decks constructed in concrete are covered with a variety
of waterproof membranes and finishes.VWhen the membrane is
applied directly to the concrete, thermal insulation and finishes,
such as planting, paving slabs or timber decking, are applied. Con-
struction can also be finished with another roofing system, such as
metal standing seams, or rainscreens in other materials. All these

types are discussed in this chapter.

Timber roofs are a traditional form of construction that use

mainly tiles, slates and shingles in housing projects. In recent years,
the increased use of metal sheet on timber roofs has led to an
increase in more complex geometries that do not need to follow
the principles of those traditional lapped roofing materials. Flat
timber roofs, thin planting and metal sheet, in addition to the more

traditional single membrane finishes, are set out here.

Polycarbonate panels have the advantage of providing well

insulated translucent panels that are more economic than those in
glass. They are much lighter than glass, allowing more visually deli-
cate support structures to be used for these panels. Glass rein-
forced polyester (GRP) can produce opaque roof forms that are
free of joints, forming continuous roof structures such as shells and
domes composed of a monolithic, lightweight material with a
watertight finish on its outside face. All these types are explained

in this chapter.

The Fabric chapter discusses tensile roof structures, air sup-
ported types and smaller scale canopies. PTFE membranes can be
stretched over supporting structures, typically stainless steel cables
with tubular steel supports. PTFE sheet is also used to form inflat-
ed 'air pillows' that are supported on an aluminium frame. Their
advantage of high thermal insulation and lightness in weight is mak-

ing them an increasingly preferred option for roof structures.

QUALIFYING COMMENTS

The building techniques discussed and the built examples
shown are designed to last for an extended period with a rela-
tively high performance. Consequently, buildings for exhibitions
and for temporary use are excluded. In addressing an internation-
al readership, references to national legislation, building regulations,
codes of practice and national standards have specifically not been
included. This book explains the principles of accepted building
techniques currently in use. Building codes throughout the world
are undergoing increased harmonisation because of increased
economic and intellectual globalisation. Building components and
assemblies from many different countries are often used in a sin-
gle building. Since building codes are written to protect users of
buildings by providing for their health and safety, good construc-
tion practice will always uphold these codes as well as assist their
advancement. The components, assemblies and details shown in
this book describe many of the building techniques used by the
building industry today, but this book does not necessarily
endorse or justify their use since techniques in building are in a
continual state of change and development. All details shown aim
to demonstrate continuity in thermal insulation and waterproof-
ing, together with two defences against rainwater penetration.
Where specific items are not clearly present on drawings, these

principles should still be followed.

MCE_7



Panelisation for manufacture, using 3-D parametric software.
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Fixing detail for panels using a minimum set of cast and extruded components.

While the building envelope systems
described in this book are mostly described
through rectilinear building forms, they can
equally be applied to complex geometries
and associated mass customisation tech-
niques described in the introduction essays in
the second edition of the Modern Construc-
tion Handbook.

An example is described here where the
author; a director of Newtecnic, facade
designers based in London, worked with the
United Arab Emirates’ based contractor, Ara-
bian Profiles (APL) on an external envelope

of complex geometry. The project was a cul-

tural centre in Azerbaijan, which involved the

Panelisation of geometry for manufacture.

manufacture of 16,000 cladding panels. These
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panels were either single curved or double
curved to provide a continuously curved sur-
face made from a combination of GRC (glass
reinforced concrete) and GRP (glass rein-
forced polymer) types. The GRC is used
mainly on surfaces that are walked upon in
the plaza spaces around the building, while
the GRP is used as roof cladding panels
which are lighter in weight and have a com-
parable colour and surface finish. Panels were
manufactured which followed the geometry
required by the architect without the need
for flat or facetted panels, while being eco-
nomic in the method of manufacture. This
outcome was achieved by translating the dig-

ital 3D model describing the geometry into



Panelisation of geometry for manufacture.

Panelisation of geometry for manufacture.

individual panels with data that could be
used in flexible moulding tables to fabricate
the panels using a method of mass customi-
sation. The moulding table was designed by
the manufacturer of the panels, APL, who
make envelope systems that focus on realis-
ing ambitious architectural designs using mass
production or mass customisation tech-
niques. The three dimensional form was
described by a grid of points linked by regu-
lar curves that create the single curved forms
with non-rectilinear edges. The flexible
moulding tables use digital input to create
visually complex forms without the need for
hand-made components with their associat-

ed fabrication tolerances.

The use of a flexible moulding table
allows complex panel shapes formed in single
curved geometry to be manufactured quickly
and economically to a high standard. Digitally
controlled devices are used to adjust the
shape of the panel with data provided by the
3D model. Information for edge returns for
the panels, used to stiffen panels at their
edges, was provided by ‘developed’, or
unrolled, shapes offset from the curved
shapes in the 3D model generated by the
architect. This avoidance of purely hand craft-
ed techniques ensures that the manufacture
of systems for complex buildings can be

applied to large-scale building envelopes.

Method of identifying panels for manufacture and installation

MCE_9
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This project, designed by Newtecnic, for new
facades of an existing airport building show
how two quite different approaches can be
taken where the external envelope is used
to re-model an existing building without the
need for demolishing the primary structure.
This approach ensures that existing buildings
can be re-used, often with quite different
functions within the building.

The design on the left hand page is gen-
erated around the use of a cladding system
based on the hexagonal shape of the plan of
the existing primary structure, a panel
geometry which lends itself in the plane of
the roof. The hexagonal panel shape is also
used for the facades, spanning from floor to
floor. A covered atrium space is created
from the central courtyard, with the inter-

face of the roof and wall folding down to

create a single set of ‘shards’' to create a
combined structure and envelope solution.
The facade geometry is composed of a uni-
tised system of glazing, insulated panels, and
integrated shading devices. This approach
allows the straightforward removal of exist-
ing rectangular precast concrete cladding,
with the new facade panels being lifted into
position and fixed simply to the existing pri-
mary structure. This solution ensured that
both facade and roof used a secondary steel
support system that did not require changes
to the existing primary structure.

The design on the right hand page is
based on a CFD (computational fluid dynam-
ics) study of the high-wind environment of
the site. The roofscape was digitally generat-
ed by draping the existing building form and
applying the prevailing wind condition to the



resulting surface. The flowing form, striated
texture and longitudinal glazing strips follow
the aerodynamic requirements of visual fluidi-
ty and air flow, ensuring that the external
envelope allowed wind from the prevailing
direction to slip across its surface, away from
people entering the building from the adja-
cent car parking area.

The external envelope consists of a dou-
ble-skinned rainscreen system and glazed
facade connected by steel trusses. While the
glazing is seen to visually ‘cling’ to the existing
building structure, the other visually ‘billows,
revealing the steel trusses that hold the
external envelope in place. The glazed roof
system is used to visually cut through the
roof to define new spaces within the existing
building structure as well as drawing light into

the internal spaces. The opaque roof panels

are made from GRP (glass reinforced poly-
mer) as used in the digital fabrication exam-
ple in Azerbaijan, in the previous page spread.
The design uses a lightweight rainscreen
roof assembly enveloping the existing building
structure. This system allows for the realisa-
tion of curved geometries as the result of a
combination of supporting structure for
facade and roof, creating a smooth, continu-
ous form.The rainscreen is backed by an
economic structural deck, with incorporated
closed cell thermal insulation and water
proofing membrane; a construction method

which provides a visual continuity to the

form of the external envelope, in contrast ;
with the panel component-based solution of v : |
the hexagonal panel design. -
Panel connections for the hexagonal based option
on previous page.

MCE_II






Metal Walls O
Sheet metal

3-D cut-away view of typical folded metal sheet
cladding construction. Type 2

Sheet metal is used for the rich surface tex-
tures that can be achieved with relatively soft
materials applied to a continuous supporting
substrate. This method does not provide the
sharp lines and flat surfaces associated with
rainscreen panels or composite panel con-
struction. The most common metals used are
copper, lead, zinc. More recently, stainless
steel has come into use, but primarily as a
roofing material. Copper sheet is a ductile
material, but not as malleable as lead. Its char-
acteristic green patina when fully weathered
gives a consistent appearance. Lead sheet is
extremely durable, and its softness allows it
to be formed over complex geometries and
panels with a high amount of surface relief.
Zinc is durable, though more brittle than
copper but is susceptible to corrosion from
its underside if not ventilated. Stainless steel
is a very durable material, but it still has an
uneven surface when laid that provides a
richness of reflection. The main disadvantage
of working in stainless steel is its hardness,
making it difficult to work when forming folds
in jointing.

MCE_ 14

3-D view of window inserted into
folded metal facade. Type 2

Fixing methods
There are three fixing methods for continu-
ously supported sheet metal walls: continu-
ous sheet, lapped tiles and recessed joints.
Continuous sheets are laid in varying
widths with standing seams in vertical joints
that run continuously from top to bottom of
a wall. This gives the facade a characteristic
striped appearance with strong shadows
across the standing seam joints in sunlight.
The sheet metal is fixed on the horizontal
joints with flattened seams that allow rainwa-
ter to drain off easily. Horizontal joints are at
distances to suit the visual appearance of the
design but 12.0 metres (39ft 4in) to 17.0
metres (55t 9in) is the maximum depending
on the metal used.Vertical joints align with
the edges of windows and door openings.
Horizontal joints are usually staggered to
form a pattern rather than try to achieve a
continuous straight line which is difficult to
keep completely straight and horizontal. This
is because horizontal joints are broken
between each vertical seam.

Lapped tiles are made approximately

Vertical section & elevation 1:50. Sheet metal cladding with
vertical joints

450mm to 600mm (18inx24in) square and
are set in either horizontal and vertical edges
or at a 45° angle. Other angles can be used
but are harder to co-ordinate with the edges
of corners and openings. Window and door
openings are usually enclosed in a metal strip
around the reveal of the opening, with a
shadow gap or projecting corner detail. Tiles
are not folded into openings due to the
complexity of jointing and the difficulty of
getting them to fold neatly at half way across
the panels. Shadows across the surface of a
tiled wall have small strong lines which give a
very textured appearance to the facade.Tiles
are lapped on four sides to give a continuous
watertight joint on all edges.

Recessed joints are formed in sheet
metal laid over a specially formed substrate
to produce recessed lines, which are usually
horizontal. The material is occasionally
recessed on four sides and set on a plywood
background with projecting panels formed by
the plywood. However; this technique is sel-
dom used any more due to the increased

use of metal rainscreen panels with their



3-D views of folded metal sheet with
@ angled seam lines

Details

. Folded metal sheet

Fixing battens

Standing seam joints
Window frame
Waterproof membrane, typically
bitumen based paint

6. Internal finish

7. Metal clips fixed at centres
8

9
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Horizontal section 1:10. Folded metal sheet
connection to aluminium curtain wall type window

Timber window cill
Substrate in plywood or timber
board

10. Folded metal coping

I'l. Thermal insulation

12, Backing wall - timber/metal frame
with plywood facing

I3, Vapour barrier

4. Ventilated metal drip

Structural concrete wall

3-D view of aluminium window in folded metal cladding system

Vertical section |
detall
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Vertical section |:10. Folded metal sheet connection
to aluminium curtain wall type window head

Vertical section |:10. Folded metal sheet connection
to aluminium curtain wall type window cill

i

Vertical section |:10. Ground level cill
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Metal Walls O
Sheet metal

Horizontal section 1:10. Internal corner junction
with wall

Horizontal section 1:10. Internal corner connection
with folded metal sheet

advantage of flatness of panel and close fixing
tolerances, providing crisp lines at joints
which are more difficult to achieve in a sheet
metal continuously supported on a profiled
background. However; this technique may
find favour again due to its rich surface tex-
ture. Drips are incorporated at horizontal
recessed joints to avoid staining occurring as
a result of dirt being washed off the flat sur-

faces of these joints.

Openings

Where vertical jointed sheet metal is used,
window and door openings are usually posi-
tioned so that a joint falls on the edge of an
opening. This gives a clean, co-ordinated
appearance to the facade, but openings that
are set deliberately 'off grid' from the vertical
joints also look visually dramatic. A recent
development has been to use sheet metal
with vertical joints inclined at angles up to
45° from the vertical so that they contrast
with rectilinear window openings, giving the
sheet metal the appearance of a continuous

'non-gridded' texture across a complete

MCE_ 16

Horizontal section 1:10. External corner formed
from folded metal sheet

Horizontal section 1:10. External corner with seam
connection

facade. For all orientations of sheet metal,
window and door openings have separate
metal sheets forming reveals on all sides.
Although this can result in some awkward
pieces of metal to form junctions around
windows, in practice they are practical and
economic to form on site due to the site-
based nature of fixing metal sheet. Sheet
metal cladding is ideally suited to the com-
plex junctions associated with non-rectiline-
ar geometries. Attempts to make the mate-
rial appear too regular can produce disap-
pointing results, particularly where a pure
rectilinear grid is attempted. In this instance,
metal rainscreen panels would probably be
more suitable.

Windows and doors are glazed with
almost any available technique, but the ever-
increasing use of double glazed units both to
conserve energy and avoid condensation on
the window or door surface has led to ther-
mally broken sections being used very com-
monly. Window frames are often clad in the
same sheet metal as used in the adjacent

facade, but this is expensive since the metal

Horizontal section 1:10. Simple seam details at
corners

Details

Folded metal sheet

Fixing battens

Standing seam joints

Window frame

Waterproof membrane, typically

bitumen based paint

Internal finish

Metal clips fixed at centres

Timber window cill

Substrate in plywood or timber

board

10.  Folded metal coping

I'l. Thermal insulation

12, Backing wall - timber/metal frame
with plywood facing

I3. Vapour barrier

I4.  Ventilated metal drip

I5. Structural concrete wall

UhAhwN —

N0 O NN

cladding will always be a decorative finish to
a window that is designed for use without
such a finish. The usual alternative is to use
either a polyester powder coated or PVDF
paint finish on aluminium to match the col-
our of the adjacent metal, or use a different
material such as timber windows. A paint fin-
ish is obviously much easier to match if the
sheet metal finish is pre-patinated (pre-
weathered) so that its final colour will be
very similar to the colour of the metal when
installed. This is much more difficult in
unweathered metals. The use of galvanised
steel windows and doors with zinc is not so
common due to the increased performance
of paint coatings. However; galvanised finishes
are ever-increasing in their durability and may
eventually be used as a durable finish for
window frames.

Buildings clad partly in sheet metal are
beginning to use large-scale glazed openings
using a completely different system such as
bolt fixed glazing. Whereas these two systems
previously seemed incompatible, with sheet

metal as an economic system and bolt fixed



Vertical section |:10. Parapet detail in folded metal
sheet with projecting joints
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Vertical section |:10. Timber window cill detail in
folded metal sheet with projecting joints
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Vertical section |:10. Ground level cill detalil in
folded metal sheet with projecting joints

3-D view of folded metal sheet cladding with projecting joints. Type |

Horizontal section |:10. External corner with seam
connection

Horizontal section 1:10. External corner with seam
connection
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Metal Walls O
Sheet metal

3-D view of folded metal sheet with recessed seams. Type |
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Folded metal sheet

Fixing battens

Standing seam joints

Window frame

Waterproof membrane, typically
bitumen based paint

Internal finish

Metal clips fixed at centres
Timber window cill

Substrate in plywood or timber
board

Folded metal coping

Thermal insulation

Backing wall - timber/metal frame
with plywood facing

Vapour barrier

Ventilated metal drip

Structural concrete wall

glazing as an expensive system, the two are
now used together increasingly where a
deliberate contrast of surface texture is
sought. While bolt fixed glazing has a smooth,
continuous surface uninterrupted by visible
framing, sheet metal has joints in a direction
at 400mm (1t 4in) to 600mm (2ft) centres,

with a comparatively uneven surface finish.

Substrates and supporting walls
Sheet metals can be laid directly onto a sub-
strate, typically plywood, with the exception
of zinc, which needs ventilation on its interior
face to avoid corrosion. Plywood is preferred
for its durability, since if it becomes wet
before a repair can be undertaken, the mate-
rial can dry out without being damaged.
Other materials such as particle boards are

not resistant to moisture penetration and so

Vertical section |:10. Aluminium window head detalil
in folded metal sheet with recessed joints
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Vertical section |:10. Aluminium curtain wall type
window cill detail in folded metal sheet with
recessed joints

are not used. Timber boards are used but are
usually more expensive, as is profiled metal
sheet.Where timber framing is used for the
wall construction, the timber substrate forms
an integral part of the external wall, provid-
ing diaphragm stiffness in the frame. Profiled
metal sheet is increasingly used as a sub-
strate for zinc, since zinc is more rigid than
other metals such as copper or lead. Profiled
metal sheet can span the gap between the
peaks of the cladding, while providing a venti-
lated zone behind to avoid corrosion of the
zinc. The addition of a ventilation mat pro-
vides a full gap between the zinc and the
profiled metal.

Sheet metal is increasingly fixed to walls
constructed in a wide range of materials: tim-
ber frames, precast concrete, concrete block

and lightweight steel frames made in cold



Vertical section 1:10. Parapet detall in folded metal
sheet with recessed joints

Horizontal section 1:10. Panel to panel junction with

recessed joint

Horizontal section 1:10. External corner detail in
folded metal sheet with recessed joints

Horizontal section 1:10. Junction between timber
window and folded metal sheets with recessed
junctions

Horizontal section 1:10. Junction between curtain wall type window and folded metal sheets with recessed

junctions

formed sections.

InType |, timber frames use sheet metal
as a cladding in a fairly traditional form of
construction, or as infill panels to a timber,
concrete or steel frame.The overall cross
section of the wall remains thin due to the
inclusion of thermal insulation within the
frame rather than on an outside face. A
vapour barrier is needed on the warm-in-
winter side (in a temperate climate) to avoid
vapour reaching the insulation from inside.
The vapour barrier is needed in the same
place in Type 3, where pressed steel, or 'light
gauge' steel sections are used. The all-metal
construction of Type 3 is undergoing refine-
ment for use in housing, where almost all its
components can be either recycled or
unbolted and modified with the same kit of

parts during its lifetime. Its flatness of appear-

ance combined with small-scale standing
seam joints make it ideal for a sealed metal
cladding where profiled metal sheet or com-
posite panels have too 'industrial' an appear-
ance. In Type 2, thermal insulation is set on
the outside of the concrete structure in
order to use its thermal mass as well as to
keep the structure at as even a temperature
as possible. The metal cladding is then set for-
ward of the insulation. A new development is
the use of profiled metal cladding as a sub-
strate in Type 4. Where zinc is used the void
formed by the profiled sheet provides a ven-
tilation zone without the use of timber A
plastic-based drainage mat is set between the
zinc and the profiled sheet to complete the

ventilation.

Vertical section |:10.Timber window head detail in
folded metal sheet with recessed joints

.(_-). L -..

Vertical section |:10.Timber window cill detail in
folded metal sheet with recessed joints

Vertical section 1:10. Ground level cill detail in
folded metal sheet with recessed joints
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Metal Walls O
Sheet metal

Vertical section 1:10. Parapet detail with
interlocking folded metal sheets

Vertical section 1:10.Typical wall build-up with
interlocking folded metal panels

Corners, parapets and cills

Sheet metal can be joined at corners in
facades with either recessed or projecting
coverstrips. The covers need a timber or ply-
wood support under them to provide rigidity.
Corners for vertically set metal sheet can also
be formed by setting standing seam joints at
the corner, or close to the corner on either
side of the edge. With tiled sheets, corners
usually wrap around, ignoring the corner like
a continuous pattern folded around the cor
ner. Alternatively, corners can have coverstrips
that break the pattern from one facade to
another. There is an increased use of pressed
metal clips and rails, as used in profiled metal
cladding, to support sheet metal substrates,
typically plywood. Clips and rails are made as
proprietary systems which can be fixed to the

backing wall quickly and easily adjusted to
MCE_ 20
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Vertical section 1:10. Recessed aluminium
window in interlocking folded metal facade

correct vertical or inclined alignment.

An advantage of sheet metal is that para-
pet copings and cill drips at the base of walls
at windows can be formed in the same mate-
rial with an identical finish. This is unlike many
other metal cladding systems, where extruded
aluminium or pressed steel or aluminium are
most commonly used for parapets and cills.
The ability to form metal on site in junctions
of sheet metal walls with parapet copings is
used either to form a recessed joint, which
allows the standing seam joint in the cladding
to be tapered down to the line of the coping,
or a projecting parapet coping which allows
the standing seam to butt up to the under-
side of the coping. With either solution, an
undercloak flashing or waterproof layer is
needed underneath the coping to provide

additional waterproofing.

Vertical section 1:10. Ground level cill detail with
interlocking folded metal panels. Type 3

Details

Folded metal sheet

Fixing battens

Standing seam joints

Window frame

Waterproof membrane, typically bitumen

based paint

Internal finish

Metal clips fixed at centres

Timber window cill

9. Substrate in plywood or timber board

10.  Folded metal coping

I'l. Thermal insulation

12, Backing wall - timber/metal frame with
plywood facing

13. Vapour barrier

I4.  Ventilated metal drip

I5. Structural concrete wall

AN —

@© N o

Cills are formed in a similar way, but with
projecting or flush drips to throw water clear
of the base of the cladding. Where unweath-
ered metal is used, care should be taken that
rainwater runoff from oxidising metal does
not stain paved surfaces at the base of the
wall. Slot drains or gravel edges can be used
both to provide drainage and avoid visible
staining. Drips are often reinforced with a
steel or aluminium angle to create a strong,
straight edge. Compatibility between the clad-
ding material and support material must be
ensured to avoid bimetallic corrosion.Where
the void behind metal cladding is used for
ventilation, parapets and cills are used to
introduce fresh air: Insect mesh is introduced
within the joint, but its presence does not

alter air flow rates significantly.



Horizontal section 1:10. Interlocking metal panels.
External corner with metal fold

3-D wview of folded rmetal sheet
with recessed seams.
Type 4

Horizontal section 1:10. Interlocking metal panels.
Internal corner with joint

3-D view of folded metal

sheet with recessed seams.
Tuma 4

Horizontal section 1:10. Interlocking metal panels.
External corner with joint

— e _.._®.;

Horizontal section |:10. Interlocking metal panels.
Window junction

3-D view of folded metal sheet with recessed seams
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Metal Wajls O
Sheet metal

Details

|. Foided metal sheet

2. Fixing batiens

3. Standing seam jonts

4. Window frame

SwWaterproof membrane, tymcally
bitumen based paint

6. Internal finish

7. Metal clips fixed at centres

8.Timber window cill

2. Substrate in phywoad or timber board
10 Folded rmetal coping

[ 1. Thermal insulation

| 2. Backing wall - timber/metal frame
with plywood facing

I 3. Vapour barrier

| 4. Ventilzted metal drip

3D exploded view of horizontally set folded metal sheet facade with angled seamn lines e

3-D exploded view of Forizontally setfolded metal sheet facade with angled seam lines
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3-D exploded view of corner condition in tiled 3-D exploded view of folded metal sheet with 3-D exploded view of folded metal sheet with
metal rainscreen system horizontal recessed seams vertical recessed seams

3-D exploded view of corner condition in tiled 3-D view of folded metal sheet with recessed seams 3-D view of folded metal sheet with recessed
metal rainscreen system seams

3-D exploded view of construction of horizontally set folded metal sheet 3-D exploded view of window opening in horizontally set folded metal
facade with angled seam lines sheet facade with vertical seam lines
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Metal Walls 02
Profiled metal cladcl'ing_

3-D view of horizontally set profiled metal sheet

An advantage of profiled metal cladding is
that it can be easily integrated with a similar
system used for cladding the roof. Also, small
areas of roof can be easily accommodated as
steps within the facade with simple junctions
between vertical and shallow pitch roofs. At
the junction with the top of the roof an
undercloak flashing is used to ensure water
running off the wall is sent on down the roof
and not into the joint at the base. At the bot-
tom of the roof, either an exposed gutter or
a concealed parapet gutter is used to collect
the rainwater:Very small areas of roof can be
drained without a gutter by projecting the
roof beyond the cladding, allowing the rain-
water to be thrown clear of the cladding and
avoiding staining of the wall below. The effect
of throwing water clear of the building needs
to be integrated within the overall design.
Profiled metal cladding is most commonly
used in large single storey buildings such as
factories or warehouses where it spans verti-
cally from ground to roof without the need
for additional support. This makes it a very
economical solution for enclosing these

building types. Although profiled metal clad-
MCE_ 24

ding is used mainly for industrial buildings in
conjunction with a portal frame in either
steel or concrete, it provides an economic
cladding system for larger framed structures.

The material can be set either vertically
or horizontally to suit the design.

Horizontally-set cladding is used where
its strong horizontal lines are used for linear
emphasis. Like vertically-set cladding, the pro-
filed sheet is supported at 3.0 to 5.0 metre
(10ft to l6ft 6in) centres by posts or struc-
tural columns. This direction allows the mate-
rial to enclose a building with a curved sec-
tion. A useful aspect of profiled metal sheet-
ing is its ability to be curved in one direction.
This makes it an ideal cladding material for
buildings with a curved vertical section. Slight
irregularities in the surface finish or setting
out of the curve are concealed by the profile
itself. Polished stainless steel has been used
for horizontally-set cladding in public build-
ings where its high cost is balanced by longer
durability than coated aluminium or coated
mild steel types.

Vertically-set sheeting has horizontal clad-
ding rails at 3.0 metre to 5.0 metre (10ft to

3-D view of vertically set profiled metal sheet

| 6ft 6in) centres, depending on the floor
height. In buildings of more than one storey,
an inner lining to the wall is usually added
since the gap created between the cladding
and the floor slab is difficult to seal economi-
cally at floor level in a way that will allow
people to walk on it. The additional inner lin-
ing may extend up to 1.0 metres (3ft 3in)
above the finished floor level and may be
either a metal lining tray forming part of the
proprietary cladding system, or be a concrete
blockwork wall around 100mm (4in) thick. A
smoke seal or fire barrier may be required
between the floors enclosed by the cladding
but this is very much dependent upon its
particular application. Although horizontal
rails can be set at wide centres, additional
rails may be needed either to accommodate
windows and doors or to increase the stiff-
ness of the wall without using a much deeper

profile, which would also increase stiffness.

Junctions
When laid vertically, sheets are joined by lap-
ping them by around 150mm (6in) at vertical

joints. Horizontal joints are also lapped with
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Vertical section |:25.Vertically set profiled metal
cladding with gutter

Vertical section |:10. Roof junction at gable end
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o Details { |
( ) . Metal cover strip set b ﬂ@

2. Horizontally-set profiled sheet g 2

3. Vertically-set profiled sheet { b

4. Z section steel fixing rails é f

5. Thermal insulation ! :1

6. Backing wall, typically { |

timber/metal frame with ] b

| phywood facing and waterproof }_§
membrane, or concrete block 7{

7.  Vapour barrier g :,

8. Internal finish > |

9. Roof, typically profiled { 3

metal sheet ; ‘<

10.  Curved eaves profile @:;

I, Concealed gutter 1 1

12, Exposed gutter i ‘:
b |

| 1

13, Supporting structural frame
L 4. Structural slab

T

15, Window frame ) :ﬂ
16. Metal trim to window { b
I7. Metal parapet coping ; é'
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Vertical section 1:25.Vertically set profiled metal
cladding with gable end

Vertical section |:25. Horizontally set profiled metal
cladding with parapet
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Typical profiled sheet profiles
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Metal Walls 02
Profiled metal cladding

Vertical section |:10. Parapet detalil

Vertical section 1:10. Ground level cill detail

Vertical section 1:10. Metal door detail
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Vertical section |:10. Gutter detalil for large span enclosure

3-D view of profiled metal sheet as roof material

the upper sheet set over the lower one in
the traditional manner.When laid horizontally,
horizontal joints are formed with laps as
when laid vertically, but horizontal joints are
not usually lapped in the same way. This is
mainly because it is difficult to form a contin-
uous straight line in a joint that moves in and
out with the shape of the profile. Instead a
recessed top hat section or projecting cover-
plate is used. The profiled sheet is butted up
to the C-shaped section and sealed with sili-
cone or mastic. The same principle is used for
a projecting coverplate.

Corners are treated in a similar way. Cor
ners to vertically- and horizontally-set clad-
ding use projecting or recessed coverstrips.
The profiled sheets that meet are lapped
however, to provide a weathertight seal and

the coverplate, provides both an additional

seal along a potentially vulnerable joint as
well as a crisp line to the corner. Regardless
of sheet orientation, edging and jointing piec-
es are clearly visible, making them an impor-
tant part of the design. Whereas profiled
sheet can be lapped to give a continuous
appearance on a large area of facade, the
edging and jointing pieces of parapets, cills
and corners are clearly visible. The visual
impact of these junctions can be reduced
with recessed joints. The use of curved eaves
sheets and curved (in plan) corner sheets
was developed to avoid the need for visible
corner pieces. 90° corner sheets are now
available, from some manufacturers, that can
be lapped smoothly over adjacent profiled

metal sheets.



3-D view of gutter at connection between profiled metal wall and roof system

Vertical section 1:10. Sloping roof junction at gable end

Vertical section 1:10. Gable end with external metal gutter

Parapets and gutters

Parapets are usually formed by either pro-
jecting the profiled sheet above the roof line
in order to conceal the roof completely,
which is often in the same material in the
case of industrial buildings. Alternatively, a low
parapet is formed at the level of the intersec-
tion of wall and roof, with a recessed gutter
set immediately behind the parapet. A varia-
tion on this latter solution is to use curved
eaves to give the idea of complete continuity
between walls and roof with only a recessed
gutter creating a line between the two. The
recessed gutter in any of these configurations
is useful when a pitched roof is used. On the
gable elevation the parapet can remain the
same height while the roof rises and falls
independently of the continuing line of the

parapet on all sides. Curved eaves have

mitred corner panels to allow a curved pro-
file to be used continuously around a building.
Visible gutters are fixed on the outside
face of the cladding. The roof projects over
the top of the cladding in order to drain rain-
water into the gutter, resulting in the roof vis-
ually projecting forward of the wall, unlike a
parapet gutter. An advantage of this method
is that rainwater is kept outside the building,
avoiding the need to run vertical rainwater
pipes within a building, then running rainwa-
ter back out through the foundations below
ground level. Since gutters are needed only
at the base of roof slopes, gutters are often
not needed on all facades, giving an uneven
appearance to the building. A solution to
making gutters work on all facades is to
design a hipped roof that drains equally into

all gutters, but this can complicate roof

!'II:®.I

Vertical section 1:10. Roof junction at gable end

Details

oA W —

@

10.
Il
12.

Metal cover strip set
Horizontally-set profiled sheet
Vertically-set profiled sheet

Z section steel fixing rails
Thermal insulation

Backing wall, typically
timber/metal frame with
plywood facing and waterproof
membrane, or concrete block
Vapour barrier

Internal finish

Roof, typically profiled

metal sheet

Curved eaves profile
Concealed gutter

Exposed gutter
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Metal Walls 02
Profiled metal cladding

3-D view of curved eaves connection with hidden gutter

Vertical section 1:10. Junction with roof

MCE_ 28

Vertical section |:10. Curved eaves without gutter

Details
Metal cover strip set
Horizontally-set profiled sheet
Vertically-set profiled sheet
Z section steel fixing rails
Thermal insulation
Backing wall, typically
timber/metal frame with
plywood facing and waterproof
membrane, or concrete block
7. Vapour barrier
Internal finish
9. Roof, typically profiled

metal sheet
10.  Curved eaves profile
I'l. Concealed gutter
12, Exposed gutter
I3. Supporting structural frame
I4.  Structural slab
I5. Window frame
|6, Metal trim to window
| 7. Metal parapet coping

oA W —

©

Vertical section |:10. Roof junction at abutting wall



3-D view and cut-away of profiled metal sheet assembly with gutter

design. Gutters require support by brackets
back to primary structure in order to sup-
port the weight of water when in use. The
supporting brackets usually need to pene-
trate the cladding, requiring seals around the
penetrations in order to make them weath-
ertight. If the roof construction is required to
be ventilated then the depth of the gutter
will increase if the roof is intended to be hid-
den from view. Deep gutters have a strong

visual presence on the facade.

Window and door openings

The reveals for windows and doors are
formed in flat metal sheet, usually the same
metal and same colour as the profiled sheet-
ing. In practice the colour matching can be
difficult if the coating (usually polyester pow-
der coating or PVDF) is applied in different
workshops or by different coating applica-
tors. Contrasting colours are sometimes
chosen for this reason. This is also true of
window sections, which are usually supplied
predated by a different manufacturer. Close

co-ordination is needed between contrac-

tors to ensure a consistent colour through-
out the project. An alternative approach is to
reduce reveals to a small depth and use a
colour for the windows different from that
of the adjacent cladding. For example, with
a silver metallic finish for cladding, a darker
grey might be used for window frames with-
out creating any contrast between the two
colours used.

Cills are formed in pressed metal which
is inclined to drain water from its horizontal
surface and has a projecting drip to avoid
dirt, washed off the cill, running onto the
cladding below, which would cause staining.
Some drips have rising edges at the sides to
avoid water running off at the sides that
causes streaking in lines below the edges of
the openings. Cills at ground level or at the
base of the cladding are either flush or pro-
jecting, to suit visual requirements. As with
sheet metal cladding, the cill is usually rein-
forced both to ensure it lies in a straight line

and protect it from accidental damage.

Insulation and liner trays
Although profiled metal sheet is capable of

long vertical spans, the thermal insulation and
internal finish material require additional sup-
port.The insulation cannot be fixed directly
to the metal sheet without being bonded to
it. Fixing brackets to the profiled sheet would
involve penetrating the sheet, creating a pos-
sible point for water ingress.Welding a sup-
port bracket would be both expensive and
easily distort the surface of the cladding.
Bonding the insulation to the liner would be
the next practical method, but this is done as
a composite panel, which has constraints and
is dealt with in the next section.

Flexible insulation quilt is fixed to inter-
mediary sheeting rails that are also used to
support an inner metal lining sheet. Sheeting
rails are made from pressed steel sections.
Since the lining sheets are usually flat, to cre-
ate a smooth finish within the building, they
do not span very far and require sheeting
rails set at close centres. The rails can be used
to give additional rigidity to the outer profiled

sheet, but this requires penetrating the sheet
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Vertical section 1:10. Aluminium window recessed
into profiled metal cladding system

L

3-D views of head and cill details of recessed alu-
minium window in profiled metal facade

MCE_ 30

3-D view of recessed aluminium window in profiled metal facade

with screw fixings which are sealed from the
outside with plastic caps and washers.

An inner lining tray can also be formed
from the same metal profiled sheet, as used
in warehouse buildings where a smooth inner
wall finish is not needed. Some intermediary
sheeting rails are still required to support the
thermal insulation. A more economic form of
lining wall that does not interfere with the
outer profiled cladding is concrete blockwork.
In this instance, closed cell thermal insulation

is fixed to the outside face of the wall.

Developments

The range of profile types is steadily increas-
ing, with wider, deeper profiles that were
originally designed for use as roof decking
being used as wall cladding. However, some

of the interlocking types used on roofs are

not suited to cladding since the standing
seam joint, which is not designed to be tightly
folded together, does not work when set in
the vertical plane. This principle is also true of
wall cladding types which are lapped and are
not suited to use in roofs, where the seam is
not high enough to be submerged under
water during rain. A recent development has
been the use of flat metal rainscreen panels
fixed directly to a profiled sheet. This provides
a smooth finish visually to the outside face of
the cladding, while maintaining the economy
and structural efficiency of the profiled sheet.
Although the outer metal panel is fixed to
the profiled sheet with screws or rivets that
penetrate it, the pin jointed rainscreen config-
uration protects the fixings from the worst

effects of windblown rain.




Vertical section |:10. Roof connection to composite metal roof system

Horizontal section 1:10. Internal corner

Vertical section |:10. Gutter detail for small span
enclosure
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Horizontal section 1:10. External corner
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Details
Metal cover strip set
Horizontally-set profiled sheet
Vertically-set profiled sheet
Z section steel fixing rails
Thermal insulation
Backing wall, typically
timber/metal frame with
plywood facing and waterproof
membrane, or concrete block
7. Vapour barrier
8. Internal finish
9. Roof, typically profiled

metal sheet
10.  Curved eaves profile
I'l. Concealed gutter
12, Exposed gutter
I3. Supporting structural frame
14, Structural slab
I5. Window frame
6. Metal trim to window
|7. Metal parapet coping

oUW —

3-D view of rear of recessed alumin-
ium window in profiled metal facade
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Metal Walls 02
Profiled metal cladding

N AW —

3-D detalil view of profiled metal
sheet connection to blockwork wall

-

3-D exploded detail view of profiled metal sheet connection to blockwork wall

MCE_
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3-D exploded view of profiled metal sheet assembly with gutter

Details

Metal cover strip set
Horizontally-set profiled sheet
Vertically-set profiled sheet

Z section steel fixing rails
Thermal insulation

Backing wall, typically
timber/metal frame with
plywood facing and
waterproof membrane,

or concrete block

10.
I
12.
13.
14.
I5.
16.
17.

Vapour barrier
Internal finish

Roof, typically profiled
metal sheet

Curved eaves profile
Concealed gutter
Exposed gutter
Supporting structural frame
Structural slab
Window frame

Metal trim to window
Metal parapet coping

3-D detail view of profiled
metal sheet with gutter



3-D exploded view of vertically
@' set folded metal sheet

-D exploded view of horizon-
ally set folded metal sheet

I
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3-D view of recessed aluminium window in

profiled metal facade

3-D view and exploded axono-
metric of window head detail

3-D exploded view of recessed aluminium window in profiled metal facade

3-D section of recessed aluminium 3_D view and exploded axono-
window in profiled metal facade metric of window cill detail
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Mital §Valls 9
Composite panels

3-D view of composite panels fixed to aluminium supporting frame
with interlocking joints on two sides with vertical (right) and horizon-

tzl {lafty Fannira neoe

Composite metal panels require fewer com-
ponents than for the 'kit of parts' used in the
assembly of profiled metal cladding. Like pro-
filed metal, panels are set either vertically or
horizontally. Some panels interlock on two
sides, while others interlock on four sides.
Four-sided panels require no separate inter-
face components for jointing but it is more
difficult later to remove a damaged panel.

Horizontally-set composite panels can
be easily integrated with ribbon windows
and suit building facades covering several
floors. Panels are stacked one above the
other with their vertical joints closed by rub-
ber-based gaskets, recessed channel sections
in aluminium, or projecting coverstrips in alu-
minium. Panels are fixed back to the primary
structure or on a secondary steel frame, typ-
ically box sections, fixed to the sides of floor
slabs if columns are spaced too far apart or
columns are not positioned on the edge of
floor slabs.

Where windows are used in a facade,
additional support is needed to frame the
opening. This is because windows are not

supported by the composite panels except
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Honzontal section |:5 Connection
between composite panel and curtain
wall type glazing with cap

5

where made specifically as part of a proprie-
tary system. In practice, windows are usually
supplied by a specialist manufacturer.

The steel support framing is set on the
face of the slab, making it easier to take up
deflections in floor slabs. However, as is the
case with curtain walling, the gap between
composite panel and floor slab needs filling
with a smoke seal or fire barrier. The floor fin-
ish usually has a metal angle to close off the
gap at slab level and at the soffit level below.
Four-sided interlocking panels use the same
principle for fixing on all four sides. This also
makes it easier to integrate windows within
the system since a window panel is locked in
like any other panel.

Vertically-set composite panels are more
common in single storey applications, but
multi-storey applications are used increasingly.
Panels are interlocked at vertical joints, while
horizontal joints are formed by using a cill-
type detail similar to that used in a transition
from vertical panel to low pitched roof. A cill
in extruded or folded aluminium or steel
(depending on which metal is used for the

composite panel faces) is used. The front of

©

Haorizortal section 1.5, Parel to panel
connection with visible cap.

Horzortal section |:5. Panel to window
connection with visible cap
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Horizontal section |:5. Connection

between composite panel and curtain

wall type glazing with metal flashing

the trim projects beyond the face of the
cladding to throw water clear and prevent
staining to panels below. The back of the drip
projects up the back of the upper panel to
prevent water from penetrating the joint.
Panels are also supported on either an inter-
locking frame or occasionally they span
between columns if panels are stiff enough to
span unassisted. An additional method of fix-
ing panels is to position them between floor
slabs spanning from floor to ceiling when
used as part of a rainscreen system. Panels sit
on the floor slab with their outer face flush
with the edge of the slab. The outer rain-
screen is set forward of the composite panel,
concealing both the panels and the edge of
the floor slab.

Interlocking vertically-set panels are of
several types, unlike horizontally-set types,
which have a stepped joint to avoid rainwa-
ter penetration. The most common type for
vertical joints is also a stepped joint with a
recess on the outer face. An alternative is to
have projecting nibs on the sides of the panel
to which a coverplate is fixed over the gap

between the two panels. Rubber-based seals



3-D view of framework supporting composite pan-
els interlocking horizontally with vertical capping
piece

Vertical section 1:10. Parapet and cill with curtain
walling type window set into cladding. Typical in
industrial applications

3-D view of framework supporting composite pan-
els interlocking horizontally with vertical capping
piece

(i

Vertical section |:10: Parapet and ground
level cill

Details

Vertically-set composite panel

Horizontally-set composite panel

Silicone-based seal

Outer metal facing

Inner metal facing

Inner insulation core

Metal capping

Concealed fixing

Supporting structure

10.  4-way interlocking composite panel

I'l. Window frame

12, Sectional roller shutter formed from
composite panels

I3. Roof construction, composite panels are
shown

4. Metal trim

N O N O AN —

I5. Exposed gutter

l6. Concealed gutter

|7. Metal parapet coping

18, Stick glazed curtain walling
19. Door frame

3-D view of profiled composite panel fixed to steel
supporting structure with vertical capping piece

©

3-D view of horizontal interlocking joint between
profiled composite metal panels
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Metal Walls 03
Composite panels

3-D view of junction with window frame

3-D view of junction with ground slab
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are set into the depths of all these joint types.
Another joint is a C-shaped channel profile
which interlocks with the profile of the adja-
cent panel. The outside face of the panel has
a slightly projecting edge instead of a
recessed joint in the stepped joint types.

All these panel types use jointing meth-
ods that avoid thermal bridges. Drips often
penetrate from outside but the low conden-

sation risk is assessed during the design stage.

Parapets and cills

Parapet copings and drips at ground level can
also be made as composite panels, forming
an integrated part of a proprietary system.
This can be an advantage when seeking a
seamless effect across a facade, but sets limi-
tations on the variety of junctions (in terms
of width and height) at parapet and base due

to the need for repetition in specially made

Details

Vertically-set composite panel

Horizontally-set composite panel

Silicone-based seal

Outer metal facing

Inner metal facing

Inner insulation core

Metal capping

Concealed fixing

Supporting structure

4-way interlocking composite panel

Window frame

Sectional roller shutter formed from

composite panels

I3.  Roof construction, composite panels
are shown

4. Metal trim

IS, Exposed gutter

l6. Concealed gutter

I7.  Metal parapet coping

I8. Stick glazed curtain walling

19. Door frame
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Vertical section |:10. Junction with roof including concealed gutter.
Integrated windows flush with face of composite panels

panels. A large number of different panel
types cannot be produced economically for a
single project. Although folded metal flashings
and extrusions can appear more visually
intrusive than a specially made composite
panel, this method is far more flexible for
dealing with varied parapet and ground level
junctions, particularly for complex junctions.
Like fully supported sheet metal facades,
parapets can be set either level with the roof,
to create a continuous smooth envelope, or
be stepped to allow the roof profile to be
concealed. The same principles apply as
those for continuously supported sheet

metal parapets and cills.

Windows and door openings
There are two methods of creating an open-
ing in a composite panel for both horizontal-

ly- and vertically-set panels. The first method



3-D view of composite panel facade assembly with
flush glazing and concealed parapet

is a special reveal panel that interlocks with
the composite panels. With vertically-set pan-
els the window interlocks into vertical joints
and has coverstrips on horizontal joints.
Where horizontally-set panels are used, the
window interlocks with the horizontal joints
and has coverstrips applied on the vertical
joints. The second method is to use metal
sheet to form a reveal A single sheet of
metal, 1200 or |500mm wide coil (4ft or 5ft),
is fixed to a light gauge steel frame which is
insulated. The inner framed wall has a vapour
barrier and an inner metal sheet, usually
matching the adjacent inner face of the panels.
Heads and cills of openings are formed in
the same way with either a purpose-made
corner panel (the cill is an inclined surface) or
with sheet metal and thermal insulation.
However, the lightweight metal frame is not

usually fixed back to the composite in order

Vertical section 1:10. Integrated parapet, window
and doors all flush with face of composite panels.

to avoid penetrating either outer or inner
face of the panels. Instead it is fixed back to a
floor slab or to the primary structure.

Since the inclusion of reveals is not really
in the nature of composite panel detailing,
and the wall has little depth, the additional
frame is also used to support the window,
typically aluminium framed with a thermal
break and double glazed units. More often,
windows and doors are fixed with the outer
face of the glass or door aligned with the
outer face of the adjacent composite panels.
An alternative form of glazing to windows
and doors is to use curtain walling. Thermally
broken stick systems are fixed directly against
the adjacent composite panels with a seal set
against the primary structure forming the
opening (typically vertical sheeting rails). If
horizontally-set panels are used, then the

curtain walling can be sealed against adjacent

[

Vertical section 1:10. Cross section through roof
with integrated parapet

3-D view of spandrel panel connection

©
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Vertical section 1:5. Metal door set flush with face of
composite metal panel

MCE_ 37



Metal Walls 03
Composite panels

Vertical section 1:10. Parapet with concealed gutter
and curtain wall type window recessed with deep
metal reveal.

Details

Vertically-set composite panel

Horizontally-set composite panel

Silicone-based seal

Outer metal facing

Inner metal facing

Inner insulation core

Metal capping

Concealed fixing

Supporting structure

4-way interlocking composite panel

Window frame

Sectional roller shutter formed from

composite panels

I3. Roof construction, composite panels
are shown

4. Metal trim

I5. Exposed gutter

l6. Concealed gutter

| 7. Metal parapet coping

18.  Stick glazed curtain walling

19. Door frame
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Horizontal section 1:10. Door jamb with metal sheet forming

panel in door reveal.

composite panels with a vertical cover strip
used for all vertical joints.

Where many windows are required at a
particular height on a facade, as when provid-
ing light into an upper floor; it is common to
create a continuous ribbon of windows to
avoid small infills of composite panels
between windows. The continuous line of
windows is fixed back to a secondary frame
of steel box sections, which may be exposed
in the building or be concealed behind an
inner finish such as a plasterboard lining. Con-
tinuous windows can also be glazed into hor-
izontally-set panels interlocking on two sides,
or four-sided panels. This can avoid the need
for additional support framing. In this instance
the windows are braced back in the same

way as the composite panels.

Developments

The use of composite metal panels is increas-
ing into building types beyond industrial
buildings, into office buildings and sports facil-
ities. In the case of office buildings, they pro-
vide an economic spandrel panel where cur-
tain walling is not always effective. In sports
facilities, composite panels enclose large
indoor spaces with a durable, crisply-made
and relatively economic cladding system.
Although the appearance of the external face
is smooth and gridded, the supporting struc-
ture is visible and usually set on the inside
face to avoid penetrations to the outside
through the joints between panels. If the
exposed structure is enclosed with an eco-
nomic lining wall concealing the structure, this

additional element can add considerable cost



3-D view of curved internal corner panel with partially interlocking joints

3-D view of partially interlocking joint between composite panel and window

to the cladding, making it much less economic.

For this reason, supporting structure that
is designed to be seen, such as tubular steel
posts, is increasingly used. The composite
panels span between steel posts or trusses
with little or no interlocking supporting
structure. In order to keep the supporting
structure as visually elegant as possible, truss-
es or posts are spaced as far apart as possi-
ble.This has led to panels getting longer, with
a maximum length currently around 15
metres (49ft). Some proprietary systems
include edges to panels which are deeper,
making the continuous vertical joints and
horizontal joints more rigid, allowing them to
span greater distances, and thus reducing the
amount of visible supporting structure needed.

Increasingly, window openings need not

be dictated by the direction in which panels
are laid. Horizontally-set panels do not have
windows arranged horizontally. Transitions
between window openings and composite
panels are becoming more economic with
standard extrusions and rubber-based seals.
This is evermore the case with four-sided,
interlocking panels, where window panels
and metal panels are fixed in the same way.
Increasingly, irregular facade grids are being
developed in designs to create a richer mix
of panel sizes in visual patchwork of different

sizes of panels.
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Horizontal section I:5. Partially interlocking curved
internal corner

Horizontal section 1:5. Partially interlocking connec-
tion between composite metal panel and window

i

Horizontal section 1:5. Partially interlocking external
corner

Horizontal section 1:5. Insulated corner connection
detall
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Composite panels

i

Horizontal section 15, joirt between composite
panels with fully imterlocking connection

D)

al

Horizontal section 1:5. Joint between composite
panel and curtain wall type glazing with fully inter-
locking connection

Horizontal section 1:5. Joint between composte
panel and concrete wall with fully interlocking con-
nection ~

|

vertical section |:5 Curved parapet detail with fully

interlockang connections
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Horizontal section 15 Panels interlocking on 4 sides
spanning ether vertically or horizontally

3-D view of partally interlocking panels with
flush window and curved corner pane!

Vertical section | 5. Aluminium window set into

reveal in cladding

Vertical section 1:10, Fully nterlocking composite
panels with curved cill and window set into reveal in
cladding

Corners

Composite panels are connected at corners
by one of two methods, Either specially made
corner panels are used (typically why 90%is
standard) or a coverstrip 1s added 10 cover
the junction where the panels meet. Corner
panels are more suited to vertically-set
arrangements, though panels for honzontally-
laid panels are sometimes used for visual
effect. Where corner coverstrips are used,
their appearance resembtes that of profiled
metal cladding, which can give a facade an
overall framed appearance. Metal trims at the
parapet, base and cerners can give this
appearance, For this reason, the special cor
ner panels and parapet panels are used
increasingly.



Horizontal section 1:5. Insulated corner connection
between composite panels with fully interlocking
connection

X | T =

Horizontal section |:5. Fully interlocking curved
internal corner panel

T I:I.. |
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Horizontal section 1:5. Fully interlocking curved
external corner panel

Thermal bridges at cills

A weakness in composite panels systems has
been the use of pressed metal sections or
aluminium extrusions that pass from outside
to inside without a thermal break. This is
being remedied by the use of insulated cills,
made in the manner of composite panels.
This reduces the thermal bridge, in some
cases a break in the section from outside to
inside can be formed by turning the metal cill
into the injected foam or polystyrene in the

same way as a composite panel.

L= J

Horizontal section |:5. Fully interlocking external
corner panel

Details

Vertically-set composite panel
Horizontally-set composite panel
Silicone-based seal

Outer metal facing

Inner metal facing

Inner insulation core

Metal capping

Concealed fixing

Supporting structure

0. 4-way interlocking composite panel

= N0 O NN AN —

Horizontal section 1:5. Fully interlocking internal
corner panel

1. Window frame

12, Sectional roller shutter formed from
composite panels

I3. Roof construction, composite panels
are shown

4. Metal trim

I5. Exposed gutter

6. Concealed gutter

| 7. Metal parapet coping

I8. Stick glazed curtain walling

19. Door frame

3-D views of fully interlocking corner pieces with square and rounded corners
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Metzl m@,& ‘@%& 3-D view of composite panel facade with

Composite panels flush glazing and concealed parapst
Exploded axonometric view of composite panel facade ]
assembly with flush glazing and concealed parapet ' N
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Details
I Vertically-set composite panel
2. Horizontally-set composite panel
3. Sihcone-based seal
4. Quter metal facng
| 5 Inner metal facing
N \ 6. [nner insulation core
= 7. Metal capping
‘@ " 8 Concealed fixin
)3
9. Supportng structure
10, 4-way interloeking composite pariel,
| T Window frame
\ 12 Sectional roller shutter formed from
| COMPOsTe panels
e N\ I3, Roof construction. composite panels
Y i are shown
N 4 Metal rim
I5 Exposed gutter
N < 3 16, Concealed gutter
[7. Metal parapet coping
R o I8, Stick glazed curtain walling
N |‘« [9. Door frame

3-D detail view of floor to"wall junction 3-D detal view of window frame
and supporting structure 3-D detail view of gutter

MCE_ 42



|

|

3-D view of composite panel curtain wall with
recessed window with deep metal reveal

3-D exploded view of composite panel curtain wall with recessed window with deep metal reveal

3-D view of frame detalil

3-D section of composite panel curtain type wall
with recessed window with deep metal reveal

3-D view of gutter detail Exploded axonometric gutter detail
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Metal rainscreens
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Horizontal section 1:10. External corner connection

between rainscreen panels

Horizontal section 1:10. External corner connection
between rainscreen panels and junction with window

A much wider range of materials is used in
rainscreens than was the case five years ago.
Copper and zinc have the advantage of being
easier to form than steel or aluminium, par-
ticularly where site-based construction meth-
ods are preferred for either economy orin
dealing with complex or curved geometries.
This method of fixing rainscreens avoids the
need for off-site fabrication of a large
number of different panel types with different
curved geometries. They can be made eco-
nomically on-site.

The 'tiling' or 'shingling' of panels in cop-
per has been developed from sheet metal
cladding. This departs from metal rainscreen
designs in that the surface appearance has a
deliberately uneven texture that emphasises
the oil-canning effect that gives the appear-
ance of a layered, tiled surface. The move
away from the emphasis on flat metal panels
in rainscreen construction includes an
increased use of profiled and curved metal
panels. A major advantage is that fixings can
be concealed by semi-interlocking panels in
the manner of sheet metal cladding or in the

manner of traditional roof coverings.
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There has been a recent increased use of
semi-lapped assemblies that conceal the void
behind the metal cladding. These usually have
visible fixings at panel joints but allow the
joints between panels to be less in shadow
than is the case with other fixing methods.
There has been a gradual development of
rainscreens as visual screens rather than as
weather-excluding panels. For example, per-
forated metal screens in mild steel or alumin-
ium are used to create both modelling to a
facade and solar shading set forward of
glazed walling. In such designs the back of the
rainscreen panel is visually as important as
the outer visible face where the panel is seen
through glazed openings in a facade. Fixings
for such rainscreen panels often have screws
and bolts that are set into the fixing rather
than having projecting threaded bolt and

exposed nuts.

Materials

Rainscreen panels can have a flatness that is
difficult to achieve with other methods. Panel
flatness is achieved by either use of compos-

ites such as proprietary laminates where two

Details

I Backing wall or structural wall
supporting rainscreen

2. Supporting Frame

3. Support Bracket

4. Metal rainscreen panel

5. Open joint

6. Closed cell thermal insulation
7. Waterproof membrane

8. Internal finish

9. Supporting structure

10. Pressed metal cill

|'I. Pressed metal coping

12. Continuity of waterproofing layers of
wall and roof

sheets of aluminium are bonded on both
sides of an inner core sheet of plastic of
thickness 3-5mm (0.1 18in to 0.2in) or by a
minimum 3mm (0.1 18in) thick aluminium
sheet, or approximately |mm thick steel
sheet, depending on panel size. Honeycomb
panels are also being used. A metal honey-
comb layer; about Smm (0.2in) thick, is bond-
ed to thin metal sheets on either side. Alu-
minium is most commonly used. One of the
outer sheets is factory paint coated from the
rolled coil from which it is cut, giving the
material a high level of colour consistency

over large areas of panel.

Fixing methods
The three main fixing types used for metal
rainscreens are (1) visible point fixed, (2)
horizontal or vertical rails with partially
exposed brackets (hung panels) and (3) ver-
tical and horizontal rails with partially inter-
locking panels and concealed fixings.

The choice of fixing method is often
determined by what is seen through the joint
from the outside. If dark shadows are sought

at the joint then the backing wall should have



3-D views of fully interlocking corner pieces with
square and rounded corners. Type 3

b

Horizontal section 1:10. Internal corner connection Horizontal section 1:10. Internal corner connection
between rainscreen panels between rainscreen panels
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Vertical section |:10. Metal rainscreen wall assembly

3-D views of fully interlocking corner pieces with square corners. Type 3
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Metal rainscreens

-D views &f éemi interlocking rainscreen panels, Type 2

eft: Harizontal rails suppart cladding panels with vertical interlocking joints

tinht' Wartiral rale amnoct claddine nanale .arfh herrnntal intarlaclang ininte

a consistent dark colour: In this case, short
lengths of bracket may be sufficient to sup-
port the panels, since they will not be visible.
If the backing wall is likely to be visible
through the open joints, such as if the backing
wall is clad in exposed polystyrene insulation
board, then the joints will need to be
screened by a continuous channel.

Panels which are point fixed have either
countersunk screws set flush with the panel
face, or dome headed screws which make a
visible feature of them.The screws are fixed
into rails set to suit their position.Vertical
rails are often preferred since water can easi-
ly drain down them.

Hung panels are hooked onto supporting
brackets. Panels are fixed by cutting slots into
the sides of the rainscreen panel during man-
ufacture and hooking them onto dowels pro-
jecting from C-shaped brackets. These brack-
ets are in turn secured to vertical rails set at
vertical joints between panels. The rails also
act as screens to close off views into the cav-
ity. Horizontal joints are formed by an
upstand formed in the top or bottom edge

of a panel.

MCE_ 46

Semi-interlocking panels are fixed by
screwing the top of the panel to horizontal
rails to suit the orientation of the panels. The
adjacent panel is lapped into the panel next
to it, both to secure it and conceal the fixing.
The joint in the other direction is either fixed
with a similar semi-interlocking edge to form
a tiled appearance, or has a cover strip.

Unlike masonry-based rainscreens such
as terracotta or stone, metal rainscreen pan-
els are lightweight in comparison and need
to be mechanically fixed at a minimum of
one or two points, usually at the bottom of
the panel if the panel is hung from the top.
Fixing screws are usually applied at the joint,
unless it is fixed with exposed fixings through
the panel itself. This means that part of the
bracket is usually visible. Short lengths of
brackets then become visible and need to be

incorporated as a visible part of the design.

Backing walls

Supporting walls to rainscreen panels are
usually concrete block, which allows support-
ing panels to be fixed at any point across its

surface, or framed, where rainscreen fixings

are secured to the framing members rather

than the outer skin of the backing wall. In
some cases, if the outer skin is thick enough,
say émm (0.25in) aluminium sheet, rain-
screens can be fixed directly to the sheet
material rather than the frame. If a light-
weight backing wall cannot accept additional
loads from rainscreen cladding onto it (as
with composite panels), then support rails
span from floor to floor as posts.

With concrete block backing walls, the
thermal insulation is usually set on the out-
side face in order to keep the structure
either warm or cool, depending on the geo-
graphical location. The waterproof layer is set
directly on the outside face of the concrete.
The thermal insulation used is closed cell
type in order for it not to absorb water
which would drastically reduce its perform-
ance. The insulation is also used to protect
the waterproof membrane but this makes it
necessary for support brackets to be fixed
through the insulation to the supporting wall
behind. Sometimes holes have to be cut in
the insulation, which reduces its effectiveness,

but it is always better if the fixings for sup-



Horizontal section 1:10. Internal corner connection
between metal rainscreen panels with interlocking
horizontal joints and open vertical joints

Horizontal section 1:10. Internal corner connection
between metal rainscreen panels with open hori-
zontal joints and interlocking vertical joints

3-D view of semi interlocking metal rainscreen with
angled joints and aluminium window recessed into
the facade. Type 3

Horizontal section 1:10. External corner connection
between metal rainscreen panels with interlocking
horizontal joints and open vertical joints
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Haorizontal section 1710, External comer connection

between metal rainscreen panels with open
horizontal joints and interlocking vertical joints

Details

I Backing wall or structural wall
supporting rainscreen

2. Supporting Frame

3. Support Bracket

4. Metal rainscreen panel

5. Open joint

6. Closed cell thermal insulation
7. Waterproof membrane

8. Internal finish

9. Supporting structure

10. Pressed metal cill

I'I. Pressed metal coping

1 2. Continuity of waterproofing layers of
wall and roof

Vertical section |:10. Metal rainscreen with inter-
locking horizontal joints, parapet and recessed win-
dow
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Metal rainscreens

Horizontal section 1:10. Connection between metal rainscreen and curtain wall type glazing with flush

finish

3-D view of curtain wall type glazing set flush with metal rainscreen cladding. Type 3

Details

I, Backing wall or structural wall
supporting rainscreen

2. Supporting Frame

3. Support Bracket

4. Metal rainscreen panel

5. Open joint

6. Closed cell thermal insulation

7. Waterproof membrane

8. Internal finish

9. Supporting structure

10. Pressed metal cill

I'l. Pressed metal coping

12, Continuity of waterproofing layers of
wall and roof
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port rails can be fixed at the same time as
the insulation in order to co-ordinate them
and avoid later cutting of the insulation.
With lightweight backing walls in timber
or pressed steel, thermal insulation is set
within the frame. A waterproofing layer is set
on the inside (warm in winter) face. An inter-
nal finish layer is then set in front of this
vapour barrier: Rainscreen fixings for support
rails are fixed directly to the outer water-
proofing layer using sealing washers that
avoid leaks through the fixing point. The
framed backing wall is designed to receive
fixing brackets at points which transfer loads
down to the primary structure.The use of
framed backing walls with rainscreens makes
it necessary to co-ordinate the two elements
of construction during the design rather than

during the construction.

@ ®

Vertical section |:10. Metal rainscreen with curtain
wall type glazing set flush with face of cladding.

Construction sequence
An essential aspect of rainscreen construc-
tion is the sequence in which the various
elements of the backing walls, windows, ther-
mal insulation, waterproofing layer and rain-
screen panel are brought together Although
the rainscreen principle is very effective and
often very economic, its effectiveness can be
reduced if seals are not properly applied or
insulation is damaged because elements are
assembled on site in the wrong order. Typi-
cally, windows are sealed against the backing
wall before the rainscreen panels are set in
place. An advantage of this form of con-
struction is that the external wall can be
made waterproof before the rainscreen
panels are fixed.

A typical construction sequence is to

build the backing wall first and set the water



proofing layer and insulation in place. Win-
dows are then set into the backing wall and
are sealed against its waterproofing layer
Thermal insulation. if set outside the line of
the waterproofing layer (as in in-situ con-
crete, precast concrete or concrete block)
makes it easier to set the thermal insulation
on the backing wall after the windows and
doors have been fixed. Support rails for the
rainscreen panels are then fixed to the back-
ing wall, followed by the metal panels them-
selves, Panels are usually fixed in horizontal
rows from the bottom up so that corner
panels and panels at window openings can
be fixed from the outside from the top of
the panel. Metal panels can then be set in a
correct alignment with the windows in
terms of their position and in setting the
required joint width. The open jointed

3-0 view of vertical rail system with rainscreen
panels spanning harizontally. Type |

3-D view of horizomtal rail system with
rainscreen panels spanning vertically Type |

nature of the construction usually dictates
that the rainscreen panel is set In @ way that
avoids a view through the joint to the back-
ing wall beyond.

Window and door openings
Because window and door Openings are usu-
ally set into an opening before the rainscreen
panels are set, reveals are sealed with either
individual rainscreen panels or with sheet
metal trims similar to those used for sheet
metal construction, Unlike sheet metal con-
struction however a gap is usually maintained
between the trim and the window in order
to maintain the joint principle. Similarly gaps
between reveal trims and adjacent wall pan-
els are also separated by an open joint. Since
windows and doors are sealed against the
waterproofing layer behind the rainscreen

e
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Vertical section 1:10. Horizontally spanning metal
rainscreen panels with vertical rail system

Wertical section 1:10. Vertically spanning rmetal
rainscreen panels with horizontal rail system
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Metal rainscreens

3-D view of metal
rainscreen shingles with
folded metal parapet

panel rather than to the panel itself, these
separations are straightforward to achieve.
These open joints around openings are made
in a way that conceals the waterproof layer
behind, thus protecting it from both accidental
damage from building users and from the
possible effects from sunlight heating up the
membrane or attacking it with UV light. Win-
dows and doors are usually provided with an
additional wider frame or trim at their edges
in order to allow thermal insulation in the cav-
ity to provide continuity at the opening and

allow the rainscreen panel to lap against it.

Parapets and cills

Parapets have an open joint between the par-
apet flashing and the panel below but hori-
zontal joints between flashings are usually
closed to protect the parapet from accidental
damage to the waterproofing undercloak
beneath or from the harmful effects of sun-
light from above acting on its horizontal sur-
face. Joints between flashings may be recessed

to match the visual appearance of the rain-
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Horizontal section 1:10. Internal

corner of metal rainscreen shingles

Horizontal section I:10. External
corner of metal rainscreen shingles

screen panels by providing a shadow or may
be lapped in the manner of fully supported
sheet metal cladding. The waterproofing layer
will form a continuous seal with the adjacent
roofing membrane. Cills at the base of the
wall are detailed in a similar way with metal
being continuous but with joints either

recessed or lapped.

3-D views showing recessed timber window
opening in metal rainscreen shingle cladding system
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Horizontal section 1:10. Connection between metal
rainscreen shingles and timber window

Details
I. Backing wall or structural wall
supporting rainscreen

Internal finish

Supporting structure

10.  Pressed metal cill

I'l. Pressed metal coping

12, Continuity of waterproofing layers of
wall and roof

o : l;l. 2. Supporting Frame
! 3. Support Bracket
4. Metal rainscreen panel
5. Open joint
6. Closed cell thermal insulation
7. Waterproof membrane
8.
9.

Vertical section |:10. Connection between metal
rainscreen shingles and timber window

1¢=.—.

Horizontal section |:10. Connection between
metal rainscreen shingles and timber window

Vertical section |:10. Semi-interlocking metal
Vertical section |:10. Metal door recessed into 3-D view recessed timber window in metal rainscreen shingle system with parapet, timber
metal shingle rainscreen construction rainscreen shingle cladding system window and finish at ground level
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Metal rainscreens

Details
Backing wall or structural wall
supporting rainscreen

2. Supporting Frame

3. Support Bracket

4. Metal ranscreen panel’

5. Open joint

6. Closed cell thermal insulation

7. ‘Waterproof membrane

8. Internal finish

9. Supporting structure

10.  Pressed metai cil

1. Pressed metal coping

12, Continuity of waterproofing layers of
wall and roaf
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3-D, exploded view of metal rainscreen panel system with overlapping tiles as panels

1

.

3-D exploded view of parapet condition 3-D exploded view of top of window opening 3-0 exploded view of rainscreen panel system
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3-D exploded view of rainscreen panel systerm assembly

N

3-D exploded view of opening in rainscreen panel system 3-D exploded view of typical window opening
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Mesh screens

* Lee=
( )
H /
O)
(O Q) 2
Vertical section |:2. Steel rod Vertical section |:2. Mesh cable
incorporated into mesh weave and  formed into eyelet and hung from
supported from eyelets fixed to metal rod
Vertical section |:2. Edge fixing variations for rigid mesh supported on frame backing wall

Details for mesh

Metal support edge frame
Stainless steel mesh
Stainless steel spring

Metal fixing bracket

Metal support rod

Fixing bolt to tension mesh
Floor slab or backing wall
Adjacent curtain wall
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Vertical section and elevation |:2. Mesh hung from shaped metal bracket bolted to 3-D view of mesh hanging detail
supporting structure
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Vertical section and elevation |:2. Mesh weave and support variations

Stainless steel mesh screens have been intro-
duced into mainstream building construction
only in the last ten years. This metal is pre-
ferred for mesh screens due to its durability
and weather resistance when used externally.
Their appearance as a textile rather than as a
sheet material has led to the use of mesh as
'wraps' to facades in a similar way, in visual
terms, to rainscreens. Their purpose is often
to provide a smooth, textile-like surface
across a wall that can conceal a variety of dif-
ferent facade elements immediately behind it.
It has also found favour in car park design,
where open mesh decks are given homoge-
neity with a woven mesh screen. Their vary-
ing levels of translucency can be exploited
both in daylight by providing depth to a
facade that gives some privacy to building
users, and from a night time glow across its
surface generated by electrical light within
the building.

Meshes are of three essential types: rigid
mesh made from rod, mesh flexible in one
direction made as woven wire with rods in

one direction and wire in the opposite direc-

tion, and mesh that is flexible in two direc-

tions which is made from woven wire only.

Rigid mesh

Rigid mesh is made in relatively small sheet
sizes and is suitable mainly for balustrades or
areas of facades where the material can be
supported on a visible frame. It is also used
as external solar shading where its lightness
in weight allows it to be moved in a motor-
ised system.The material is made in both
mild steel and stainless steel but mild steel
requires painting. Polyester powder coating is
the most common finish. Rigid mesh cannot
be tensioned and so it is clamped in a frame
at its edges.

This material is usually made in relatively
small panels of around 1800 x 1500mm (6ft
x 5ft). Stainless steel bars are woven in two
directions, giving the material a stiffness com-
parable to aluminium sheet but with a sur-
face texture much more undulating than per-
forated metal sheet. Rigid mesh can provide
up to around 50% shading. Rod thickness is
typically 1.5mm (0.054in) diameter woven to

form openings of around 6mm x 2mm
(0.25in x 0.08in). Because they cannot be
tensioned, rigid meshes are either held in a
continuous edge frame or supported at
points in the manner of bolt fixed glazing.
They are most commonly used in balustrad-
ing where rigidity of material is an essential
requirement. The economic nature of the
material allows it to be used as both balus-
trading and full height screening as part of
the same design.When used as a balustrade,
the exposed edges of the material are held
captive in a protective edging if not fixed into
a full supporting frame. This avoids injury to
building users. A folded flat sheet or a pair of

flats are commonly used.

Meshes flexible in one direction
These meshes are made with rigid stainless
steel rod in one direction woven and stain-
less steel cable in the other direction. An
advantage presented by the cables is that
they can be tensioned at each end to pro-
vide a large continuous flat area of translu-

cent metal.
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Horizontal section |:10. Regular panels forming internal corner
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Vertical section |:10. Panel to panel connection
detail

Horizontal section 1:10. Internal corner using special corner panel

Vertical section |:10. Panel to panel connection
detail

Details for mesh

Metal support edge frame
Stainless steel mesh
Stainless steel spring

Metal fixing bracket

Metal support rod

Fixing bolt to tension mesh
Floor slab or backing wall
Adjacent curtain wall
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3-D exploded view of mesh panels clamped to frame and supported on steel frame
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Horizontal section 1:10. External corner formed with special frame
extrusion

3-D view of panel connection between mesh screens
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Horizontal section 1:10. Connection between frame supported

metal mesh panels

Most of these meshes come in a maxi-
mum width of around 7500mm (25ft). Since
the material is made as a continuous run, it
can be made in very long lengths, making it
ideal for use in a single run of material from
top to bottom of a facade without joints. In
terms of transparency, the material can vary
from around 25% light transmission to 65%
depending on the weave. The amount of light
transmission can be varied by increasing the
thickness and frequency of cables. The dis-
tance between rods cannot be varied by
reducing the thickness of the cable, allowing it
to be more tightly woven, but more cables
are usually introduced to compensate for the
loss of strength in the cable when tensioned.
Cable thickness can vary from 2.0mm to
2.5mm (0.08in to O.1in) diameter. Rod thick-
nesses can vary from 2.0mm (0.08in) up to
4mm (0.15in) diameter: The weave pattemn can
vary from 4mm x |0Omm (0.18in x 0.37in) to
4mm x 100mm (0.18in x 4in), giving very dif-
ferent visual effects from dense to very open.
In addition, varying densities can be woven
into a single panel, or length, of material.

Meshes flexible in one direction are fixed

- ? ’ =

3-D view of external corner of mesh screen

by tensioning the cables at each end. The
cable is usually set vertically to avoid sag
associated with horizontal laying. The cables
are looped in a secure loop at each end
around a rod or bar: One end is fixed while
the other is tensioned by springs set at inter-
vals along the length of the horizontal bar.
Springs are usually set at the bottom so that
the mesh is first hung, then secured and ten-
sioned at the bottom. Lateral stability to the
mesh over a long run of the material is pro-
vided either by bars woven or fixed into the
mesh, or by point fixings. The point fixings
comprise discs set either side of the mesh to
hold the material in place. A bolt runs
through an opening in the mesh between the
two discs, which is secured back to the sup-
porting structure, typically a floor slab or
backing wall. Meshes will span 2.0 to 2.5
metres (6ft 6in to 8ft) vertically between
points of lateral restraint. Adjacent sheets can
be fixed together by using a bracket with two
bolts in the manner of bolt fixed glazing or by
lapping the mesh panels and using a single
bolt in the manner of a popper on textile

cloths as used in denim jeans, for example.

Applications of mesh using wide strips are
increasingly common, in widths from 5 to
7metres, (16ft to 23ft) hung from continuous
rods and restrained back to a frame at 1.0 to
[.5 metre (3ft 3in to 5ft) centres.

Fully flexible mesh

This material is made as a woven-wire cloth
or as a crimped wire panel. Wires are
crimped down the length of the material and
straight wires across its width. The woven
cloth type is manufactured primarily for small
solar shading screens. It is also used for balus-
trades in continuous long lengths and as ver-
tically- or horizontally-set bands of solar
shading material. Large panels are not inter-
rupted by joint lines. The material is fixed by
tensioning it vertically. Closely woven meshes
have a light transmission of between 1% and
5%, while crimped wire screens vary from
25% to 50%.The tightly woven types are
made in widths from around 1800mm to
2400mm (6ft to 8ft) and are made in very
long lengths. The more open weaves have an
appearance similar to those with cables, using

straight rod in one direction, weaving rod in
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Vertical section |:10. Metal mesh supported from
steel structure on top of regular rainscreen clad
structure

Details for mesh

3-D view of metal mesh fixed to steel frame with
maintenance deck behind
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Metal support edge frame
Stainless steel mesh
Stainless steel spring

Metal fixing bracket

Metal support rod

Fixing bolt to tension mesh
Floor slab or backing wall
Adjacent curtain wall

the other direction around the flat rod. These
open weave types are made in widths of
around 6000mm (20ft) though these sizes
are difficult to use in facade panels since the
support grid of around 2000mm (6ft 6in) is
usually needed to restrain the material. Since
the material is made from rod, metals other
than stainless steel can be used, though typi-
cally copper and bronze are the most com-
mon alternatives. They are less rigid than
stainless steel but can produce quite dramatic
visual effects. A grid of 3mm x [.5mm
(0.125in x 0.0625in) is common in this more

open weave material.

Mesh used on curves
Regular mesh that is rigid in one direction is
difficult to curve, as it is suited to flat, rectilin-

ear designs. Curves can be formed over

lengths of 2-3 metres (6ft 6in to 10ft) by set-

ting out the cables on a curve top and bot-

tom which forces the thin rods in the oppo-
site direction to the curve. However, meshes
are being developed which can take up
curves more easily for complex geometries.
Instead of using cables, loops of stainless steel
strip are woven in loops between rows of
rods. This allows the rods to be bent around
a form or bowed out by brackets, while
allowing the loops to be individually
stretched between each row of rods.Varia-
tions on this type of mesh are set to grow

over the next ten years.

Perforated metal
Non-rectilinear or irregular geometric shapes
in flat or curved form can more easily be

achieved in perforated metal. Although panel



3-D view of metal mesh supported on
steel framework with maintenance deck

sizes are much smaller than tensioned mesh,
a greater range of forms can currently be
made more economically. Perforated metal in
each mild steel (paint or polyester powder
coated) and aluminium (polyester powder
coated or PVDF coated) are used. Both
materials are manufactured with perforations
of different shapes and percentages of perfo-
rations. Circular holes are the most common-
ly used as they are straightforward to manu-
facture. They are also able to have a closely
controlled percentage of perforation by vary-
ing both the size of the holes and their prox-
imity. This makes the material very useful if a
precise shading coefficient (percentage of
solar shading) or light transmission is speci-
fied for a facade. By varying both the hole
diameter and the centres of the holes, differ-

ent visual effects of transparency can be

achieved. Squares and various decorative
motifs are also made but with less control on
precise perforation percentages.

Steel and aluminium sheet are commonly
available in sizes up to around 3 metres x 2.5
metres (10ft x 8ft) in 3mm (0.1 18mm) thick
sheet allowing panels to be reasonably large,
depending on wind load considerations. In
general, the higher the percentage of perfora-
tion, the lower the wind load on the perfo-
rated metal panel. Perforated metal panels
are usually fixed back to an edge frame made
from angle or profile in the same material.
The edges of the metal are usually not perfo-
rated in order to conceal the frame behind.
The increased use of water jet cutting
machines allows for a much greater control
of the extent of pattern on a sheet. Perforat-

ed metal panels are then fixed back to the

Elevation & horizontal section 1:25. Frame hung metal mesh supported from curtain wall glazing system

3-D view of metal mesh supported curved steel
frame
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Vertical section 1:2. Flexible mesh top support | — e S S S S — — —— §
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Elevation & vertical section |:10. Flexible metal mesh supported top and bottom with tensioning springs

Vertical section |:2. Flexible mesh intermediate
support

Vertical section 1:2. Flexible mesh lower support
with tensioning spring

3-D view of metal mesh fixed to steel rod with
tension spring

3-D view of metal mesh fixed in front of glazed facade to provide solar shading. A maintenance walkway
occupies the space between the two systems
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3-D views showing mesh screen supported on
brackets n front of typical wall build-up to act as
solar shading mechanism
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primary structure with a variety of hanging
brackets, ties and struts to suit the design.The
supporting structure is visually very refined if
visible through the metal, particularly at night if
the panel assembly is visible from lighting with-
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Elevation and vertical section |°10. Mesh screen supparted on brackets
- . - in front of typical wall buld-up to act as solar shading mechanism
in the building. A series of forked pin connec-

tions or cast moment connectors are increas-
'ir]gly being used, with tapered tubular framing
members or box sections with complex sec-
tions increasingly being the norm. Because the Details for mesh
. Metal support edge frame®
Stainless steel mesh
Stainless steel spring

Metal fixang bracket

Metat support rod

Fixing bolt to tension mesh.
Floor slab or backing wall
Adjacent curtain wall

metal framing is exposed to the effects of
weather; a high specification paint 1s used for
steel and either polyester powder coating or
PVDF coatings are used for aluminium. Ano-
dising has become more popular in recent

G O s N —

years but requires very dose control in the

factory to avoid visible colour differences

between adjacent anodised panels.
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Mesh screens

Details for mesh

Metal support edge frame
Stainless steel mesh
Stainless steel spring

Metal fixing bracket

Metal support rod

Fixing bolt to tension mesh
Floor slab or backing wall
Adiacent curtain wall

00 v L B —

3-D exploded view of metal mesh fixed in front of
glazed facade with maintenance walkway

3-D exploded detail view of metal mesh fiang method 3-D exploded detail view of glazing connection in metal
and upper floor junction mesh and glazed facade
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3-D exploded corner view of metal mesh panels 3-D exploded view of hooked metal mesh fixing
fixed to steel supporting frame
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Elevation & horizontal section 1:10. Metal louvre
screen with integrated door

Metal louvres are typically used for two pur-
poses: as weather-resisting screens to natural-
ly ventilated spaces such as plant rooms, as
terminations to the ends of air-handling ducts
where they penetrate the external wall, or
alternatively as solar shading on the outside
of facades in front of glazed walls or win-
dows. Glazed louvres are also used to pro-
vide natural ventilation to winter garden
spaces where they also provide light, as in
high level clerestorey glazing or in glazed
walls in winter gardens in housing. Glass lou-
vres are generally adjustable. Metal louvres
are used for air handling ducts or plant
rooms, and can be in single, double or triple
bank depending on the amount of weather

resistance required.

Metal louvres

Louvre panels can be set either horizontally
or vertically. Horizontal louvres have inclined
blades mounted in a frame of the same
material. Some louvres throw the water clear
of the edge of the blade at the front. Others
where more weather protection is needed,

have either a drainage channel at the front, or
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are made as a V-shape in order to drain
water away into the sides of the frame
where it is ejected to the outside at the cill.
Open gauge mesh is usually set at the back
of the louvre panel to prevent the passage of
birds. Louvres without drainage channels are
used in sheltered areas and also where rain
that is blown through the louvre will not
damage the building fabric. Drained louvres
are used where more weather protection is
needed, usually where exposure to the
weather is more severe and where water
penetration through the panel must be
reduced. These drained louvres allow a little
less air movement than the standard types,
and more louvre area is usually provided to
compensate for this. The use of a double
bank louvre ensures that water blown over
the top of the outer blade will run down
the face of the inner blade and be drained
away. The free area from the louvres is
around 50%.

Horizontally-set blades are set 50mm
apart. Stiffener bars are set at centres from
000mm (3ft 3in) to 1500mm (3ft) vertical

centres, depending on blade size and material

| ——

MW

Vertical section 1:10.Ver-
tically set metal louvres

A A A AAR G etails
\ U ( J U\ ll’l l '\J Extruded aluminium
- frame

2. Stick curtain walling -
type carrier system

3. Extruded aluminium
louvre blades

4. Backing wall

5. Louvre panel door

6. Thermal insulation

thickness. These bars are not visible directly
from the outside but can be seen from
below if louvres are set at an angle that
allows views through them. Louvre blades are
fixed to the stiffeners with extruded alumini-
um clips to stiffen the blades. Corners of
frames to louvre panels are mitred and
screwed or welded. The edge has different
profiles to suit being glazed into adjacent cur-
tain walling, and has either recessed joints
between panels, or a wide frame, to suit the
type of additional support needed for the
complete louvred panel width.

Vertically-set louvres have blades set at
an angle (in plan) such that water drains
down the face of the louvres and is drained
away at the bottom of the frame. They are
deeper than the simplest horizontal types
and perform in a similar way to the drained
horizontal types. Their depth also ensures
that views through the louvre panels are
severely reduced. Profiles for vertical louvres
can be both V-shaped and elliptical. The free
area is also around 50%. Panels are assem-
bled in a factory for coupling together on

site. Typical panel sizes are around |.5 metres



3-D detail view of metal louvres
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3-D detail view of frame supported metal louvres used as a shading
device in front of glazed curtain wall
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Horizontal section I:10. Junction between vertically
set metal louvre panels and metal door
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Horizontal section 1:10. Corner arrangement for vertically set metal louvre panels

Vertical section |:10. Door with
vertically set metal louvres

3-D view of frame supported metal louvres used as a shading device in front of glazed curtain wall
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Horizontal section 1:10.Vertically set metal louvres used as shading device

x 2.5 metres (5ft x 8ft) for both vertical and
horizontally set louvres. Larger panels can be
fabricated, but transportation to site
becomes more difficult. Louvred panels can
be arranged in heights up to around 4
metres (I3ft) with extruded aluminium mul-
lions. Above this height, additional steel posts
are required behind panel joints to provide
both support and lateral restraint.

Louvre panels can also be set at inclined
angles but resistance to rain penetration is
significantly reduced on inclined walls that can
be seen from below. Louvres can be set
upside down to avoid views through the
screen, but they provide no weather protec-
tion. In both cases, an additional vertical lou-
vre is set behind to exclude rain.

Banks of louvre blades can also be made
1o tilt to suit varying ventilation requirements,
such as in buildings with a high degree of nat-
ural ventilation. Panels can open and close
from rain and wind sensors forming part of
the BMS (building management system).
Panel sizes are similar to those of fixed pan-
els, that is, 1.5 x 2.5 metres (5ft x 8ft). They

have a single rod set into the edge frame that
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connects all the blades together and which is
pushed up and down by a separate motor or
is connected to a manual winding rod.

Doors are made in the same way as lou-
vre panels but have stiffer frames to suit
movement. They are designed with louvre
panels and are often the same size in order
to conceal their appearance.

Sandtrap louvres are designed for use in
sandy and dusty conditions to prevent most
airborne sand and dust from passing through
the louvre. They consist of vertically-set
C-shaped aluminium profiles which interlock
to provide a continuous barrier: Air passing
through the louvre passes round the inter-
locking profiles while sand is trapped by the
inner profile and falls to the bottom of the
frame.The cill is inclined to ensure that sand
falls out of the bottom of the panel at the
front. Sandtrap louvres remove most of the
sand and dust particles before the air reaches
the filters on mechanical ventilation equip-
ment. Insect screen is also usually provided
and this has little effect on air flow rates.
Maximum sizes are similar to those of other
louvre types in .5 x 2.0 metres (5ft x 6ft

Vertical section |:10 Vertically set metal louvres
used as shading device

6in), though as with all louvre types, larger

panels can be specially made.

Glazed louvres

These have traditionally been poor excluders
of air (high air infiltration rates) but they have
improved significantly in recent years. The
amount of opening can be closely controlled.
They consist of glass blades held in an alu-
minium frame or in aluminium clips, secured
on pivots into an edge frame made from
extruded aluminium profiles. Some clips
holding the glass in place are made from
polypropylene rather than aluminium, to
avoid rattling between the two components.
The most recent development has been in
thin aluminium clips and the use of bolt fixed
glazing to hold the glass in place.

Louvre glass blades are usually made in
laminated glass for safety, though float glass is
sometimes used for small-scale applications.
Solar control glasses are often used to match
adjacent areas of glazing Single or double
glazed units are available. Glass louvre panels
are either hand operated by a wire cable-

type winding handle or are electrically oper-
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Vertical section 1:10. Metal louvre Vertical section |:10. Door with

Vertical section 1:10. Frame supported metal louvre  Vertical section |:10. Metal o=t ;
panel in rainscreen type facade horizontally set metal louvres

screen louvre panel supported in
curtain walling system
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I, Extruded aluminium
frame

2. Stick curtain walling -

type carrier system

= - g 3 - N 3. Extruded aluminium
( A A _\L® l e / louvre blades
[P : V 4. Backing wall

5. Louvre panel door
6. Thermal insulation

Vertical section 1:10. Metal louvre canopy
variations

Vertical section 1:10.Walk on metal
louvre canopy 3-D view of metal louvre canopy

3-D view of frame supported metal louvres at
ground level
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3-D view of mechanically controlled opening glass

louvres in open position

3-D view of mechanically controlled opening glass
louvres in closed position
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Vertical section |:10. Mechanically controlled open-
ing glass louvres in closed position

ated with rods as used in metal louvres. Elec-
trically operated units are generally |500mm
(5ft) high to suit the length of the rods. Pan-
els are coupled vertically or horizontally to
form a large-scale screen of panels. They can
also be glazed into curtain walling systems.
Maximum sizes are bigger than metal louvres
in 2400mm x 2400mm (8ft x 8ft) approxi-
mately, but maximum length of ventilator unit
is around 1200mm (4ft). Automatic opening
types are used as smoke vents in the event
of fire. They provide around 70% free area
when fully open.

Where double glazed units are used, they
are typically in 24mm thick overall units of
4/16/4 (glass/cavity/glass). The outer 4mm is
slightly thicker if a laminated glass is used for

safety. Like single glazed louvres, the maxi-

Vertical section |:10. Mechanically controlled open-
ing glass louvres in open position

mum length of a panel is 1200mm (4ft), but
two are commonly joined to provide an
overall maximum panel length of 2400mm
(8ft). The thicker frames give less free area for
ventilation of around 50%. Although the glass
is insulated for reasons of energy conserva-
tion, frames are not yet thermally broken.
Condensation risk when windows are closed

is assessed for each application.

Solar shading

Metal louvres are also used as solar shading
on glazed facades. Louvres are located either
in panels set away from the external wall or
horizontally projecting from the facade as
cantilevered panels. Louvres are set either
horizontally or vertically to suit the protec-

tion needed from varying sun angles.Vertical-



3-D view of fixed glass louvres with option of inte-
grated photo-voltaic cells

ly-set louvres are positioned forward of the
glass, usually a minimum of 600mm (2f) to
allow a person to pass between the external
wall and louvres for maintenance access and
cleaning. The shading devices are fixed to ver
tical posts or mullions which usually coincide
with the module of the glazing behind, Honi-
zontally-set panels consist of fixed louvres,
usually inclined at 45° to the vertical in order
to maximise the shading effect. The louvres
are fixed to mild steel channels or T-sections
which are n turn fixed to support brackets
projecting through the external wall Where
glazed curtain walling is used. the support
bracket goes through the mullion (vertical
member) where it can be properly sealed
against water penetration. Louvres for both
vertical and honzontal shading usually span

Vertical section & elevation 1:25 Hartzonta) fixed

@ glass lauvres

much further than those used in 1200mm
(4ft) wide opening louvre panels, and need
to be more rigid as a result. Panels project a
maximum of around |000mm (3t 3in)
without additional diagonal tie rods to prop
the panels. Most proprietary systems can
reach 2000mm {6ft 6in} with an additional
diagonal brace,

Elliptical and aercofoil-shaped aluminium
profiles are most commonly used since their
shape is seen outside the building and from
inside, More traditional Z-shaped louvre pro-
files are also used. An advantage of horizon-
tally-set louvres over projecting canopies Is
that they da not require rainwater drainage
that is needed for a continuous horizontal
surface. Small louvre blades are made as a
single extrusion, but larger Jouvres, up to

Details
l. Bdtruded aluminium
frame supporting icuvres
2. Stick curtain walling -
type carrier system to
louvre panels
3. Bdruded aluminium
louvre blade
Backing wall providing
support
Phatovoltaic panet
Adjacent wall construction
Adjacent roof construction
Laminated glass louwre blade
Paint fixang (boit or clamp)
Hinge
Hydraulically operated arm
to operate IoUwes
12, Bxtruded aluminium frame
to glass lauvre
I3, Double glazed unit forming
loUvre
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Vertical Section 1:25. Glass louvres fixed to steel
supparting frame
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Vertical section 1:10. Single glazed louvre window
panels set into metal raincreen facade

Horizontal section 1:10. Single glazed louvre win-
dow panels set into metal raincreen facade
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Details

I. Extruded aluminium frame supporting louvres

2. Stick curtain walling - type carrier system to
louvre panels

3. Extruded aluminium
louvre blade

4. Backing wall providing support

5. Photovoltaic panel

6. Adjacent wall construction

7. Adjacent roof construction

8. Laminated glass louvre blade

9. Point fixing (bolt or clamp)

10. Hinge

I'l. Hydraulically operated arm to operate louvres

12, Extruded aluminium frame to glass louvre

I3. Double glazed unit forming louvre

Vertical section 1:10. Single glazed louvre window
panels in closed position

around 500mm (1ft 8in) in width are made
from an extruded aluminium core to which
curved or flat aluminium sections, usually
3mm (0.1 18mm) thick, are fixed. The ends of
profiles are fitted with extruded aluminium
end caps both for visual reasons and to pro-
tect the inside surfaces from corrosion. Alu-
minium louvres are finished in either PVDF
or polyester powder coating. Blades are usu-
ally fixed at their ends from the centre of the
extrusion at a single point at each end.

Where louvres are motorised, they are
fixed at single pivot points to vertical posts.
Link rods are set into the support post join-
ing each blade in order to operate a set of
louvres from a single motor: Pivots have
nylon bushes fitted to avoid long term rattle
and noise from the moving parts.

Vertically-set louvres use the same varie-

3-D view of single glazed louvre window system in
open position

ty of section profiles and are set on transom
(horizontal) sections that are connected back
to mullions or directly back to the external
wall.Vertical louvre sections using an elliptical
or aerofoil profile can span up to around
3000mm (10ft) vertically without need for

additional stiffeners.

Walkways

Horizontally-set louvres can also be used as
maintenance walkways if they are made suffi-
ciently rigid. T-section aluminium profiles are
used, and have a serrated top to provide an
anti-slip surface. A fall arrest system is used to
secure maintenance personnel to the walk-
way. This consists of a continuous cable or
tube fixed to a convenient point along the
walkway. A maintenance person in a harness

is then linked to the continuous cable or tube
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Horizontal section 1:10. Double glazed louvre win-
dow system set flush with metal rainscreen cladding

Vertical section 1:10. Double glazed louvre window
system in open position

by a secure line. The aluminium T-sections are
fixed to steel |-sections or channels which
span between column supports adjacent to
the external wall, typically at around
7500mm (24ft 6in) centres. The main sec-
tions supporting the T-sections are fixed to
stainless steel or aluminium brackets that
project through the external wall from the
edge of the floor slab.

A recent development in metal louvre
design is in movable types. Louvres are set on
a moving rack which allows them to be
moved from open to closed, using perforated
aluminium sheet to form louvres.When
closed, the louvres create a translucent
screen with 20% to 50% light transmission
(depending on the degree of perforation in
the steel) to 100% light transmission when

open. This allows a glazed wall to deal with

3-D view of double glazed louvre window system
in open position

changing sun angles at different times of day
and different times of year through a change ®
in the angle of the blade only. This system is
used on both vertical and horizontal planes,
for example on large glass facades as wellas &
projecting areas of horizontal glazing within

the facade.The use of more complex metal s

profiles where blades interlock, together Ik

with different perforated metals and their
connection to a BMS (building management
system) is sure to make significant develop-

ments over the next ten years. Such controls | (&)
can reduce energy consumption within a

building by reducing the amount of mechani-

cal cooling needed as well as control glare

from direct sunlight.

Vertical section |:10. Double glazed louvre window
system in closed position set flush with metal rain-
screen cladding
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Metal Walls 06
Louvre screens

Details

I.  Extruded aluminium
frame

2. Stick curtain walling - 3-D exploded view of frame supported solar control
type carrier system glass louvres used as a shading device in front of glazed

3. Solar control glass curtain wall

J'I—ll U\-';‘ﬁ“\.,\.d b L o lv\.- ~ 3‘U|al b TR .Ul sl“ (L} g

louvres used as a shading device in front. of glazed curtan 4. Backing wall

wall - Louvre panel door

6. Thermal insulation
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3-D exploded view of frame supported sofar control glass louvres used
as a shading device in front of glazed curtain wall

Exploded axonometric view of frame supported solar control glass
louvres used as a shading device in front of glazed curtain wall

MCE_ 72



Exploded axonometric of single glazed louvre
window system

Exploded axonometric of mechanically controlled
opening glass louvres

3-D exploded view of single glazed louvre window system

Details

I. Extruded aluminium frame supporting louvres

2. Stick curtain walling - type carrier system to
louvre panels

3. Extruded aluminium
louvre blade

4. Backing wall providing support

5. Photovoltaic panel

6. Adjacent wall construction

7. Adjacent roof construction

8. Laminated glass louvre blade

9. Point fixing (bolt or clamp)

10. Hinge

I'l. Hydraulically operated arm to operate louvres

12, Extruded aluminium frame to glass louvre

I3. Double glazed unit forming louvre

3-D exploded view of mechanically controlled
opening glass louvres

Detailed views of the system

Detailed views of the system
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Vertical section 1:25. Stick curtain wall with opaque
glass spandrel panel

Comparison with unitised glazing
Framed glazing systems are of two types:
stick and unitised. Stick systems are assem-
bled mainly on site, while unitised systems
are assembled in a factory. Stick systems are
well adapted for non-modular construction.
While unitised systems require a repetition in
panel sizes in order to keep the types to a
small number in order to remain economic,
stick systems allow a high degree of freedom
in module size and in facade design. Mullions
and transoms do not need to be continuous;
glazing bars can set out in staggered grids
and can be changed easily from smaller grid
sizes to larger ones. Complex geometries can
be taken up much more easily by stick sys-
tems than by unitised systems. Stick systems
are often preferred for low-rise building,
where scaffolding is used, but the increased
use of mast climbers (moving platforms) is
making stick systems viable for taller buildings
(10 to 20 storeys) where unitised glazing
would otherwise have been used. The
increased dependence on mast climbers is in
part due to the need to be independent of

site cranes, which are increasingly needed to
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3-D view of curtain wall with opaque glass spandrel
panel

service the construction of the primary
structure often being built at the same time,
though usually several floors higher or several
bays away from the glazed walling.

For low rise building, or where there is a
high degree of variation in the facade mod-
ule, stick glazing is often preferred, since the
wall is assembled in place on site rather than
in a workshop, making it very economic
when compared to unitised glazing.
Although off-site fabrication saves time and
can be of higher quality, it is often more
expensive. Sometimes mullions and tran-
soms are pre-assembled into carrier frames
that are lifted in place and fixed without
glass. This 'semi-unitised' approach can save
time on construction where there is some
degree of repetition.

A criticism of stick systems has tradition-
ally been of their poorer quality of assembly
when compared to unitised glazing, but this is
much less the case today. However, bringing
all the components together at the site, of
double- or single glazed units, aluminium pro-
files, rubber-based gaskets and seals, folded

metal flashings and copings, involves a much

Vertical section |:25. Floor to ceiling glazing with
insulated panel at ground level

higher dependence on site-based work to
achieve the quality of construction of the fac-

tory-based unitised systems.

System assembly

An essential aspect of stick systems is that
they should be drained and ventilated in
order to avoid water being drawn through
the rubber-based seals into the building. Rain-
water penetrating the outer seal is drained
away in a ventilated zone that provides pres-
sure equalisation between outside and inside
the system. Pressure equalisation avoids
water being drawn into the system by a pres-
sure difference between two chambers,
resulting in water being drawn through a
joint. Any rainwater entering this zone is
drained away to the outside forward of the
inner seal forming a second line of defence
against air and water infiltration. Most stick
systems now provide a full thermal break
through the aluminium profiles rather than
the partial thermal breaks provided on previ-
ous systems. This reduces condensation risk
on the inside face of the framing in temper-

ate climates. In hot and humid climates, the
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@ | 3-D view of glazed curtain wall with maintenance walkway and glazed
solar shading panels in front
Details
I, Bxtruded aluminium ransom 13, Quter glazed screen
2. Extruded aluminiurm mullion providing solar shading
3. Fixing bracket [4. Thermal insulation
4. Single glazed or double glazed 15, Metal sheet seal
unit to suit I6. Mantenance access deck
application I7. Window glazed in
|: ! ' 5. Pressure plate curtan wallng
- 6. Rubber-based seal 18. Metal honeycomb panel
7. Thermal break 19, Slot in mullion 1o receive =il
y 8. Metal-faced or opaque glass- fixing bracelet for
faced insulated panel external screens, etc
9. Covercap 20, Steel hollow section
{3 | 10. Floor stzb 21 Adiacent wall. Metal rain
I'l. Floor finish screen shown
12, Ceiling finish 22, Smoke seal

Yertical section 1125 Glazed curtain wall with mantenance
walkway and glazed solar shading panels in front

Vertical secton | 25 Curtain wall glazing on steel
carrier frame

—

Horizontal section | 5. Curtain wall glazing on steel
3-D view of curtain wall glazing on steel carrier frame.. carrier frame

MCE_ 77



Glass Walls Ol
Stick glazing

Section 1:5. Junction between double glazed units

Section 1:5. Junction between double glazed unit
and glass spandrel panel

Section 1:5. Junction between double glazed unit
and metal honeycomb panel

Vertical Section |:5. Junction between double glazed
unit and top of inward opening window

Section 1:5. Junction between double glazed unit
and bottom of inward opening window
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Vertical section |:5.Top of slab connection with
insulated slab capping

=

Vertical section 1:5. Underside of slab connection
with insulated slab capping

Section |:5. Junction between double glazed units
using reduced frame size

condensation will occur harmlessly on the
outside face of the framing if the interior is
cooled by mechanical ventilation. In all cli-
mates, a thermal break improves the U-val-
ue of the glazed wall, thus reducing energy
consumption within the building for either
heating or cooling.

Stick glazing is assembled mainly on site.
Mullions (verticals) are fixed to floor slabs
with transoms (horizontals) spanning
between the mullions to which they are fixed.
These framing members can be pre-assem-
bled into 'ladders' on the ground and lifted
into place by crane in order to reduce time
on site. The glass is set in place and pressure
plates fixed through thermal breaks back to
the carrier frame of mullions and transoms.

Decorative cappings are usually applied to

Vertical section |:5. Junction with top and bottom of
slab

®

Section 1:5. Junction between double glazed units
using slim frame profile

the pressure plates to conceal the pressure
plates as well as the self tapping screws hold-
ing the glass in place. Sometimes the cappings
are omitted but care must be taken to
ensure that the screws are properly aligned
and that the pressure plates are continuous
and jointed carefully.

Stick systems are fixed from floor to floor
at either side of the floor slab or on top.The
design of the connection is dependent mainly
on the method of forming the edge of the
floor construction on floor depths or uses of
the adjacent floor zone, and any additional
elements such as brackets for solar shading
or maintenance walkways which penetrate
the stick glazing. The glazing is either hung
from each floor level or sits on each floor

level. Hanging is usually preferred but con-



Details

I, Extruded aluminium transom

Extruded aluminium mullion

Fixing bracket

Single glazed or double glazed unit to suit
application

Pressure plate

Rubber-based seal

Thermal break

Metal-faced or opaque glass-faced insulated
panel

Cover cap

10.  Floor slab

Howon
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3-D view of glazed curtain wall with cut glazing caps

straints imposed by the structure of the
building may require the glazing to be sup-
ported at the base of each mullion. Mullions
are linked by spigots so that the restrained
end of one mullion fits into the supported
end of the other mullion.

Because glazed walling is set forward of
the edge of the slab, the gap between the
two is closed with a floor finish. Seals
between adjacent floors are designed as
either smoke seals or as flame barriers.
Smoke seals comprise a mineral wool or
glass wool barrier; held in place and sealed
with galvanised steel sheet above and below.
Flame barriers, usually of one hour or 90
minute rating are provided by a specially pro-
tected spandrel panel at the level of the floor

zone. The spandrel panel forming the barrier

I'l. Floor finish

12, Ceiling finish

I3, Outer glazed screen providing solar shading

[4. Thermal insulation

I5. Metal sheet seal

[6. Maintenance access deck

I7. Window glazed in curtain walling

18. Metal honeycomb panel

19.  Slot in mullion to receive fixing bracelet for
external screens, etc.

20. Steel hollow section

21. Adjacent wall. Metal rainscreen shown

22. Smoke seal

|

Vertical section |:5. Junction with double glazed
unit and opaque glazed panel with bonded
insulation

is fixed directly to the floor slab as well as
forming part of the curtain wall system.This
ensures that the spandrel remains in place
long after the adjacent curtain walling has
collapsed during a fire. The spandrel panel
itself is usually protected with a fire resistant
board as part of the barrier.

Where glazing is inclined significantly
from the vertical, two-edge glazing is used to
allow the water to run down unimpeded
with transoms. This is a standard method for
glazed roofs, where mullions are capped, but
transoms running across the width of the

slope are sealed with a flush silicone joint.

Framing profiles
Carrier frames are made from a wide variety

of sections. The shape can usually be adapted

Horizontal section 1:5. Junction between double
glazed unit and insulated metal panel
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Vertical section |:5. Opaque glass spandrel panel
with ventilated spandrel zone
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Vertical section |:5. Metal honeycomb spandrel
panel with ventilated spandrel zone
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Glass Walls Ol
Stick glazing

3-D view of connection between double glazed units

3-D view of framed internal corner connection
between double glazed units

3-D views of framed external corner connection between double glazed units

Details

I, Extruded aluminium transom
Extruded aluminium mullion
Fixing bracket

Single glazed or double glazed unit to
suit application

Pressure plate

Rubber-based seal

Thermal break

Metal-faced or opaque glass-faced
insulated panel

9. Cover cap

10. Floor slab

N
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I'l. Floor finish

12, Ceiling finish

I3. Outer glazed screen providing solar
shading

I4. Thermal insulation

|5, Metal sheet seal

|6, Maintenance access deck

I7. Window glazed in curtain walling

|8. Metal honeycomb panel

I9. Slot in mullion to receive fixing bracelet
for external screens, etc.

20. Steel hollow section

21. Adjacent wall. Metal rainscreen shown

22. Smoke seal
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for a specific project. The most common
types are rectangular box sections that use
the full width of the joint, and narrower
T-shaped and I-shaped sections that are nar-
rower than the joint width. Although the
depth of the profile is determined by struc-
tural requirements, the overall shape can be
adapted to suit other needs, such as incor-
porating roller blind guides into the sides of
the vertical profiles. Mullions and transoms
are often not of the same depth, for struc-
tural reasons, but can be made so if
required to support blinds, for example, or
for visual reasons.

Where framing members have long ver-
tical or horizontal spans, mild steel sections
are sometimes used instead of a rectangular
box section in aluminium, particularly if the

equivalent aluminium section would be visu-

Horizontal section 1:5. Internal corner connection
between double glazed units

Horizontal section 1:5. External corner connection
between double glazed units

Horizontal section 1:5. External corner connection
between double glazed units

ally too deep or if the glazing system is fixed
back to a steel frame forming part of the pri-
mary structure. The front part of the extru-
sion containing the seals is fixed directly to a
mild steel box or T-section. The glazing is then
fixed to this extrusion in the conventional
way. If the steel frame has variable or com-
plex curves then the rubber-based seals are
set onto the steel frame without an extru-
sion with a technique commonly used in
glazed roof structures. The glass is fixed with
pressure plates directly to the steelwork with
a rubber-based profile set between the glass

and supporting steel.

Opening lights
Windows, doors and smoke vents are fixed
into stick glazing as items with their own

frame rather than using the curtain wall fram-



3-D view of junction between double glazed unit and insulated

external corner panel

3-D view of external corner connection between double glazed units

ing directly. This is because the opening light
usually needs its own drainage and weather-
proofing profiles and seals. This gives the
appearance of a thicker frame around open-
ing lights than around the adjacent fixed
lights. Drips and seals form a part of the sec-
ondary frame in the same way as if the light
were glazed into any other form of construc-
tion such as an opening in a masonry wall.
The opening light is glazed into curtain wall-
ing around its edge with a thinner frame that
corresponds to the thickness of the glazed
units, allowing it to be fixed in place with the
same technique as if it were a double glazed
unit. These edge nibs are positioned on the
frame to the opening light in a way that
ensures that the glass of the opening light is

in the same plane as the adjacent glass.

corner panel

Parapets, cills and penetrations
Parapet copings are glazed into the curtain
walling with a pressure plate in the same way
as adjacent glazing. Copings usually project to
align with the face of the cappings on the
pressure plates or slightly forward of them to
protect the glazing beneath from the vertical
movement of maintenance cradles. Copings
slope inwards towards a gutter rather than
sloping forwards to avoid dirt accumulating
on the top of coping being washed down the
facade by rain. This also avoids the need for
the coping to project beyond the face of the
glazing and form a drip. It should be noted
that projecting drips on copings are still good
practice in masonry construction, where an
impervious coping washes rainwater onto a
permeable masonry material beneath, caus-

ing staining. Cills at the base of stick glazing

Horizontal section |:5. Junction between double glazed unit and insulated external
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Horizontal section |:5. External corner at spandrel level with opaque glass panels
and ventilated spandrel zone

Horizontal section 1:5. Junction between curtain
wall glazing and rainscreen cladding system
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Glass Walls O
Stick glazing

Horizontal section |:5. Glazing frame
with thin frame

RE g AfGIa

Horizontal section |:5. Framed
external corner

Horizontal section |:5. Glazing frame
at spandrel level with thin frame

Horizontal section 1:5. Glazing frame
supported directly on steel structure

© ®
-~ Details
: | o ! ! L J |. Extruded aluminium transom
. [ [ ) 2. Extruded aluminium mullion
3. Fixing bracket
4. Single glazed or double glazed unit to
suit application

¥ 7 Ln

™

|

Horizontal section 1:5. Junction between insulated
metal spandrel panels

Horizontal section |:5. Inward opening
window fixed into curtain wall system.
Right: 3-D view of glass louvre fixed to
inside of glazing frame

5.Pressure plate
6. Rubber-based seal
7.Thermal break

8. Metal-faced or opaque glass-faced
insulated panel
9. Cover cap
10. Floor slab

Horizontal section 1:5. Glass rainscreen supported
from bracket fixed to inside of glazing frame

Horizontal section 1:5. Glass louvre fixed to inside
of glazing frame
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are formed with a pressed aluminium profile
with a clip at the bottom which provides a
clean line at the bottom of the wall, and
provides rigidity to the profile. Where cill
drips can be seen from below, the folded
edge provides a smooth painted edge which
is also protected from weather corrosion.
Where stick glazing abuts an adjacent
area of wall in a different material, a blocking
profile is glazed into the edge of the glazing
profile, faced with an EPDM foil. The foil is
then bonded to the adjacent wall. Where
glazing abuts metal rainscreens, which is a
common combination, the edge of the metal
return to the rainscreen can also be glazed
into the edge mullion or transom.Where a
projecting cill is required at the base of the

wall, for example, a projecting aluminium cill

is glazed into the curtain walling at the top
end, and projects down over the adjacent
wall in a manner to suit the detailing of the

wall beneath.

Corners

Both internal and external corners are
formed by glazing in a folded aluminium strip
into the mullion on each side of the corner.
Alternatively, a mullion set at 45° is used to
give a thin edge to the facade, with a joint
width similar to that of joints elsewhere on
the facade. Some manufacturers provide
interlocking mullions for use at corners to
allow varying angles at corners on a single
building with a constant abutting of mullions

on the inside face.
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Elevation, vertical & horizontal 1:30. Curtain wall glazing with glass solar shading panels in front.

Spandrel panels

Spandrel panels are made either as a contin-
uous sealed panel, draining in the same way
as the glass panels, or as a ventilated box.
Where metal is used, spandrels can be
formed as trays glazed into the framing with
insulation between. Glazed spandrels are
made either with rigid insulation bonded to
the back of laminated glass or on a sheet of
laminated glass with a ventilated void behind
both to cool the glass and avoid either a visu-
al read-through of the insulation from the
outside or risk of the insulation defaminating
from the glass.When glass is used it is made
opaque (with either method) by screen
printing, etching or a combination of both.
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I'l Fioer finish
12, Ceiling finish

13. Outer glazed screen providing sofar shading
14 Thermal insulation

15, Metal sheet seal

16, Mantenance access deck

| 7. Window glazed in curtain walling

18, Metal honeycomb panet

19 Siot In mullion to receve fixing bracelet for
external screens, etc

20, Steel hollow section

21 Adjacent wall. Metal rainscreen shown

22 Smoke seal

3-D view showing curtain wall glazing with glass
solar shading panels in frant at upper floor junction
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Glassvvails O
Stick glazing

3-D exploded view of stick glazed curtain wall with glazed solar shading panels in front

3-D exploded view of stick glazed curtain wall at floor juncticn
MCE_ 84

Details

1. Btruded alummium transom
2. Betruded aluminium mullion
3. Fixing bracket

4. Single glazed or double plazed unit to
suit applicabion

5 Pressure plate

&, Rubber-based seal

7. Thermal break

8. Metal-faced or opaque glass-faced
nsulated panel

9. Cover cap

10 Foor slab

I'l Floor finish

12. Celing finish

13. Quter glazed screen providing solar
shading

14 Thermal msulation

I5. Metal sheet seal

16, Mantenance access deck

I7. Window glazed in curtain walling
18, Metal honeycomb panel

19, Slot in mullion 1o receive fixing
bracelet for extemal screens, etc

20. Steel hollow section

21, Adjacent wall. Metal ranscreen
shown

22.Smoke seal

3-B exploded view of solar shading panels in front of stick glazed curtain walling



-D exploded view of stick glazed curtain wall with cut glazing caps

3-D exploded view of stick glazed curtain
wall with glazed solar panels at floor junction

3-D exploded view of cormer junction between

double glazed units

\ |
3-D view of corner junction between double glazed
units

A\
3-D view of stick glazed curtain wall with glazed
solar panels at floor junction
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Glass Walls 02
Unitised glazing

Horizontal section 1:5. Connection between uni-
tised double glazed units with glazing fixed from
outside

Horizontal section 1:5. Outward opening window
glazed into unitised panel

The main advantages of unitised glazing in
construction are of speed of installation on
site and of quality control of assembly work-
shop conditions over those on site. For taller
buildings, for those over five or six storeys,
scaffolding becomes much less practical, and
so working from inside the building on a
floor slab is a safer and faster method. Uni-
tised panels are assembled and glazed in the
factory. On site they are secured by brackets
fixed to the floor slab and set side by side,
then rising floor by floor; usually from the
bottom of the building upwards. Panels are
made either as panels set side by side, so that
they can be replaced as complete panels if
accidentally damaged, or be semi-interlocking
where the glass is replaced without moving
the panel. The fully unitised type has wider
site lines (overall frame width) at around
80mm (3in), than the semi-interlocking type
at around 65mm (2.5in). A comparable stick
system would have a joint width of around
50mm 2in). From the visual point of view, the
wider site lines of unitised glazing over stick
glazing is the main disadvantage of this system.

Unitised glazing is much less suited to tall
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Horizontal section 1:5. Connection between uni-
tised double glazed units with glazing fixed internally

Horizontal section |:5. Connection between uni-
tised panels with insulated metal panels fixed from
inside

glazed walls, visually, that have heights greater
than around four metres between floor slabs,
that is, greater than a single panel height. The
framing can appear to be visually very strong,
and instead frameless construction is often
preferred as either bolt fixed or clamped
glazing. Its most common use is in modules
of 1200mm or 1500mm wide (4ft or 5ft)
where it suits the internal planning of office
buildings, but storey height panels 3 metres
wide are used. Because of the cost of setting
up jigs and tools in the factory, unitised glaz-
ing is suited to use with a small number of
panel types to create a high level of repeti-
tion. This suits very modular facades with rel-
atively few panel types. Glazed units are fixed
either with pressure plates, or are silicone-
bonded to a light frame around the edge
and then mechanically fixed to the frame of
the panel.

Glazed units are fitted either externally
or internally depending on the glass replace-
ment method. When glazed externally, mul-
lions and transoms are adapted to have a clip
on the outside to form a pressure plate.

Where glazed units are internally glazed, clips

@

Vertical section |:5. Connection between externally
glazed unitised panels with double glazed units and
inulated metal panels

are used which project from the sides of the
mullion/transom section. This results in inter-
nally glazed sections usually being wider than
those glazed externally. When glazed exter-
nally, a maintenance cradle is used with the
capacity to lift glass and allow the panel to be
lifted in place. This method allows glass to be
replaced where it is either impractical to
carry the glass through the building or where
glass sizes are too large to enter stairwells or
lifts. When internally glazed, glass units are
carried up either in a lift or by stairs and are

installed entirely from the floor plate.

Jointing panels

Most panels are made one storey-height, but
larger panels are made to span two floors
and one bay wide or one storey high and
several bays wide. Those larger panels are
usually done where installation time is critical.
Like stick glazing, panels are either hung from
the top or are supported at the bottom.
Instead of a straightforward spigot between
storey height lengths of mullion, panels are
tied together with a 'stack’ joint, so-named

from the concept of panels being stacked



Horizontal section 1:5. Outward opening window Vertical section I:5. Connection between unitsed
glazed into unitised panel double glazed panels with externally fixed glass
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Horizontal section |:5. Stick mullion in unitised
panel
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Horizontal section 1:5. Connection between uni- Vertical section |:5. Unitised panel connection at Vertical section |:5. Outward opening window
tised panel and structure ground level glazed into unitised panel
Details
I. Interlocking transom
2. Plain transom
3. Interlocking mullion
4. Single glazed or double
glazed unit to suit application
5. Pressure plate
6. Rubberbased seal
7. Thermal break
8.  Metal parapet coping
9. Metal-faced or opaque glass-

faced insulated panels
10. Floor slab
I'l. Floor finish
12, Ceiling finish
I3. Outer screen providing
solar shading
4. Thermal insulation
I5. Sheet metal seal
6. Cover cap
I7. Smoke seal
18. Support bracket

3-D view connection between unitised double glazed panels
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3-D view of frarneless glass corner
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Horizontal section 1:5. Framed glass connection
within unitised external corner panel
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Horizontal section |:5. Frameless external glass corner in externally glazed unitised panel

above one another. The complete bottom
horizontal edge of the panel intersects with
the top edge of the panel below.This joint
comprises two lines of defence against air
and water infiltration, and a further air seal at
the interior face of the panels. In stick glazing,
seals are provided by a set of pressure plates
applied when the carrier frame and glass are
already in place. In unitised glazing, the water-
proofing is mostly fixed to the panel before
installation and has to work when panels are
simply slotted into place. An outer line of
defence is provided by rubber-based baffles
set on each panel so that they press together
to form a seal. An aluminium drip profile is
sometimes added to the outside of this as a
first barrier against wind, but allowing water
to drip out again behind this profile. Any
water passing through this profile is stopped

in a pressure equalised chamber that stops
water getting any further This is drained
through the forward baffle and out of the
front of the panel. At the back of the joint is
an air seal. In warm humid countries, this rear
chamber is usually ventilated to the outside
as well as to release condensation that inevi-
tably forms in the full depth of the profile. In
this detail, the performance of the inner air
seal is critical to the success of the system.

The vertical joint between two panels is
formed as a vertical continuity of horizontal
joints. The forward baffle forms an outer seal,
the inner seal is lapped onto the horizontal
joint, and the inner air seal is continuous with
its horizontal counterpart.

Both horizontal and vertical aluminium
profiles have a thermal break set near the

external face to avoid thermal bridging. How-



Vertical section |:5. Outward opening window
glazed into unitised panel

ever, since external air is allowed deep into
the joint, thermal calculations are undertaken
to check that the dewpoint falls in the pres-
sure equalised drainage cavity. Spandrel pan-
els are formed in the same way as with stick
glazing with metal or glass panels. The tran-
som dividing spandrel and glazing beneath is
formed as one division within the unitised
panel, though it can sometimes be at the
position of the stack joint if the panels are
seated on the fixing bracket at slab level rath-

er than hanging from it.

Opening lights

Opening lights such as smoke vents are
formed within each panel with a secondary
frame inserted within the edge frame of the
panel. Doors are usually made as separate

items that are glazed into the adjacent frame,

3-D cutaway view of parapet connection at top of opaque unitised panel

unlike stick glazing where doors are glazed
into the stick system, making the overall
widths greater. However, air infiltration rates
for doors are usually half that of unitised glaz-
ing at around 300 Pascals for doors when
compared with 600 Pascals for unitised glaz-
ing. Stick glazing provides similar levels of air
infiltration. The poorer performance of tradi-
tional doors can sometimes lead to the use
of window profiles as doors since they have
much lower air infiltration rates, some match-

ing those of curtain walling.

Corner panels, parapets and cills
An advantage of unitised glazing is its ability
to have frameless glazed corners, which is dif-
ficult to achieve in stick glazing, since the seal-
ing joint between the two glazed units has to

be achieved on site, where curing of the sili-

Details

2.
3.
4

N0 O N o

10.
I
12.
13.

14.
I5.
16.
17.
18.

Interlocking transom
Plain transom
Interlocking mullion
Single glazed or double
glazed unit to suit application
Pressure plate
Rubber-based seal
Thermal break

Metal parapet coping
Metal-faced or opaque glass-
faced insulated panels
Floor slab

Floor finish

Ceiling finish

Outer screen providing
solar shading

Thermal insulation
Sheet metal seal

Cover cap

Smoke seal

Support bracket
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Glass Walls 02
Unitised glazing

Horizontal section 1:5. Unitised curtain wall support-

ed from floor slabs with opaque spandrel panels
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Vertical section |:5. Unitised panel hung from top
of slab with opaque glass panel to hide slab edge

@

Vertical section |:5. Connection between opaque glass spandrel panel and double glazed
unit with stick transom at suspended ceiling level

cone is much more difficult than in the facto-
ry. Corner units with frameless corners are
made by supporting the glass on three sides
in a frame and bonding the two sides togeth-
er. Usually a small square aluminium section,
30mm x 30mm (I.2in x 1.2in) approximately
to match the thickness of the double glazed
units, is used to support the corner of the
panel when it is lifted by crane. This makes
the corner of the panel slightly less all-glass
than can be achieved by a double glazed bay
window for example, with a fully glazed cor-
ner. In such a bay window the glass can be
joined without the need for an additional alu-
minium post, using either a stepped or mitred
joint. In a fully glazed corner in a unitised
panel, the appearance of the corner is still

around 40mm (1.5in), since the visible edging

to the double glazed unit visually widens the
joint to around 40mm. Panels can be formed
either as equal corners, with up to around
[500mm (5ft) from each corner to a short
corner of 1500mm (5ft) on one leg and
300mm (Ift) on the other leg. As the size of
the corner panel increases, it becomes more
difficult to lift and set in place, and conse-
quently becomes more expensive. A corner
unit with a framing member at the corner
can be made either with a frame visible, or
visible only from the inside, with a glass-to-
glass junction as described in the paragraph.
Sometimes the joint occurs on the corner of
two flat panels, with either a mitred corner
or a square corner with an infill piece.

Both parapets and cills are formed in a

similar way to those used on stick systems,



Vertical section 1:5. Unitised panel connection to top of floor slab

with insulated metal slab capping

Vertical section 1:5. Unitised panel connection to underside of floor

slab with insulated metal slab capping

but are formed as separate panels unlike stick
systems which are glazed into the top tran-

som at roof level.

Penetrations

Penetrations through glazing for brackets,
usually fixed at floor level to fix them back to
the floor slab, occur at joints between panels
through mullions or transoms. This is because
the bracket can be far more easily sealed at
this point, where the glazing system is drained
and ventilated internally, than through span-
drel panels, where it is difficult to apply a seal
and where no mechanical pressure can be
applied to the spandrel panel since there is

no framing member behind.

3-D view of unitised panel connection to top of floor slab

Silicone-bonded glazing

A development over the past ten years has
been in silicone-bonded glazing. Although this
is used in unitised systems, it is also used par-
tially in stick glazing. The glass is restrained on
two vertical sides by pressure plates and two
horizontal sides by silicone. Alternatively, the
glass is bonded on all four sides by silicone.
This method avoids the need for visible cap-
pings for mullions and/or transoms which are
often around 1.5 times wider than an equiva-
lent stick system.The use of silicone allows
the joint between glass units to be flush rath-
er than using a pressure plate which is set in
front of the glass. This allows the facade to
have no visible framing on the outside. Sili-
cone is also used in the joint since this mate-

rial cannot be combined with an EPDM, such

3-D view of unitised panel connection to underside of floor slab

Details

I. Interlocking transom

2. Plain transom

3. Interlocking mullion

4. Single glazed or double

N N o

10.

12.
I3.

14.
I5.
16.
17.
18.

glazed unit to suit application
Pressure plate

Rubber-based seal

Thermal break

Metal parapet coping
Metal-faced or opaque glass-
faced insulated panels

Floor slab

Floor finish

Ceiling finish

Outer screen providing
solar shading

Thermal insulation

Sheet metal seal

Cover cap

Smoke seal

Support bracket

MCE_ 91



Glass Walls 02
Unitised glazing

Horizontal section |:5. Connection between uni-
tised double glazed units with glass bonded to
frame

Horizontal section |:5. Connection between double
glazed unit and opaque glass unit with glass bonded
to frame

Horizontal section 1:5. Stick mullion in unitised panel

Q

®

Horizontal section 1:5. Outward opening window within unitised panel with glass bonded to frame

as neoprene, used in seals in pressure plate
systems.

The glass units are bonded to aluminium
profiles to form a light frame at the edge of
the glass. The glass is then mechanically fixed
with screws to the carrier frame on site. This
technique is increasingly used in unitised sys-
tems where damaged glass can be removed
without the need to remove the complete

panel. Although silicone-bonded glazing

allows a facade to appear from the outside as

a continuous glass surface interrupted only
by smooth and narrow joints, with 20mm
(0.78in) rather than 50mm (2in) minimum
with pressure plates, the opaque zone across
the frame is the same overall width as with
pressure plates. This is because the area
behind the double glazed units is made
opaque with screen printing in order to con-
ceal the width of the carrier frame behind.
Some manufacturers bond a light alumin-
ium frame around the edge of the frame
within the depth of the double glazed unit,
fixing the glass with short lengths of pressure
plate in the conventional manner; then apply-

ing sealant into the joint. Sometimes the glass
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3-D view of unitised double glazed panel with glass
bonded to frame

is secured by additional short clips along the
horizontal edges to increase the safety of the
system, but building codes around the world

differ in this requirement.
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| Details

I Interlockmg transom

g 2. Plan transom

. 3. Interlockmg mullion
4. Single glazed or double

glazed unit to surt application

S 5. Pressure plate

@ 6. Rubberbased seal
7. Thermal break
8. Metal parapet coping
9. Metal-faced or opaque glass-

faced insulated panels

Q. Floor slab
I'l. Floor finish
12, Ceiling finish

® 13, Outer screen providing

- solar shading

[4. Thermal insulation
|5, Sheet metal seal
6. Cover cap
17 Smoke seal

@ 18. Support bracket
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Horizontal section 1:5. Unitised corner panels with glass bonded to frame

Horizontal section 1:5. Framed internal corner with- ~ Horizontal section |:5. Framed external corner
within unitised panel using bonded glass

in unitised panel using bonded glass

]
N0 g
g @
Vertical section 1:5. Stick mullion in
unitised panel
bt
@ |2
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Vertical section |:5. Connection
between unitised double glazed
units with glass bonded to frame

Vertical section |:5. Outward
opening window within unitised
panel with glass bonded to
frame

3-D view of unitised panel hung in front of slab incorporating double glazed
unit and opaque spandrel panel

Horizontal section 1:5. Internal corner connection
between unitised panels with bonded glass
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3-D view of unitised window with louvre system in front

3-D view of unitised window system

3-D exploded view of unitised window or:nponents
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3-D exploded view of window and louvres

Details

s i a—

W o

10.

12.
13.

14.
15.
16.
17.
18.

3-D detailed view of window frame

Interlocking transom
Plain transom
Interlocking mullion
Single glazed or double
glazed unit to suit application
Pressure plate
Rubber-based seal
Thermal break

Metal parapet coping
Metal-faced or opaque glass-
faced insulated panels
Floor slab

Floor finish

Ceiling finish

Quter screen providing
solar shading

Thermal insulation
Sheet metal seal
Cover cap

Smoke seal

Support bracket




3-D exploded view of slab connection at

top and bottom of untised panel o
P P Exploded axonomentric view of slab connec-

tion at top and bottom of unitised panel

3-D view of slab connection at top
and bottom of unitised panel

3-D exploded view of parapet connec-
tion at top of unitised panel

3-D view of parapet connection at top of unitised panel

Exploded axonometric view of parapet
connection at top of unitised panel
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Y { ) Vertical section 1:25. Clamped glazing outer layer in
\"r TI/ double skin facade with maintenance walkway
Details
I. Stainless steel patch plates
2. Single glazed or double glazed unit to suit
application
a 3. Silicone seal
4. Glass fin
5. Support bracket
6. Floor slab
7. Ceiling finish
{13 8. Floor finish
i 9. Access ladder
{] = £ 10.  Clamped glazed wall
) o ) o ) I'l. Inner framed curtain walling
Horizontal section & elevation 1:25. Glass clamped at corners to fixing suspended from 12, Fixing bolt
cable support. I3. Maintenance access deck
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3-D view glazing clamped at corners and supported from cables

This glazing method is suited primarily to sin-
gle glazing but double glazed examples are
being constructed that avoid some of the
wide joints resulting from the visible black
edges of double glazed units. The sealant
between double glazed units is also usually

black to match the unit edges.

Comparison with bolt fixed glazing
As a method of frameless glazing, clamped
glazing is more economical than bolt fixed
glazing. Whereas bolt fixed glazing requires
drilling of glass, clamped glazing does not, as
glass is fixed with patches or clamps that pass
through the joint between the glass sheets or
double glazed units. The ability of clamp
brackets to be simple and easily made allows
the glass to be supported at different angles
to one another in a tiled, non-planar manner.
Glass has been lapped in the manner of tra-
ditional patent glazing and tiled in the manner
of wood shingles, where glass is lapped on
two edges to give a rich, undulating texture
across glass facades. Because the facade is
more visually vibrant, the fittings themselves

can also project from the facade to allow less

expensive stainless steel angle-type brackets
to be used.These contrast both in the
appearance and higher costs associated with
bolt fixed glazing. A disadvantage of clamped
glazing is that glass thicknesses are usually
thicker than those in bolt fixed glazing, where
the distances between fixings are reduced
(reducing the span of the glass) by setting
them into the material.

This combination of easily fabricated, eas-
ily modified brackets and fixing through the
joint allows a geometrically complex facade
to be fixed back to a rectilinear; economic
supporting structure. This contrasts with the
need to repeat expensive bolt fixings where
there is little possibility of changing the
geometry to allow for different fixing posi-
tions of the glass.

Clamped glazing is increasingly used in
rainscreen configuration with open joints or
open, lapped joints with an accessible area
behind, as used in "twin wall' glazed facades.
The outer screen acts primarily as a weather
barrier; allowing the inner wall to have open-
ing windows where they would otherwise

not be possible, as in tall buildings or build-

3-D view of corner clamped glazing system

ings in areas of high ambient noise. The rain-
screen principle has been developed further
to avoid fixing clamps directly to the glass but
instead to silicone bond an edge frame
around the glass and fix the frames back to
supporting structure with clamps. This sili-
cone-bonded variation of clamped glazing is
very useful in opaque or translucent glazing
in a full rainscreen to an opaque backing wall.
Joints between the glass can be sealed with
rubber-based strips to avoid dirt getting into
the void behind the glass and staining the
back of the glass. The advantage of this sys-
tem is in clamping the glass by means of a
secondary frame that avoids penetrating an
outer seal, thus making it suitable for glass
rainscreen walls without visible framing and
without the need for cleaning the inner face

of the glass sheets.

Patch plate glazing

This method uses angles and plates that are

bolted through the glass rather than through
the joints. This is an earlier form of frameless
glazing and was the forerunner of bolt fixed

glazing. Although cheaper than bolt fixed glaz-
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3-D view of glazing supported
by spider clamp hung from
cable truss

ing, it is restricted to single glazing. Glass
sheets are fixed at their corners with a patch
fitting that connects four sheets together. Like
framed glazing in either stick or unitised sys-
tems, the glazing is either hung from the top
with either brackets or continuous stainless
steel angles fixed back to the primary struc-
ture, or seated on support angles at its base.
Patch fittings are not usually at top or base of
a wall. Instead, continuous angles or a glazing
channel is visually preferred both top and
bottom in order to provide a weathertight
seal. Clamped angles are used where they
are concealed beneath floor finishes. Glazing
channels are used either for convenience or
where the channel is visible at floor level.
Where glazed balustrades are used, these
clamps are not sufficient for cantilevered
glass, that is, where the glass is fixed only at
floor level and not restrained at the level of
the handrail. Doors are fixed using patch
plates where the door is hung, and are seat-
ed on pivots, with a floor spring when the
door is supported at floor level. Where patch

plate glazing is hung from the top, doors are
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also hung in order to accommodate move-
ment in the supporting structure. Similarly, if
the glazed wall is supported at its base then
the door should also be supported at floor
level. If the glazing is hung and the door is
supported differently, at its base, then a differ-
ence in movement between wall and door
will either damage the door or prevent it
from working properly.

The use of bolts through the glass
makes the size of each patch plate relatively
big compared with other clamping methods,
with up to four bolts per fixing in elevation.
This method is often used with glass fins,
that provide stability, in an all-glass wall. The
brackets securing the fins can have from
four to six bolts per bracket, giving a very
strong appearance. Since stainless steel
brackets and bolts are required for durabili-
ty (mild steel is not sufficiently durable),
these brackets are finished as polished to
avoid surface tarnishing. The use of this pol-
ished finish gives this glazing a very particu-
lar appearance which is difficult to adapt to

something lighter: Although the glazed wall

3-D detall view of glazing
‘supported by spider clamp
hung from cable truss

itself is very transparent, the patch fittings

have a strong visual presence.

Clamped glazing

This method avoids drilling through the glass
by passing through the joint between glass
sheets or units rather than by drilling holes in
the glass itself. This allows double glazed units
to be used, since plates either side of a unit
can be clamped at its edge strip.

The disc or square plate either side of
the joint is secured together and fixed back
to a supporting cable, rod or tube structure.
This method is more economic than the
patch plate type, but still requires compara-
tively large discs to secure the glass. The use
of discs has been combined with stick glazing
where the discs are used to secure the glass
to stick glazed aluminium extrusions. Glass is
set into rubber-based gaskets fixed to the
carrier frame and discs are used to hold the
glass in place. The gap between the double
glazed units is filled with silicone sealant. This
has the advantage of being a drained and

pressure equalised (ventilated) system.



Vertical section & elevation 1:25. Clamped glazing
supported from cable truss spanning between
concrete slabs

Details

I, Stainless steel patch plates

2 Single glazed or double glazed
unit to suit application

3. Silicone seal

4. Glass fin

5. Support bracket

6. Floor slab

7. Ceiling finish

8. Floor finish

9. Access ladder

10. Clamped glazed wall

Il Inner framed curtain walling
| 2. Fixing bolt

13. Maintenante access deck
|4, Fixing bracket

I'5. Extruded aluminium mullions
| & Opaque Glazing

| 7. Ground Slab

18. Backing Wall

19, Inclined and lapped giass

20. Cable support

21. Comner clamp

22 Cast metal fixing bracket
23, Clamp bracket

24. Metal parapet coping

25. Thermal insulation
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Elevation |:5. Spider clamp supporting glass panels

Vertical section I:5. Spider clamp hung from cable
truss supporting glass panels

Horizontal section |:5. Spider clamp hung from
cable truss supporting glass panels
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The glass is fixed back to either cables or
rods if the glass is hung, or back to a tube if
the glass is bottom supported. If top hung,
cables or thin rods are hung from the top
and tensioned at the bottom.The glass is
fixed to the cables with discs, usually at the
edges of the glass to reduce the number of
cables to a minimum. If wide sheets of glass
are used, then the glass may be supported in

from the edge.The use of cables provides a
very thin wall, but with deflections that are
much higher than a framed wall. Maximum
deflections can reach up to 600mm to 800m
(2ft to 2ft 8in) for walls around 20 metres
(65ft) high, but this can be safely accommo-

dated within the structural design. The usual
difficulty is in accommodating doors which

can deflect only tiny amounts in order to

3-D detail view of glazing supported by spider clamp hung from cable truss

function normally. Doors are usually set into
a separate frame and do not form part of
the cable structure. If the glazing is supported
at its base, then supporting steel tubes pro-
vide much more stiffness in the glazed wall,
but with a more visible supporting structure.
An advantage of such a supporting structure
is that the glass can be fixed with a wide
range of different geometries. Lapped glazing
or 'fishscale' or 'shingled' glazing is possible.
Glass is held in a bracket that can support
the bottom of the glass in a different position
from the top of the glass below. With double
glazed units the glass can be drilled to com-
bine the advantage of clamped glazing with
the seals provided by extruded silicone gas-
ket flippers' that exclude rainwater without
being punctured by the brackets, which pass



3D view of toggle fixed glazing connection

through holes in the glass beneath. Such
brackets are 'shoes' which support the glass
usually away from corners to avoid the cor-
ner of the glass being unevenly supported.
The glass is not structurally supported along
its vertical edges as it is easier to sit them in
the shoes. Sometimes clips along vertical
joints are used for lateral restraint but this
depends very much on the specific design.
An alternative method of fixing the glass
is to use a silicone-bonded frame around the
glass and fixing that to cables or steel tubes.
The joint between the glass is sealed with
extruded silicone gaskets that can provide
two lines of defence against windblown rain
instead of the single line provided by site-
applied silicone sealant. The use of extruded

silicone allows the seal to be fixed to the unit

(WL P | e

| Stainless steel patch plates
2.Single glazed or double glazed
unit to suit apphication

e IE muan

8. Floor finish

9 Access ladder

10. Clarnped glazed wall

3. Silicone seal I'l. Inmer framed curtain walling

4 Glass fin 12 Fixing bolt

5. Support bracket I 3. Maimenance access deck
&. Floor slab 14. Fxing bracket

1 5. Bxtruded aluminium mullions
16, Opagque glazing

17 Ground slab

18, Backing wall

19. Inclined and lapped glass
20, Cable support

21. Corner clamp

22, Cast metal fixing bracket
23. Clarnp bracket

24, Metal parapet coping
25.Thermal insulation
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Horizontal section |:5. Double glazed units fixed to
supporting frame with ‘toggle’ connection and

|
[

in the factory, allowing the wall to be built in

the manner of unitised glazing without the
need for site scaffolding. Units are fixed from

mast climbers or from scaffolding.

Opaque glazing

This system comprises single glazing bonded
back to aluminium frames which are clamped
to a supporting structure, typically a con-
crete blockwork wall or hollow terracotta
block. Clamps are fixed between joints from
the front as short lengths of pressure plate.
Alternatively, panels may be hooked onto
rainscreen-type support brackets before
being clamped in place. Unlike rainscreen

construction, the joints between panels are

sealed with an extruded profile or rubber-

3-D view showing spider clamp hung from cable
truss supporting glass panels

based seal onto which the glass is fixed. Para-
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Glass Walls 03
Clamped glazing

@)

Horizontal section 1:10. External corner connection
of glazing clamped to aluminium carrier frame

Vertical section |:10. Glazing clamped to aluminium
carrier frame
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Horizontal section 1:10. Connection between wall
and glazing unit clamped to aluminium carrier frame

Horizontal section 1:10. Internal corner connection of

glazing clamped to aluminium carrier frame

pets are partially ventilated to avoid most of
the water ingress but allow some ventilation.
The bottom is also ventilated, allowing mois-
ture to find its way out. Opaque glazing can
be easily integrated into adjacent areas of
clear glazing by setting the aluminium extru-
sion away from the edge and fixing the edge

of the glass into the adjacent glazing system.

Sealing clamped glazing

With all forms of clamped glazing, the move-
ment or deflection of any fixed edges must
be compatible with that of the general sup-
port system.This is particularly important in
the case of cable-supported glazing, where
high deflections associated with the cables
must be integrated with the small amounts of
movement when the glass at the edge of the

wall is fixed onto an adjacent form of con-

© zel |
Horizontal section 1:10. Connection between
glazing units clamped to aluminium carrier frame

Details

| Stainless steel patch plates
2.Single glazed or double glazed
unit to suit application

3. Silicone seal

4. Glass fin

5. Support bracket

6. Floor slab

7. Ceiling finish

8. Floor finish

9.Access ladder

10. Clamped glazed wall

I'l. Inner framed curtain walling
| 2. Fixing bolt

I 3. Maintenance access deck
[4. Fixing bracket

|'5. Extruded aluminium mullions
|6. Opaque glazing

| 7. Ground slab

I8. Backing wall

[9. Inclined and lapped glass
20. Cable support

21. Corner clamp

22. Cast metal fixing bracket
23. Clamp bracket

24. Metal parapet coping
25.Thermal insulation

struction such as a reinforced concrete wall.
The edge channel or fixings must allow the
glass to rotate within it to take up movement
from deflection in a cable supporting the
other end of the glass. Seals are usually
formed by glazing channels or steel angles
that provide a weathertight seal. High
amounts of movement can be taken up at
junctions with a flexible metal strip that is sili-
cone-bonded to the edge of the glass to pro-

vide a flexible seal.
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Vertical section |:5. Lapped glazing in clamped
fixing supported on steel frame
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Vertical section |:5. Double glazed units clamped |
to steel frame
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Horizontal section 1:5. Lapped glazing in clamped Horizontal section 1:5. Double glazed units ||||
fixing supported on steel frame clamped to steel frame
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Horizontal section 1:25. Clamped glazing in lapped and flush panel arrangement

Vertical section 1:25. Clamped glazing in lapped and
flush panel arrangement

3-D views showing lapped, clamped glazing fixing method supported on steel frame
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Details

I Stainless steel patch plates
Single glazed or double glazed
urit 1o suit application

3 Silicone seal

4 (Glass fin

5  Support bracket
6. Floor slab
7

8

[ad

18.  Backing wall

19 Inclined and lapped glass
20. Cable support

21 Comer clamp

22 Cast metal fixing bracket
23 Clamp bracket

24, Metal parapet coping

25 Therraal insulation

26, 5ingle or double glazed unit

Ceiling firish

. Floor finish
9. Access ladder
10.  Clamped glazed wall
11, Inner framed curtain walling
12, Fixing boit
13, Maintenance access deck
14 Fixing bracket
15, Extruded aluminjum mullions
16. Opague glazing
17. Ground slab
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3-D exploded detail overview of glazing system clamped at
corners and supported from cables

3-D exploded overview of one storey of glazing system
clamped at corners and supported from cables
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l 3-D exploded view of fixing detail for glazing 1
3-D fragment views of lapped, clamped glazing system, in-tact and exploded supported by spider clamp hung from cable truss

3-D detail view of I'apped. clamped glazing
system fixing

I l

I | |
3-D exploded fragment view of one storey of glazing system  3-0 exploded detall view of lapped, clamped

rlamned at rrumers and < innorted frrmn rables  alasine cockem fvane
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Brtical section |:10. Section thirgugh
| olt fixing element

Flevation 1:10.'H’ style bolt fixing connaction

Like clamped glazing, bolt fixed glazing has a
high degree of transparency provided by the
bolts which replace the need for metal fram-
ing around the edges of the glass sheet or
double glazed units. One of the main advan-
tages of bolt fixed glazing is the small size of
the fixings when compared to the larger and
more frequent clamped fixings. This system
can also be double glazed much more easily
since a spacer can be introduced into double
glazed units during manufacture, away from
the edge of the glass, where it also has the
advantage of reducing the glass span, thus
minimising glass thickness. However, the sight
lines associated with double glazed units are
almost the same as those for stick glazing,
with the black line around the edge of two
adjacent units, plus a 20mm (0.78in) average
joint in silicone giving an overall 50mm (2in)
thick joint width in a dark colour. Since the
edges of double glazed units are made
opaque to conceal the edging strip, translu-
cent silicone is not used in the joint between
two opaque edges. Instead, a dark coloured

silicone is used, usually black.
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Wertical section | 0. Section through
glazing

i

Support methods

In common with some other glazed wall
types, bolt fixed glazing is either hung from
the top of the unit or is supported at the
bottom.When hung from the top, bolt fix-
ings are secured to stainless steel cables or
rods fixed at the top and tensioned at the
bottom. Fixing tolerances are provided in
three directions: vertically, horizontally and
laterally. Because the joints between the
glass units or sheets are visible, and need
to be well aligned, and the fact that the
glass is drilled during the manufacture of
the glass, fixing tolerances have to be pro-
vided by the bolt fixing and its connection
to the supporting bracket.

The bolt fixings themselves vary in com-
plexity from economic types where a thread-
ed bolt is secured with nuts to a fixing brack-
et, to sophisticated types where all threads
are concealed behind sleeves to give a very
smooth appearance. All bolt types allow rota-
tion to occur between the glass and the fix-
ing usually to a maximum of 12 degrees. A

ball joint is housed where the fixing intersects

3-D views of cable supported 4 poin
‘spider’ fixing element

with the glass for this purpose. Any sleeve
that is set over the threaded rod behind the
disc is positioned so that it does not interfere
with the free movement of the ball joint.
Support brackets to bolts are either cast or
are machined and welded from plate. The
choice will depend largely on shape and the
number of brackets needed, since castings
are economic only in large numbers cast
from a single mould. Castings can be formed
to take up complex geometries that look
very cumbersome in welded plate, but are
more expensive and time-consuming to pro-
duce, except in large quantities. The choice of
painted mild steel or stainless steel (polished
or brushed) for the support bracket is very
much a visual decision, particularly where a
large amount of welding is required. If the
welding is not performed to the highest
standards then the results can be visually dis-
appointing. However, the bolts themselves
are always in stainless steel. Junctions
between mild steel and stainless steel are iso-
lated to avoid the strong electrolytic corro-

sion that occurs between these two metals.
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Vertical section |.25. Double skin glazed facade

bolt fixed to steel framewark.

Detals

i
2.

3

oo e

10
il

4.

i5

16,

Cast steel connector
ild steel or stainless steel
angle bracket

Single glazed or double
glazed unit to suit
application

Outter silicone seal with
inner rubber-based
extruded seal

Insulated panel
Bolt-based cable end
Stainless steel bolt fixing
Steel connector fixed to
steel tube

Stainless steel cable
Floor slabfstructural wall
Glazing channgl at floor
level

Structural colurmn
Congrete shown

Steel arm for lateral
support

Steel rod

Glass fin

Single glazed solar shading
glass
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Vertical section {:10. QOpen joined bott fixed
connection between glass units
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3-D view of 'H' style bolt fixing connection  Elevation 1:10."X" style bolt fixing connection
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Bolt fixed glazing

&

Vertical section 1:10. Silicone sealed corner connection
between bolt fixed glazing with external structure

Q. B
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Vertical section 1:10. Siicone sealed connection
between bolt fixed glazing with external structure

il 4

3-D wview of cast aluminiurm spider clarmp for balt
foding glazing
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Vartical section |10, Silicone sealed connection
between boit fixed glazing at floor level
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Vertical section |:10. Silicona sealed cormer connection batween bolt

fixed glazing with external structure

Construction tolerances between sup-
porting structure and glass panels are accom-
modated between the glass and the boli fix-
ing. between the bolt fixing and the support
bracket or 'spider and between the support
bracket and the supporting column or truss.
The gap between glass boelt and fixing is to
allow three of the typical four bolt fixings on
a glass unit to move freely, while the fourth
unit is clamped tight without damaging the
glass at the edge of the hole If adjustrment 1s
provided between bolt fixing and support
bracket in order 1o take up dimensional dif-
ferences between glass and supporting struc-
ture then this results in different joint widths
between glass units, with slightly uneven cor-
ners where four glass units meet. This meth-

od does. however, allow the support spider

to be set in a fixed relationship with the sup-
porting truss or column If this adjustment is
instead formed between spider and primary
structure. then the glass remains in perfect
ahignment but the alignment between spider
and column/truss will vary The choice of
where to position the dimensional adyust-
ment varies between designs and is largely
based on visual preference.

Because all components in bolt fixed
glazing are visible, both from inside and out-
side. the choice of fixing bolts and screws is
wisually very significant. as is the extent of visi-
ble thread on the bolt fixing itself. Counter
sunk bolts and pig-nose belts (those with
two small holes on their face to provide
points for tightening) are often preferred to

the more common hexagonal head types.
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Bolts with Allen keys (a square hole cut into
a circular bolt head tightened with a socket
wrench) are also preferred as are smooth
circular washers with small holes for tighten-

ing drilled into their edges.

Bottom supported glazing

Glass supported at its base can be fixed by a
variety of methods. Glass units are most
commonly supported with glass fins or steel
posts.When glass fins are used, the glass is
stacked from its base, with the dead load
passing partly to the fins, and partly through
the bolt fixings to the glass below, depending
on the design. The glass fins serve primarily to
stiffen the glass wall and resist wind loads.
This method is very much a development of

the patch plate system described in the pre-

vious topic in order to provide maximum
transparency with a minimum of metal sup-
porting structure.

The glass units and fins are clamped at
their base to the floor slab. Because the
clamping plates are big, secured by four to six
bolts which pass through the glass, they are
often concealed below the finished floor
level. The floor slab supporting the glazed
wall is either stepped down to accommodate
the base clamps or form part of a raised
floor zone. With either method, the pocket
formed can also be used to accommodate
convector heating used to reduce down-
draughts in temperate climates. Above the
base level, glass units are fixed with bolt fix-
ings that transfer loads from the top glass to

lower ones.

3-0 view showing glass fin supported within bolt fixed glazing system

Details

I
2.

>

N N o

10.
I
12.
13.
14.
I5.
16.

Cast steel connector

Mild steel or stainless steel angle
bracket

Single glazed or double glazed unit
to suit application

Quter silicone seal with inner
rubber-based extruded seal
Insulated panel

Bolt-based cable end

Stainless steel bolt fixing

Steel connector fixed to steel tube
Stainless steel cable

Floor slab/structural wall

Glazing channel at floor level
Structural column. Concrete shown
Steel arm for lateral support

Steel rod

Glass fin

Single glazed solar shading glass
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Bolt fixed glazing
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Vertical section |:10. Connection at ground level
with glass bolt fixed to steelwork

Structural posts, usually in mild steel, are
an alternative method of supporting the glaz-
ing without introducing a visually intrusive
element, though concrete columns are
sometimes used where they form a neces-
sary part of the primary structure. This
method has the advantage of allowing each
glass to be individually supported. In generic
examples, the glass is fixed back to a steel
post at each vertical joint. Lateral restraint is
provided by vertical or horizontal wind truss-
es in either steel tube or cable. Cable is pre-
ferred for its visual lightness. The size (diame-
ter) of the supporting posts or trusses can
be reduced by adding outrigger brackets to
posts set at wider centres. This reduces the
number of support posts by two thirds, but
each post will necessarily be bigger. The out-
riggers can also be reduced to become later-
al restraints only by introducing small diame-
ter posts, typically around [0mm (0.4in), to
take the vertical load.

In all cases the bolts supporting the glass
are fixed back to steel columns with brackets
or to outriggers with similar brackets. The

general shape of the bracket is determined
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Vertical section |:10. Connection at ground level
with glass bolt fixed to steelwork

both by the position of the holes in relation
to the edge as well as by the method of fix-
ing the bracket back to its supporting struc-
ture. Positions of the holes are usually so as
to reduce the span of the glass in order to
keep it within an economic thickness, typically
[2mm (0.5in). An essential aspect of bracket
design is in accommodating fixing tolerances.
Since the supporting structure is erected
before the glass, tolerances are introduced
into the bolt and bracket fixing to take up

the differences.

Top hung glazing

Supporting structure to bolt fixed glazing can
be made visually very lightweight by the use
of cables or rods hung from the top and ten-
sioned at the base. Stainless steel cables or
painted mild steel rods are used. The choice
is usually made for visual reasons. However,
like clamped glazing this method is associated
with high deflections under wind load. This
can be accepted either in the design (some
cable-assisted walls deflect up to 800mm/2ft
8in at their centre) or be restrained with

cable trusses or outriggers, typically at floor

3}

@)

Vertical section |:10. Sealed connection at ground
level with glazing fixed to slab

levels. Bolt fixings are secured with brackets
that are secured directly to the cable or rod.
They usually fit together in two halves when
secured to cable.Where rod is used, the
material is usually in lengths that connect
into a fixing made as a single piece.

Again, the mixture of stainless steel and
mild steel requires separators to avoid
bimetallic corrosion, caused by contact
between different metals in the presence of
rainwater: While mild steel rod can be paint-
ed to match other parts of the construction
such as adjacent supporting structure, care
must be taken during assembly on site to
ensure that factory-coated components and
assemblies are not damaged. Where stainless
steel is used instead of either mild steel rod
or stainless steel cable, the diameter of the
rod will be bigger than either of the other

two options.

Corners

Corners are made by either introducing sup-
porting structure at the corner or alterna-
tively by cantilevering or fixing the glass at the

corner and pinning the glass together with
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Horizontal section 1:50. Bolt fixed glazing supported by branching steel framework

Details

I
2.

b

@© N o

Il
12.
I3.
14.
I5.
l6.

3-D view of supporting branching steel framework structure for bolt fixed glazing

Cast steel connector

Mild steel or stainless steel angle
bracket

Single glazed or double glazed unit
to suit application

Outer silicone seal with inner
rubber-based extruded seal
Insulated panel

Bolt-based cable end

Stainless steel bolt fixing

Steel connector fixed to steel tube
Stainless steel cable

Floor slab/structural wall

Glazing channel at floor level
Structural column

Steel arm for lateral support

Steel rod

Glass fin

Single glazed solar shading glass

Horizontal section 1:10. Bolt fixed glazing
connection fixed to branching steel framework
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Horizontal section 1:50. Bolt fixed glazing supported
by branching steel framework

3-D view of bolt fixed glazing supported by
branching steel framework
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Bolt fixed glazing

Vertical section 1:10.Top of bolt fixed glazed wall
supported from cable spanning between slabs

Vertical section 1:10. Silicone sealed connection in
bolt fixed glazed wall supported from cable
spanning between slabs

®
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Vertical section 1:10. Base of bolt fixed glazed wall
supported from cable spanning between slabs
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two bolts forming a corner bracket. Where

structural support is provided at a corner; a
special bracket is usually required, though
manufacturers are increasingly providing
standard corner brackets as part of their
systems. Variations of corner condition are
usually as economic as one another. Where
double glazed units are used, care is taken
to avoid exposed edges of glass where they
are vulnerable to damage, usually from

cleaning equipment.

Seals and interfaces

Like clamped glazing, bolt fixed glazing has
essentially a single barrier to water penetra-
tion. The workmanship of the silicone sealant
on site is critical to its successful application.

In common with clamped glazing, silicone

3-D views showing clamped
glazing system with steel
structural support system

Details

|. Cast steel connector

2. Mild steel or stainless steel
angle bracket

3.Single glazed or double glazed
unit to suit application

4. Quter silicone seal with inner
rubber-based extruded seal

5. Insulated panel

6. Bolt-based cable end

7. Stainless steel bolt fixing

8. Steel connector fixed to steel
tube

9. Stainless steel cable

10. Floor slab/structural wall

I 1. Glazing channel at floor level

extrusions are slowly being introduced to
make installation easier. The depth of double
glazed units (often around 30mm/1.2in)
allows a small drainage channel to be intro-
duced. This information can be found in the
section on Clamped Glazing.

Where bolt fixed glazing interfaces with
adjacent glazing systems, the edge of the glass
is usually glazed-in directly to those systems.
Where it meets a wall type in a non-glazed
material, the bolt fixed glazing is usually ter-
minated by a glazing channel or metal angles
that are fixed to the adjacent wall. The detalil
is formed in a way that conceals the angles,
leaving only the glass visible. Where bolt fix-
ings are used at the interface with another

material, half brackets are used.



12, Structural coturnn. {Concrete shown)
I3. Steel arm for lateral support "

14, Steel rod b 4
15. Glass fin

| & Single glazed solar shading glass

3-D view showing 4-point glass connection

3-D exploded view showing 4-point ghass connection fixing details

3-D wiew showing 4-point glass connections as part of steel structural support system 3-D exploded view showing clamped glazing system with steel
with branching steel framework structure for boft fixed glazing structural support systerm
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3D exploded view bolt fixed glazing system supported from cables

3-D close up views of
truss elements on cable
supported systemn

3-D exploded detail view of bolt fixing method 3-D exploded detail view of glazing ﬁxlngs
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3-D exploded view of cable supported 4 point 'spider' fixing element

Details

I
2

3.

Cast steel connector
Mild steel or stainless steel
angle bracket

Single or double glazed
unit 1o suit application
Outer silicone seal with
inner rubber-basad
extruded seal

Insulated parel
Bolt-based cable end
Stainless steel bolt fixing
Steel connector fixed to
steel tube

Stainless stesl cabile

10.
I

12
13

4.
I5.
16.

.

Floor slabfstructural wall
Glazing channel at floor
level

Structural column

Steel arm for lateral
support

Steel rod

Glass fin

Single glazed solar shading

alaec

3-D exploded views of bolt fixed glazing
suoported on glass fin
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Glass Walls 05
Glass blocks

Elevation 1:50. Glass blocks and windows set into concrete frame to form glazed wall

Glass blocks are used to form a robust, trans-
lucent and fire resisting glazed wall construc-
tion. Glass blocks are made as either solid or
hollow components, but the hollow type has
better thermal and acoustic insulation due to
the partially air evacuated void within and is
most commonly used in wall construction.
Glass blocks are made by pressing
together two half blocks of glass which are
held at high temperature. The half blocks are
made as either pressed or cast shapes. As
the block cools after manufacture, a partial
vacuum is created as the air pressure drops

with temperature.

The most common sizes of glass block for

walls are as follows:

[90mm x 190mm thick (metric size)

8 x 8 x 4in thick (imperial size)

[50mm x 150mm (nominal 6 x 6in)
200mm x 200mm (nominal 8 x 8in)
200mm x 100mm (nominal 8 x 4in)
300mm x 300mm (nominal 12 x |2in)
Typical thickness |00mm (nominal 4in)

MCE_
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Elevation & section 1:50. Glass blocks supported by concrete
frame to form glazed wall

General properties of glass blocks are as
follows:

Thermal conductivity approximately
0.88 W/m?Z °C (051 Btu/hrft°F)

Light transmission = 75% for hollow
block

Although glass blocks are set in courses
in the manner of masonry construction, they
are used as a non-loadbearing material.
Blocks are arranged in a rectilinear grid or
'stack bond' of continuous vertical and hori-
zontal joints that give this material the
appearance more of glazing than of masonry
construction. Recently there has been a
development in design by setting glass blocks
forward of floor slabs instead of being seated
on them, in the manner of glazed curtain
walling. With this method, a stiffening frame is
set within the joints between blocks, with
additional supports set away from the glass
blocks visually to lighten their appearance.
Glass blocks are most commonly either set
into concrete or masonry backing walls or
are set into a reinforced concrete or steel
support frame. For non-fire rated construc-

tion, maximum panel sizes vary from around

3600 x 3600mm (12 x 12ft) to around 4500
x 4500mm (15ft x 15ft) depending on block
thickness. This overall area can be adapted to
suit a maximum height of around 6000mm
(20ft) and a maximum width of around
7500mm (25ft).

When used as fire resisting construction,
glass blocks can reach 90 minutes fire integri-
ty, but above 60 minutes fire resisting con-
struction, a metal channel restraint is used in
the jointing for its greater reliability in fire
over mortar or silicone types materials. One
hour fire rated panels of glass block can be
made to a maximum size of approximately
3000 x 3000mm (9ft x 9ft) with a maximum
of 4000mm (12ft) in either height or width,
depending on individual building codes. Ther-
mal insulation of glass block is poor com-
pared to double glazed units, with some con-
densation risk on the inside face in temper-
ate climates. For this reason, blocks are often
used with concrete and steel frames that do
not have thermal insulation, often where the
interior face of the wall is ventilated but not
heated, as in semi-external circulation areas.
An ideal environment for glass blocks is in

regions which have a warm temperate cli-



Il
]

|l ® o) o |

MIE
I

o
@

E}
—HFT—r—F

Tl w @
I
L
TJTTT W
i E |
TII =
| ) I L |
= — n
i =
Tl M
vertical section & elevation 1:25. Glass block Vertical section & elevation 1'25. Glass
wall supported from steel frame block wall supported between steel

framework

Details

I. Glass block

2. Bedding reinforcement

3. Bedding compound, mortar

or silicone-based bond.

Adjacent blockwork wall with rainscreen
Adjacent concrete wall

Adjacent light gauge steel framed wall
Reinforced concrete frame

Steel box section

90° corner block

10.  45° corner block

I'l. Steel |-section, usually specially fabricated

N O N Oy Lk

12. Steel angle
I3. Inside

I4.  Outside
I5. Floor deck

I6.  SteelT-section

I7. Adjacent brick cavity wall construction

[8. Thermal insulation

19. Extruded aluminium sections providing
support

20. Adjacent reinforced concrete wall

Typical glass block types



Vertical section |:10. Glass block window with inter-
mediate steel box frame set into cavity wall con-

Vertical section 1:10. Glass block
window with intermediate steel section
set into cavity wall construction

Horizontal section 1:10. Glass block window supported on thermally broken aluminium framework

3-D view of glass block window set in cavity wall construction




Details
I.  Glass block I I
2. Bedding reinforcement
3. Bedding compound, mortar or

silicone-based bond.
4, Adjacent blockwork wall with

rainscreen

|6, Steel T-section

construction
I8. Thermal insulation

providing support

wall

3-D view of glass block window supported on thermally broken aluminium framework

mate for most of the year, where thermal

insulation is not required.

Fixing glass blocks

Blocks are fixed in different ways. When sup-
ported on reinforced concrete floor slabs,
they are bedded in mortar on all joints, with
a flexible joint (sometimes with an additional
aluminium edge frame) at the top and sides
to allow for structural movement. Blocks can
also be glued together with bonding silicone,
using a sealing silicone on the outside faces.
Blocks can also be fixed together with
extruded aluminium clips that hold all the
blocks together. Angle-shaped clips are used
to fix the glass block panels to the structural
opening without the use of a perimeter
frame, the clips allowing for structural move-
ment between the panel of blocks and the
structural opening. The outside faces are also

sealed with silicone.

Support frames and walls

In a generic example, glass blocks are fixed in
panels to a maximum of around 3500mm x

3500mm (I Ift 6in x | Ift 6in) square, in sto-

rey height frames, though half storey frames
can also be used to reduce the thickness of
the block as well as the need for additional
bed reinforcement. Blocks are set on the
edge of the floor slab. Block courses are laid
on a bed of mortar with the head of each
panel of glass blocks allowing for the struc-
tural deflection of floor slabs. A reinforced
concrete floor slab spanning 7500mm (25ft)
between columns can have a deflection of
around 20mm (0.8 in) at its centre. This
deflection is allowed for the head of the
block with an aluminium channel restraint
used at the perimeter to hold the glass
blocks in place but allow the slab above to
deflect under load.

Glass blocks can be laid out in visually
continuous lengths, but are divided up with
steel T-sections at 2.0 - 3.0 metre (6ft 6in -
| Oft) centres to provide the lateral stability of
the panels. The additional T-section results in
a wider joint than those used elsewhere in
the panel but in a long run of glass blocks this
is barely visible from the outside, though visi-
ble on the inside. Curved panels have the

advantage of inherent structural stability but

5. Adjacent concrete wall
6. Adjacent light gauge steel

framed wall @
7. Reinforced concrete frame
8.  Steel box section
9. 90° corner block il
10. 45° corner block =—(2)
I'l.  Steel I-section, usually specially 1
fabricated i ®
12, Steel angle
I3, Inside
4. Qutside
I5. Floor deck

I7. Adjacent brick cavity wall

I9.  Extruded aluminium sections

20.  Adjacent reinforced concrete a

® @

Vertical section 1:10. Glass block window supported
on thermally broken aluminium framework

minimum radius dimensions for different

block sizes as follows:

[ 50mmx 1 50mm blocks: 200mm min. radius
(6in x 6in blocks: 48in min. radius)
200mmx200mm blocks: 1600mm min. radius
(8in x 8in blocks: 65in min. radius)
300mmx300mm blocks: 2500mm min. radius
(12inx12in blocks: 98in min. radius)

Movement joints are set at the junction
of straight and curved panels. These joints
usually serve also as structural joints for the
blocks.

In alternative generic examples, glass
blocks are set in openings in a reinforced
concrete wall. Openings in the wall have to
be formed in close tolerances in order to
have even edges if the concrete is to be left
exposed. Where openings cannot be formed
so accurately, the glass blocks are set into an
aluminium edge frame that laps over the
concrete or forms a shadow gap around the
opening. If the concrete wall is clad in a dif-
ferent material, such as metal or masonry

rainscreen panels, then the cladding can be
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Glass blocks

O]

Horizontal section 1:10. Corner
glass block

Horizontal section 1:10. Connection between glass blocks, concrete wall
and concrete column

_-® @

Horizontal section 1:10. Spacer
forming 45° corner

Horizontal section |:10. Connection between glass blocks, and sup-
porting steel section

L -

Horizontal section |:10. Glass blocks
supported by steel sections

Horizontal section 1:10. Connection
between glass blocks & cavity wall

adjusted to meet the glass blocks neatly

without the makeup piece in the opening
being visible.
Steel support frames
© ' N Glass blocks can also be supported on steel

frames. These have the advantage of making
the glass blocks appear to have a continu-
ous surface uninterrupted by supporting
structure.
In other cases, steel T-sections support
the blocks for modest spans, which can be
O, : increased from 1.5 metres to 3.0 metres (5ft
to 10ft) with the use of a box section set
behind it to form a continuous supporting
frame both vertically and horizontally. With
both options, the frame is partially visible

Isometric view of glass
block wall assembly
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from outside, as a shadow line in daylight, and

Horizontal section 1:10. Detail of door
set into glass block wall

Horizontal section |:10. Connection between glass
block and insulated external wall

®

Horizontal section |:10. Connection between glass
blocks supported by steel box frame

Horizontal section 1:10.
Glass end block

as a strong frame when lit internally at night,
from outside.

A complete frame of rolled steel sections
can support glass blocks by setting the blocks
directly onto the steels. This method requires
close dimensional co-ordination of steel size
and block width in order for the blocks to be
aligned on the outer face to drain water
down the face of the steel without the need
for a drip, which is visually obtrusive.

A recent development in glass block
design has been to insert a steel support
frame into the joints between individual
blocks. This is made more economic by using
the largest 300 x 300mm (12in x 12in)
blocks and adapting their edges in order to
conceal the steel box section within. This

concealed steel frame can be supported by
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Jorizortal section | 10. Framed comer n
lass block wall
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3-0 view of connection betweeﬁ g]ass blocks
supported by steel box frame

-D view of glass block wall supported between
reel framework

brackets back to secondary vertical posts,
such as tubes. Alternatively, the concealed
steel frame can be made to hang or sit on
supporting structure in the manner of curtain
walling, using steel posts to provide lateral
stability through its height. Glass blocks are
bonded together with silicone which allows
for the higher amounts of structural move-
ment associated with steel supports than
those in reinforced concrete structures. The
continuous surface of blocks, uninterrupted
by floor slabs or concrete beams, do not
require any drips to throw water clear of
these surfaces, giving an overall smooth

appearance to the glass block wall.

Masonry and timber framed
window openings
Glass blocks cannot be bedded directly into

masonry walls, such as concrete blocks, since

any movement at joints between blocks will
result in a crack in the nearest glass blocks.
For this reason when glass blocks are held in
masonry openings, they can be set directly
onto a concrete cill if one is used. Sometimes
the concrete cill can form a complete rein-
forced concrete frame, around 50 -75mm
(2in-3in) wide in which the glass blocks are
set. Openings in timber framed walls, and
openings in cavity wall construction (typically
brick outer leaf, air gap and inner block/tim-
ber wall) use an extruded aluminium frame
to hold the glass blocks in place, which is usu-

ally polyester powder coated. The aluminium

g
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steal framework
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Details

I, Glass block

2. Bedding reinforcement

3. Bedding compound, mortar or
silicone-based bond.

4. Adjacent blockwork wall with rainscreen

5. Adjacent concrete wall

6. Adjacent light gauge steel framed wall

7. Reinforced concrete frame

8.  Steel box section

9. 90° corner block

10. 45° corner block

I'l. Steel I-section, usually specially fabricated

12, Steel angle

I3. Inside

4. Outside

I5. Floor deck

|6, Steel T-section

|7. Adjacent brick cavity wall construction

I8. Thermal insulation

19. Extruded aluminium sections providing
support

20. Adjacent reinforced concrete wall
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Glass blocks

3-D view of storey height glass channels as cladding system

frames are thermally broken, fixed to the
masonry opening, usually with screws. Similar
aluminium sections are used between some
joints to provide additional support if
required. Where glass blocks are set into an
opening in a timber frame, the aluminium
profile edge can be combined with a timber
cill to give a continuous timber appearance

both internally and externally.

Cast glass channels

The effect of translucency provided by thick
glass can also be provided by cast glass chan-
nels. These are like half blocks in section
which are made in lengths up to around 2.5
metres (|ft 6in). Most are around 250mm
wide x 60mm deep (10in x 2.5in) with glass
around 6-7mm (0.25in) thick. Planks can be
set both vertically and horizontally, but verti-
cal applications are the most common as
they are far easier to fix. When set horizon-
tally, glass planks cannot sit on top of one
another; each plank is supported individually
at its end to provide a waterproof seal
between planks that can accommodate ther-

mal movement.
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An advantage of cast glass channels or
'planks' over glass blocks is that they are self-
supporting, with the ability to span their full
length of around 2.5 metres (8ft). The glass is
held in place with thermally broken alumini-
um extrusions at its ends, using sections simi-
lar to those used for glass blocks in window
openings. The extrusions are anodised or pol-
yester powder coated to suit the design.
Light transmission is around 85%, reducing to
70% if two channels are interlocked to form
a wall of double thickness to improve ther-
mal insulation and increased sound reduction
through the wall. A double thickness of inter-
locking channels can provide a sound reduc-
tion similar to that of a double glazed unit in
a glazed wall of around 40dB, with thermal
insulation also similar to that of a double
glazed unit at around 2.0 W/m?ZK if a hard
low emissivity (low e) coating is applied to
the inner face of the outer channel. An
advantage of cast glass channel glazing is that
it is much cheaper than a conventional glazed
wall system. This coating changes the surface
appearance slightly. A hard coating allows the

channels to be assembled on site. The higher

Vertical section |:10.Vertically set glass channels
used as window

performance soft coatings are required to be
sealed as double glazed units in the factory,
which is not possible with cast glass channels
as their ends are open until installed in the
aluminium edge framing already described.
Cast glass channels are sealed together
with silicone, with translucent white being the
most commonly used colour; to match the
glass as closely as possible. Unlike glass blocks,
cast glass channels can provide only very lim-
ited fire resistance of around 30 minutes
when the length of the plank is restricted to
around 2.5 metres (8ft). The glass is rein-
forced with a grid of wires, giving the appear-
ance of traditional wired glass, and joints use

a fire retardant silicone.



3-D view of storey height glass channels used as cladding
system

Details
I, Glass block
2. Bedding reinforcement
3. Bedding compound, mortar
or silicone-based bond.
4. Adjacent blockwork wall with rainscreen
5. Adjacent concrete wall
6. Adjacent light gauge steel framed wall
7. Reinforced concrete frame
8. Steel box section
9. 90° corner block
10. 45° corner block
I'l. Steel I-section, usually specially fabricated

12, Steel angle
I3, Inside

4. Outside
|5, Floor deck

|6, SteelT-section

|7, Adjacent brick cavity wall construction

I8. Thermal insulation

19. Extruded aluminium sections providing support
20. Adjacent reinforced concrete wall

[
Horizontal section 1:10.Vertically set glass channels
used as window

|
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Vertical section 1:10. Interlocking horizontally
set glass channels used as window

3-D view of opening set
in glass channel facade

e

Vertical section |:10. Horizontally set glass
channels used as window
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3-D exploded view of top of glass block facade system and floor slab connections

Details

I Glass block

2. Bedding reinforcement

3. Bedding compound, mortar or
silicone-based bond

4. Adjacent blockwork wall with
rainscreen

5. Adjacent concrete wall

6. Adjacent light gauge steel framed
wall

7. Reinforced concrete frame

8.  Steel box section

9. 90° corner block

| 45° corner block

|
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Steel I-section, usually specially
fabricated
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12.
I3.
14.

l6.
17.

18.
19.

20.

Steel angle

Inside

Outside

Floor deck

Steel T-section

Adjacent brick cavity wall
construction

Thermal insulation

Extruded aluminium sections
providing support

Adjacent reinforced concrete wall

3-D exploded view of glass block system with
supporting structure

3-D view of glass block facade system with
supporting structure

3-D exploded view of glass block facade system
with supporting structure
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3-D view of bottom of glass block window
set in cavity wall construction

3-D exploded view of junctions in "kinked' glass blocd
wall configuratiol
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3-D view of top of glass block window set in cavity
wall construction

3-D exploded view of bottom of glass block window set in cavity wall construction 3-D exploded view of top of glass block window set in cavity wall construction
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Elevation and section 1:25. Storey height steel window assembly

Details

I. Outside

2. Inside

3. Steel supporting structure

4. Transom

5. Mullion

6. Single glazed or double glazed
unit to suit application

7. Fixing bead

8. Fixing lug

9. Projecting transom

10.  Rubberbased seal

I'l. Fixed light

12, Inward opening light

13, Outward opening light

[4. Window cill

I5. Condensation tray

6. Damp proof course (DPC)

I7. Internal finish

18. Drip

19.  Packing

20.  Aluminium clip to secure
double glazed unit

21, Steelill

22. Meeting stile

23. Pressed steel frame

MCE_
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Steel framed windows are a robust window
construction that is often used as a fire
resistant glazing. Steel glazing was developed
primarily for single glazing, where the main
advantage was their thin sight lines when
compared to those in aluminium. The thin,
rigid, rolled steel sections were also more
economic than their aluminium counter-
parts. The rolled sections can accommodate
double glazed units of most thicknesses, but
are not thermally broken. These rolled sec-
tions are used with small window sizes up to
a maximum of around 3000 x 1800mm
(10ft x 6ft) and a minimum of 250mm x
400mm (10in x |6in) with double glazed
units. Fully glazed walls made from window
sections can be made using this relatively

small window size. The 'window wall' is stiff-

3-D view of rolled steel window details

ened with a frame formed from integral
steel fins that pass through the window.
These narrow window sections cannot
incorporate a thermal break.

Window walls with larger panel sizes can
be formed in larger pressed steel sections
and rolled hollow sections rather than the
smaller G-shaped or T-shaped sections. Their
sight lines are very similar to those in alumini-
um, that is considerably wider than hot rolled
sections. Pressed steel sections are wider and
deeper in section than the rolled types but
they have the advantage of being able to be
formed into larger walls as well as being able
to incorporate a thermal break. Thermal
breaks are held in place by folding the mate-
rial tightly over the ends of the polymer

material, which is currently too difficult to do



Vertical section |:10. Internally
glazed rolled steel frame

®

Horizontal section 1:10. Internally glazed rolled steel frame

economically in thin hot rolled sections.

The most common use of steel windows
is in fire resistant glazing, typically where
glazed walls enclose a fire resisting compart-
ment. The fire integrity is usually between 30
minutes and | hour, but 2 hour integrity can
be achieved when used with fire resisting
glasses. Although steel glazing provides struc-
tural integrity during a fire, it does not pro-
vide thermal insulation to counter the heat
generated by fire. This is dealt with either by
providing sprinklers that drench the wall to
keep it cool or else the wall is positioned in a
way that building users do not come into
direct contact. Areas of fire resisting glazing
can be combined with areas of unprotected
glass without changing the outward appear-

ance of the glazing. This is a big advantage

Vertical section |:10. Internally
glazed rolled steel frame
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where a consistency of appearance is
required over a continuous facade with dif-
ferent requirements for fire protection in dif-

ferent areas of the same facade.

Small-scale glazing

Fixed and opening lights framed in sizes up to
3000mm x 1800mm (I0ft x 6ft) use a stand-
ard single section which is used for both hor-
izontal and vertical glazing sections as well as
for opening lights. Where opening lights
occur, the profile used for the window frame
is different, as is the profile for the opening
light itself. Also, profiles are different for
inward and opening lights. Unlike aluminium
framed glazed walling, where a single extru-
sion is used throughout, with opening lights

glazed into the system, small-scale steel glaz-

3-D view of rolled steel window details

Horizontal section |:10. Externally glazed rolled steel frame

3-D view of junction with adjoining cavity wall

MCE_ 127



Glass Walls 06
Steel windows

Vertical section 1:10. Rolled steel frame with

single glazing

Details

I. Outside

2. Inside

3. Steel supporting structure

4. Transom

5 Mullion

6.  Single glazed or double glazed
unit to suit application

7. Fixing bead

8. Fixing lug

9. Projecting transom

10. Rubberbased seal

I'l. Fixed light

12, Inward opening light

I3, Outward opening light

4. Window cill

I5. Condensation tray

6. Damp proof course (DPC)

17, Internal finish

18. Drip

19. Packing

20.  Aluminium clip to secure
double glazed unit

21, Steelcil

22. Meeting stile

23. Pressed steel frame

MCE_
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Vertical section 1:10. Rolled steel frame with
single glazing

ing requires a family of different profiles to
create a single glazed wall. For this reason,
manufacturers offer a small range of steel
window types in order to remain economic.
Because sections are rolled rather than
extruded, there is very little possibility of cre-
ating a new profile for a specific project. Sin-
gle glazed panes of glass were traditionally
fixed with steel pins and glazing putty like tra-
ditional window frames, but the practice has
given way to thin steel channels and angles.
More recently, aluminium extrusions are used,
which are clipped into place. The extrusions
are both more reliable in the long term and
far easier to replace, particularly in large-scale
glazed walls.

When windows, either fixed or opening

lights, are joined together to form a glazed

Vertical section 1:10. Rolled steel frame with
double glazed unit

wall, mild steel T-section fins are set between
the windows to form a stiffening frame. The
adjacent frames are screwed to the fins in
order to contribute to the overall stiffness of
the frame. Unlike aluminium, the T-sections
used are different from those set vertically in
order to provide a projecting drip. Profiles
are designed so that they are glazed from
either the inside or the outside. The choice of
system is usually dictated by the method of
glass replacement, which may be from an
internal floor or from an external ladder or
cleaning and maintenance cradle.

Outward opening lights have profiles with
edges that project over the front of the sup-
porting frame to exclude rainwater. A pro-
jecting drip is provided at the top to protect

the vulnerable top joint. Any rainwater that



Vertical section |:10. Inward opening
rolled steel frame with double glazed
unit

Vertical section |:10. Outward
opening rolled steel frame with
double glazed unit

' Horizontal section 1:10. Rolled steel frame with single glazing and outward
I opening light

Horizontal section 1:10. Meeting stile on rolled steel frame with double
glazing

®
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Horizontal section 1:10. Rolled steel frame glazed internally

drips into the inner surface of the frame is
drained away around the edge of the frame
and out at the bottom of each frame. Rub-
ber-based seals are now used to assist with
reducing air infiltration through the window.
Inward opening lights use the same pro-
files with their projecting edges set against
the frame in a similar way. At the window
head, a projecting fin is not needed as a drip,
since the outer frame is lapped over the
inner light. Rubber-based seals are used to
reduce air infiltration. Windows and glazed
walls are fixed to adjacent masonry walls
with steel lugs that allow them to be fixed
away from the edge of the concrete or
masonry. These lugs are concealed by internal
finishes. When fixed into a timber or pressed

steel edge frame, steel glazing can be fixed

Horizontal section 1:5. Junction between steel window and adjoining cavity
wall construction

directly through the frame into the support-
ing material.

Additional stiffening for larger walls is
provided by tube or box sections set away
from the glazed wall. The glazing is fixed to
the support frame with steel cleats and
brackets. These provide a method of taking
up tolerances and alignment adjustments
between the windows and their supporting
frame.

Doors are fixed to the supporting frame
in the same way as windows, but their con-
struction is more robust. They have thicker
sections at the cill and have a horizontal rail

at mid-height to provide stiffness. Some also

have mild steel plates, glazed in at cill level as

3-D view of steel glazing set in cavity wall
construction

kicking plates. The plates have an internal
insulation core if used in conjunction with
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Steel windows

Horizontal sections 1:10. Pressed steel frame win-
dows with double glazing and thermally broken.

©

Junction with cavity wall construction

Horizontal sections 1:10. Pressed steel frame
windows with double glazing and thermally
broken. Junction with cavity wall construction

3-D view of various pressed steel frame window configurations with double glazing and thermally broken

Details

I, Outside

2. Inside

3. Steel supporting structure

4. Transom

5. Mullion

6. Single glazed or double glazed
unit to suit application

7. Fixing bead

8. Fixing lug

9. Projecting transom

10. Rubberbased seal

I'l. Fixed light

12, Inward opening light

I3. Outward opening light

4. Window cill

I5. Condensation tray

6. Damp proof course (DPC)

I7. Internal finish

18. Drip

19. Packing

20.  Aluminium clip to secure
double glazed unit

21, Steelcill

22. Meeting stile

23. Pressed steel frame
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double glazing. The thinness of steel win-
dow frames in relation to aluminium allows
door cills to be visually more discrete than
those in aluminium, with a low upstand
formed by the cill at floor level. Doors, in
common with other cills, have a condensa-
tion channel which collects water at the
bottom of the glazed wall and directs it to
the outside. These channels are needed
since the frame is not thermally broken and
condensation can occur on the internal face

in temperate climates.

Large-scale glazing

Large-scale glazing uses a carrier frame of
mullions and transoms formed in steel box
sections similar to that in aluminium. The car-

rier frame has an indented groove at the

front to allow fixing toggles to be inserted
into it. Rubber-based air seals are set against
the carrier frame onto which the double
glazed units are set. The glass is secured with
pressure plates and integral rubber-based
seals in the same way as aluminium glazed
wall systems.The pressure plate is fixed with
a bolt that is secured into the toggle. In alu-
minium construction, a projecting groove
forms part of the extrusion to which the bolt
is fixed. Rolled or pressed steel cannot incor-
porate such a complicated and rigid profile.
The rubber-based air seals fixed to the box
sections have an additional lip which tucks
down over the top of the double glazed unit
below. This provides a sealed inner chamber
for drainage and pressure equalisation in the

manner of aluminium glazed walls. Manufac-



3-D view of double glazed steel frame window set
in cavity wall construction

®

Horizontal section 1:10.Vertically set glass channels
used as window

turers provide systems to suit different glaz-
ing layouts and spans.The shape of the box
section can also vary, from thin long boxes, to
a rectangular box, to a pointed aerofoil-type
section. The overall sight lines are thinner
than an equivalent in aluminium. Special cor-
ner pieces are made within manufacturers'
systems which are similar to those in alumini-
um. These special profiles make corners more
elegant than they would be by combining
structural sections, which would necessitate
the adding of sheet metal in corners.
Parapets are formed by glazing a metal
flashing into the transom (horizontally) at the
top of the wall and extending the flashing
down the parapet wall behind which the roof
build-up is retained. An advantage of steel

glazed walls in box sections is that they can

Vertical section |:10. Outward opening double glazed
steel frame windows set in cavity wall construction

be combined with a glazed roof. In this detail
a coping is glazed into the roof member adja-
cent to the wall at one end and glazed into
the top transom of the wall at its other end.
The coping profile is usually formed to project
slightly forward of the top face of the pres-
sure plate in order to provide protection from
maintenance equipment and ladders that can
damage the parapet coping. Cills at ground
level have metal flashings glazed into them to
project down over adjacent construction, such
as an insulated concrete upstand. An alumini-
um or EPDM foil is also glazed in behind the
flashing to provide a watertight seal against
adjacent construction such as a floor slab. Slot
drains at cill level are increasingly used to con-
ceal the minimum 150mm (6in) upstand

required between the lowest transom and the

Q®0

Q ®O

Vertical section |:10. Fixed light double glazed
steel frame windows set in cavity wall
construction

l

3-D view of double glazed steel framed window set
in cavity wall construction
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Vertical sections 1:10. Pressed steel single glazed fire resisting

®

‘ ®

doors without thermal breaks

®

O)

Vertical section |:10. Pressed steel doors with thermal breaks. Outward opening
(left) and inward opening (right)

@ ®

©

Horizontal section 1:10. Fixed pressed steel single glazed fire

resisting doors without thermal breaks

Horizontal section |:10. Outward opening pressed steel door with thermal

break
@ @ .

Horizontal section 1:10. Inward opening pressed steel single

glazed fire resisting doors without thermal breaks

Horizontal section 1:10. Outward opening pressed steel single
glazed fire resisting doors without thermal breaks

5 @ ”

Details

I. Outside

2. Inside

3. Steel supporting structure
4. Transom

5. Mullion

6. Single glazed or double

10.
I
12.
I3.
14.
I5.

MCE_

glazed unit to suit
application

Fixing bead

Fixing lug

Projecting transom
Rubber-based seal
Fixed light

Inward opening light
Outward opening light
Window cill
Condensation tray

132

17.
18.
19.
20.

21.
22.
23.

1:10. Outward opening pressed steel door with thermal

Horizontal section
break

Damp proof course
(DPC)

Internal finish

Drip

Packing

Aluminium clip to secure
double glazed unit

Steel cill

Meeting stile

Pressed Steel Frame

@

| | L. d -~

3-D view of outward opening pressed steel single glazed fire resisting door without
thermal break



Horizontal section 1:10. Steel framed curtain walling details at various junctions

external ground level for waterproofing pur-
poses. The use of an external slot drain also
allows the external level to be the same as
the internal floor level while providing a
semi-concealed upstand.

Metal flashings and an EPDM foil behind
it are also used to seal steel glazing against
areas of adjacent construction such as
masonry and concrete walls. Opening lights
and doors are set into steel glazing as sepa-
rate items glazed with an opening. As with
aluminium glazed walls, the door or opening
light has an additional frame which is visible
from the outside. Door and window lights
are formed from pressed steel sections
which are folded together to form a family of
profiles to suit different sizes and glass types.
Steel framed windows and doors are also
made as separate items for glazing into open-

ings in masonry walls. In this instance they are

fixed through the frame into the adjacent
structural wall. An EPDM foil or silicone seal-
ant is then used to seal the gap between the
steel window/door and the adjacent con-
crete or masonry wall.

Steel glazing with box sections has a lim-
ited thermal break provided by the rubber-
based seals. Similarly, doors can have a mod-
est thermal break introduced that avoids
condensation forming on the inside face of
the door in temperate climates. Doors and
opening lights have rubber-based seals
between the light and the carrier frame to
reduce air infiltration. Steel glazing is usually
finished as either galvanised or polyester
powder coated. PVDF is not used on steel.
Sometimes a combination of galvanising and
coating is used, but galvanising can distort
small components, making it much less popu-

lar than polyester powder coating.

Steel glazing with box sections has a lim-

ited thermal break provided by the rubber
based seals. Similarly, doors can have a mod-
est thermal break introduced that avoids
condensation forming on the inside face of
the door in temperate climates. Doors and
opening lights have rubber-based seals
between the light and the carrier frame to
reduce air infiltration. Steel glazing is usually
finished as either galvanised or polyester
powder coated. PVDF is not used on steel.
Sometimes a combination of galvanising and
coating is used, but galvanising can distort
small components, making it much less popu-

lar than polyester powder coating.
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Details

aznomt . Qutside
2. inside

3. Steel supporting structure

4. Transom

5. Mullien

‘6. Smgle glazed or double glazed
unit to suit application

7. Fixing bead

8. Feang lug

l 9. Projecting transom
10, Rubber-based seal

I'l Fixed light

12, Inward opening light

I3, Qutward opening light

I4 Window «ill

15 Condensation tray

16. Damp proof course (DPC)
17 Internal finish

18, Drip

19 Packing

20, Alurinium clip to secure
double glazed unit

2t Steel cill

22, Meeting stile

23. Pressed steel frame

3-D exploded view of pressed steel door system
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3-D exploded view of pressed steel door system assembly 3-D sectional view of pressed steel door system assembly
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3-D exploded view of rolled steel facade

3-D exploded view of pressed
steel window set within blockwork wall

3-D wiew of pressed steed window detail  3-D exploded view of pressed steel window set 3-D exploded view of pressed steel
in masonry cavity wall construction within blockwork wall window detal
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{orizental, vertical section and elevation 1:25. Inward opening aluminium doors

Aluminium windows are used either as indi-
vidual lights set into a structural opening or
as ‘window walls' where windows are still set
into openings, but are linked together with
metal or opaque glass panels to give the
appearance of a continuous glazed wall.

The essential difference between alumini-
um windows and aluminium glazed walls (or
‘curtain walls’) is that windows are set indi-
vidually into structural openings, whereas
curtain walling uses a continuous carrier
frame fixed forward of the supporting struc-
ture. Windows are not technically inferior to
curtain walling, but are a different method of

glazing. Window systems are well suited to

3-D view of aluminium opening doors
and fixed lights

apartments, where the discontinuity of fram-

ing is preferred for acoustic reasons, avoiding
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Wertical section 1 10,
Inward opening door

| Vertical section
:10. Meeting stile

flanking sound passing from apartment to
apartment.'Window walls’ of windows linked
by glass or metal panels is often preferred
where a fire separation zone is needed
between apartments, when combined with

thermal and acoustic mass.

Windows in openings

When fixed into a structural opening in a
wall formed in another material, aluminium
windows have drips and flashings to seal
against the adjacent material. Specific inter-
face details of windows with adjacent materi-
als are discussed elsewhere in this book,
under the heading of each wall type.This sec-
tion deals specifically with the issues of glaz-

ing aluminium windows and doors into any
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fertical sections 1110, Aluminium windows fixed iInto openings in masonty/concrete walls
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3-D views of aluminium windows fixed

structural opening.

Aluminium windows and doors are often
preferred for their thermal and acoustic
insulation properties, together with low lev-
els of air infiltration. They have a generally
higher performance in these areas than steel
or timber frames, and their durable finish
gives them a consistent appearance over 20
years, depending on the type of finish used.
Their main disadvantage is the wide sight
lines required to accommodate smooth
movement of the opening light in the frame
as well as the seals and thermal breaks
required. Manufacturers are ever-striving to
make the sight lines thinner but this usually
results in the depth of the window and door

increasing substantially in order to maintain

into openings in a concrete wall

structural stability.

In common with aluminium curtain walls,
aluminium windows are pressure equalised
and internally drained, providing two lines of
defence against rainwater ingress. The outer
line of defence is provided by a rubber-based
seal fixed to the window frame. Any rainwa-
ter penetrating this outer seal is drained away
in a ventilated cavity within the window
frame and is released back to the outside
through the cill profile.

There is an increased use of flipper’ seals
within window frames to both keep any rain-
water that penetrates the outer seal in a
chamber at the front of the section (similar
to unitised curtain walling) and to provide a

thermal break in the void within the window

= Vertical
1 L-'isectionllf

External

| @2 "@_ opening

door

Horzontal
section | 1{
¥ Internal
opening

— door

_ O Horizontal

fg'  section |:10.
ST External

2 opening

) door

¥'&— Horizontal

= section 1:10.
Internal
opening
door

Details

I. Opening door or window
2. Fixed light

3. Floor slab

4. Thermal insulation

5. Surrounding wall

6. Internal finishes

7. Window cill
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Plan. 1:10
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Horizontal section and elevation 1:25.

e

3-D view of window fitted in to unitised glazing
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humidity levels in the outer chamber from
passing all the way through the void in the
frame and reaching the inner seal. The inner
seal is then used only as an air seal rather
than a full weathertight seal. This method is
similar to that used in unitised curtain walling,
where two air chambers are used at the joint
between panels. There has been an increased
use in recent years of thermal breaks in both
the frame and the opening light in aluminium
windows. The breaks are positioned to coin-
cide with the rubber-based flipper seal to
reduce the thermal bridge across the com-
plete window section.

Aluminium frames for doors and win-
dows differ substantially in that window

frames are narrower but deeper than doors

Door fixed into a stick curtain wall system

®

in order to provide much lower levels of air
and water infiltration. Door frames are gen-
erally wider so as to provide stability for the
infill panel of glass but are not usually ther-
mally broken in order to provide a rigid
frame to support the infill glass. Window
frames are often used for doors where these
lower levels of air and water infiltration are
required, as in doors to balconies in apart-
ments, for example. Doors using door pro-
files can reach 3.0 to 3.5 metres in height
without wide sight lines whereas this is not
the case for doors using window frame pro-
files which can reach a maximum of around
2.4 metres high (2400mm). Above this height,
it is difficult to use the frame to support the
glass. For doors exceeding 2.4 metres in

height using window sections, it is visually
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3-D view of alumnium window

Vertical section 1:10.
Qutward opening ther-
mally broken door. Fixed
into stick curtain walling

Horizontal section 1:25. Aluminium doors fixed into a stick curtain wall system

Horizontal section 1:10. Junctions between fixed light and opening door and window

necessary to silicone bond the frame to the
glass so that the frame and glass become a
single structural component.The glass is then
used to stiffen the frame rather than being a
non-structural infill panel within the frame.
This is more expensive and also difficult to
replace the glass if broken without replacing
the complete frame. If the frame is replaced
then the colour of the replacement door
may not match the surrounding framing.
Maximum widths of aluminium glazed doors
are a function of the height, in order to
restrict the overall weight of the door leaf,
but 850mm wide doors (for a 1700mm wide
pair of doors) are common. The minimum
width of the opening door is about 250mm
to 300mm depending on door height and

width. The minimum dimension is determined

Vertical section 1:10.

Meeting stile 1:10

both by the minimum manufacturable size of
double glazed unit and by the need to open
the light smoothly.

Top hung lights, often set above fixed alu-
minium windows and opening doors to pro-

vide night time natural ventilation, have a

minimum height of about 800mm to 900mm

in order to accommodate the opening mech-
anism. Fixed lights above doors can be
reduced to a height of around 200mm.Top
hung, bottom hung and tilt/turn windows use

similar sections to side hung windows. Tilt/

turn windows have the advantage of combin-

ing the functions of side hung windows with
their ability to open completely, and the abili-
ty of bottom hung windows to provide high
level natural ventilation has led to their

increased use.

Internal finishes
Window cill

3-D view of alumnium window

Inward opening door with
no thermal break. Fixed
into stick curtain walling

Details
I. Opening door or window
2. Fixed light
® 3. Floor slab

T IR EEim) 4. Thermal insulation

[ - T g [ - 5. Surrounding wall
6.
7.
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Windows set into glass
rainscreen

= S

Horizontal section |1 10.Windows set into a glazed rainscreen

Horizontal & vertical section 1:25.
Aluminium windows set into a glazed rainscreeen

3-D view of top hung aluminium window 3D view of side hung aluminium window
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-orizontal & vertical section | [0,
Muminium windows set into masonry openings

Details

Opening door or window
Fixed light

Floor slab

Thermal insulation
Surrounding wall

Internal finishes

Window cill

SOV L b b —
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Sliding doors are usually top hung, sliding
on rollers set at the door head. The bottom
of the door is restrained by guides that both
hold the door in place and allow it to move
without being obstructed by dirt and grit
accumulating in the bottom of the cill pro-
file. Bottom rolling doors, which are sup-
ported on the cill profile and are restrained
at their head, are much less commonly used
for external doors since dirt and grit can
hinder their movement. There are two types
of sliding door: those that roll in a constant
plane and those which lift out and then
slide. The first type has higher levels of air
infiltration associated with side hung door
profiles. The second type has much lower

levels of air infiltration but has wider sec-
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tions, creating wider sight lines.

When aluminium windows are glazed
into a structural opening, the joint between
window and adjacent wall is made either
with a sealant, such as silicone, or with an
EPDM foil glazed into the window frame and
sealed against the face of the surrounding
wall. The choice of seal is dependent upon
the material used in the surrounding wall, but
silicone seals are generally used where the
adjacent wall is of sealed construction, such
as an open jointed wall, sheet metal or
render on concrete. EPDM foil is used where
the adjacent wall has an open jointed finish in
front of the structural wall, as in rainscreen
construction, in metal or stone, for example.

The EPDM foil is sealed against the water

T ST L AR 3

©
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proof backing wall used in this type of con-
struction. This method makes it necessary to
fix the windows and seal them to the backing
wall before the external cladding is fixed. This
is often an advantage, where aluminium win-
dows and backing walls provide a weather-
tight enclosure at an earlier stage than would
be achieved with more traditional methods
where the windows are glazed in afterwards.
The early date for weathertight enclosure
allows construction work internally to com-
mence at the same time as the external clad-
ding is being installed. Forming a seal with
sealant, with silicone or a polysulphide for
example, rather than EPDM, allows the win-
dow to be installed afterwards. Since the

joints are visible, and are formed with a tool
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Aluminium and PVC-U windows

3-D view of aluminium window as part of a unitised glazing system

3-D views of frame details

Details

I. Opening door or window
2. Fixed light

3. Floor slab

4. Thermal insulation

5. Surrounding wall

6. Internal finishes

7. Window cill

3-D detail view of aluminium glazing

MCE_ 142



from outside, care should be taken to choose
a colour which is compatible with both the

window and the adjacent construction.

Window walls

This system is particularly useful where a dis-
continuity is required, usually for fire or
acoustic reasons, while maintaining an overall
modular facade. They are usually less expen-
sive than glazed curtain walling The opaque
areas are usually filled with either an alumini-
um sheet (coated to match the colour of the
adjacent window frames) or with opacified
glass. These infill panels are supported by the
window frames and do not have a support
frame behind as would be used in curtain
walling systems.

In a window wall, the aluminium profile
visible from outside is adapted to give the
same appearance as the junction between
opaque spandrel panels. This gives the
external framing an overall consistent
appearance associated with other modular
glazed wall types. Windows are supported
either directly onto a floor slab or concrete/

block upstand, or alternatively are set for-

ward of them on brackets. If the window is
sitting on a support, then the opaque panel
adjacent to it is usually set forward of the
window in order to accommodate its ther-
mal insulation. When the window is set for-
ward of the opening, then the glazing in the
aluminium window can be aligned with the
opaque glazing. This glazing type is common-
ly used with both ribbon windows and rows
of individual windows.

An advantage of window walling is that
the opaque spandrel panels can be made in a
different form of construction from the win-
dows. Insulated composite panels can be
used for example as metal rainscreen panels,
or open jointed opaque glazing This can
make the system very economic when com-
pared to curtain walling. If the spandrel pan-
els are not set into a framing system that is
internally drained and ventilated like the win-
dows, then the void behind the opaque pan-
els must be drained at the head of the win-
dow below. In addition, the thermal insulation
behind the spandrel panel forms a continuity

with the double glazed unit of the window.

Composite windows

A recent development has been in the use of

aluminium windows with an inner frame in
timber to support the outer aluminium pro-
file. This is effectively an aluminium window
wall with a timber carrier frame. From the
interior, the framing has an all-wood appear-
ance. However; the glazing sections used are
those from windows rather than curtain wall-
ing. Some manufacturers make windows with
timber frames behind them to form a timber
framed unitised system.The outer joint is an
open jointed rainscreen. This protects the
inner seals between timber frames from the
worst effects of windblown rain. The timber
frames are screwed or bolted together. The
complete carrier frame is fixed back to floor
slabs with steel or aluminium brackets in the
manner of glazed curtain walling. These
brackets are described in the section on stick

glazing and unitised glazing,
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Exploded axonometric view of wall with aluminium window

3-D view of top hung aluminium window open 3-D frame detail of top hung aluminium window open

3-D view of side hung aluminium window open 3-D detalil of side hung aluminium window frame open

MCE_ 144



-D view of wall with aluminiurm windows

Details
. Opening door or window

Fixed light
Floor slab
Thermal insulation
Surrounding wall
Internal finishes
Window cill

H ! 3-D exploded view of wall with aluminium windov
&

3-D view of aluminium window exploded from wall
3-D exploded view of aluminium window
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Timber windows

Elevation |:25. Opening casement doors with fixed sidelight
: |

¢

Vertical section 115, Inward
apening casement doors

Horizontal section 115 Fixed casement window

o S

10

Elevation |:25. Fixed casement window

®

® <=

Wertical section 115, Fixed
casement window

3-D views showing side hung and fixed light
windows
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Harizontal section 1:5.Inward epening door—
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Like aluminium windows, timber windows are
used either as individual components or as
assermblies of ‘'window walls’ of cpening win-
dows and fixed lights which are linked
together

Window walils

These are formed either as individual win-
dows linked together and reinforced by a
secondary frame, usually steel flats, or are
formed as full curtain walling systems. Where
timber sections form the full structural sup-
port for the glazing, the glazing is secured
with timber glazing beads. Where individual
windows are linked together with steel rein-
forcement, additional support may be need-
ed from a secondary structure. Steel tubes,
T-sections or box sections are typically used

to avoid much larger equivalent sections in
timber. In common with other framed glaz-
ing systems, timber windows are required to
be held in a rigid frame, with anly small
structural deflections allowed under wind
load. For this reason, cable-assisted struc-
tures are seldom used, since they are associ-
ated with higher deflections than framed
supporting structures. These reinforcements
or additional supports are usually set inside
the building to avoid penetrating the exteri-
or seal of the timber frames. Whereas alu-
minium glazing systems can accommodate
support brackets penetrating the outer seals
with rubber-based gaskets and silicone seals,
the high moisture movement asseciated with
wood makes this much less practical with

timber windows.



Horizontal section 1:5.Top hung window

[ ]

Elevation [:25. Side hung window

@

Horizontal section 1:5. Side hung windows in window wall with different framing methods

[T, pud

Details 777 '@
Fixed light [TT4
Supporting structure
Outside
Inside
Head
Cill
Metal stiffening insert
Timber infill panel
Thermal insulation JE=TN|
0. Single glazed or double [
| | glazed unit to suit
= | application
I'l. Fixing bead
|2. Rubberbased seal
I3, Inward opening light
I4.  Outward opening light
I5. Damp proof course
(DPC)
16, Internal finish
| 7. Flashing to seal against

= N0 O NN —

adjacent wall J | I A,
! I8.  Vertically sliding sash S
TN 19.  Sliding door frame top [\ AN ®
i ) Sy P hung or bottom rolling AN N
[ B2 % 20.  Window or door 1

jamb |
) Vertical section 1:5.Top hung
window

Where windows are linked together and
reinforced with a mild steel flat, a drainage
groove is cut into the outside of the frame as
part of a standard window frame. Any water
that passes through the outer seal is drained
away in the groove which is used on all four
sides of a typical frame. Water is drained
away to the outside at the cill. The reinforce-
ment does not extend forward of the drain-
age groove to allow water to be drained
away unimpeded. All-timber frames, in the
manner of glazed curtain walling, may have
mullions and transoms of different depths,
reflecting their different structural require-
ments, and each may be in a different wood
type. Hardwoods and softwoods can be
mixed, but moisture movement needs to be

taken into account. An advantage of solid

timber sections over aluminium extrusions is
the ability of timber to be routed to form a
variety of junctions between mullion (verti-
cal) and transom (horizontal). Slots and con-
tinuous grooves can be cut into the sections
to give them a visual richness that is often
lacking in metal glazed walls. Support brack-
ets fixed to the inside face are formed in alu-
minium or mild steel.

Timber framed window walls typically
span up to two floors, due to the self weight
of the panels. This is due to the need to bind
the frame into large single units to avoid the
effects of thermal movement from shrinking
of the sections. If timber sections are not tied

together; they tend to warp and twist when

exposed to outside elements. Even if the sur-

faces are painted or sealed with varnish, any 3-D view showing side hung window
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Glass Walls 08
Timber windows

Horizontal section 1:5. Side hung window

Elevation :25. Horizontal sliding window

movement due to moisture will crack the
outer finish and allow further movement to
occur. Timber sections are jointed with either
tongue-and-groove or rebated joints. Where
tongue-and-groove joints are used, the linking
material can be a durable hardwood or alu-
minium. Sections can also be bolted together
if the sections are of sufficient size, such as
around 75 x 50mm (3in x 2in).

Glazed walls can be joined relatively easi-
ly to adjacent wall construction with seals
and lapped edges associated with traditional
windows. Corners are straightforward to
form as either a structural corner or as a fully
glazed corner: Structural corners have two
glazing sections brought together, which are
reinforced with an additional corner post.
This post is set into routed grooves in the

edges of the two window frames to provide

Elevation 1:25. Side hung windows

L= =T

SLL [

Vertical section 1:5. Sliding window

additional stiffness at the corner, binding
the three timber sections into a single

structural component.

Window design

Windows in recent years have developed by
providing better airtight and better water-
tight barriers in their design. Air infiltration in
opening lights has been reduced, when the
window is closed by the addition of rubber
based seals, often held in place by aluminium
clips so that they can be replaced when
worn-out. Watertightness of opening lights
has been improved by the use of pressure
equalised rebates in the window section so
that any water entering the profiles at the
sides is drained away from an outer cavity
without being drawn into the inner seal by

capillary action (pressure differential)
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Horizontal sections |:5. Sliding sash window

between inside and outside the framing.

An outer seal prevents excessive water
infiltration while the inner air seal also serves
as an acoustic barrier, providing better sound
insulation than traditional windows without
those seals. The inner rubber-based air seal is
usually 'vulcanised' or fused at the corners of
the frame to maintain performance around
the complete perimeter of the window. The
drainage groove or channel around the frame
of opening lights sometimes has an alumini-
um profile attached to allow the timber pro-
file to be simpler: Holes are drilled into the
aluminium profile at cill level to allow water
to drain to the outside of the frame.This
metal profile is painted to reduce the visibility
when the window is open.

Seals between the window and the

opening into which the window is fixed have

also been improved by the use of folded alu-
minium and UPVC profiles. These profiles are
set fixed on all edges of the window by set-
ting them into a groove in the window frame
and projecting them over the face of the sur-
rounding wall. This makes the sealing of the
gap between window and surrounding wall
much easier by avoiding the need to seal the
butt joint created by setting the window
directly into the opening. This projecting pro-
file is more reliable than the traditional
weather bar used in the cill with sealed butt
joints on the jambs and head.

There has been an increased control of
moisture movement of the timber used.
When timber is kiln-dried to reduce its water
content prior to manufacture, the process is
now better controlled to avoid excessive

shrinkage afterwards. Timbers are dried to

Details

Z 0O NN AW —

12.
13.
14.
I5.

l6.
17.

18.
19.

20.

Fixed light

Supporting structure
Outside

Inside

Head

Cill

Metal stiffening insert
Timber infill panel
Thermal insulation
Single glazed or double
glazed unit to suit
application

Fixing bead
Rubber-based seal
Inward opening light
Outward opening light
Damp proof course
(DPO)

Internal finish

Flashing to seal against
adjacent wall
Vertically sliding sash
Sliding door frame top
hung or bottom rolling
Sliding window or
door jamb
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Vertical section |:5. Vertical sliding sash

window

Details

I, Fixed light

2. Supporting structure

3. Outside

4. Inside

5. Head

6. Cill

7. Metal stiffening insert

8. Timber infill panel

9. Thermal insulation

10. Single glazed or double glazed unit to
suit application

I'l. Fixing bead

12.  Rubber-based seal

I3, Inward opening light

14, Outward opening light

I5. Damp proof course (DPC)

[6. Internal finish

I7. Flashing to seal against adjacent wall

18. Vertically sliding sash

19.  Sliding door frame top hung or bottom
rolling

20.  Window or door jamb

MCE_
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3-D view of vertical sliding sash window

around 15% moisture content, depending on
the species used. Treatments to timbers are
also changing to avoid toxic runoff while pro-
viding some protection against colour fading
from UV radiation from sunlight. Timber still
requires re-coating and cleaning to avoid the
surface visually fading and causing damage to
the timber itself. Some more economic tim-
ber windows have traditionally suffered from
poor jointing at the corners of the frame.
These have been improved across all window
types in recent years with the use of double
mortice and tenon joints and wood glues
with better resistance to heat and moisture.
With the improvement in protective
coatings for timber windows, particularly
those on the outside face, has come the use

of rounded edges to profiles. As is the case

with coatings to aluminium profiles, it is very
difficult to coat the edge of a sharp corner A
radiused edge allows the protective coating
to maintain a better constant thickness at the
vulnerable corners. Typically, rounded edges
allow an 80% layer thickness of coating (with
100% on adjacent flat surfaces) compared
with around 5% coating thickness for a sharp
angle. With the increased use of double
glazed units in timber windows, rubber-based
gaskets are also increasingly being used to
allow the moisture movement of the window
frame and timber glazing beads to move
without reducing the water tightness of the
seal between the frame and double glazed
unit. Soft seals, including those made from
wet-applied silicone, or silicone extrusions,

perform much better in this respect than the



3-0 wiew of vertical shding sash window

harder and more britfle puttiés and sealants
used previously.

Aluminium trims are also used 1o secure
the glass, but the appearance from outside is
obviously a mixture of timber and aluminium
rather than all-timber, making the window
more of a composite design associated with
timber window walls. This trend will probably
continue due to the greater reliability of alu-

minwr for glazing beads and trims.

Windows in openings

Where timber windows are set into an
opening rather than being part of & window
wall, the most common materals used are
masonry block, brick or timber boarding,
With all these materials, timber windows are
fixed either into the reveals of the opening or

TYPE | TYPE2

RS

are fixed onto the face of the opening, The
position of the window In the opening has
more influence over the junction with the
surrcunding wall than the choice of material
for the wall.

In generic examples, the window is fixed
to the outside face of the wall, which would
typically be reinforced concrete or concrete
block This would be used where a massive,
sound insulating structure. such as an apart-
ment building is clad in a different material
such as timber rainscreen panels or terracot-
ta which are often used in a smooth continu-
ous plane without reveals. This construction is
ideal for rainscreen construction, It allows the
window to be sealed to the structural wall,
or backing wall, with a lapped joint around
the opening and allowing it to be fitted inde-

mﬁi

3-D view of side hung timber window
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3-D view showing horizontal section through timber sliding door
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Horizontal sections |:5. Sliding doors

pendently of that opening. This permits the
wall to be set out on a precise grid that
would be difficult to achieve by setting the
window into the opening. This is because the
construction tolerances associated with con-
crete frame construction are considerably
higher than those used for timber windows.
Windows would typically be sealed against
the concrete wall with projecting profiles that
would lap under a waterproof layer on the
surrounding wall. This creates a deep reveal
on the inside face of the wall which has fin-
ishes applied to create a tidy junction with
the internal face of the window.

In some cases, the window is set into the
reveal of the opening. Because the window
has to be smaller than the opening size in
order to install it, the joint width has to be
accurately formed around the window.
Sometimes the window frame is built in to
the wall as the surrounding wall is con-
structed, or else a template is used to avoid
accidental damage to the window during
construction.

Alternatively, the window could be set

into the outer wall construction and in this

MCE_ 152

case needs to allow water to drain the top
of the opening to the sides, as in masonry
cavity wall construction. In the previous case,
the window does not have this additional
requirement, and so is protected from water
penetration by the wall itself. However, rain-
water needs to be drained at the bottom of
the opening, where a cill is provided. The
window is lapped over the cill, often with an
additional weather bar for protection against
water ingress through capillary action.

The window can also be set into a
stepped reveal. This has the advantage of giv-
ing greater construction tolerance when fit-
ting the window as well as creating a lapped
joint between the structural opening and the
window, which is easier to seal than an equiv-
alent butt joint, where a backing strip is
needed to give a surface to which the sealant

can adhere.

3-D views of sliding door junctions



|
NSRS
Details HJ
| Fixed fight
2 Supporting structure
3. Qutside I
4. Inside
5  Hesad @
6 Cl
7 Metal stiffening insert - R 4l I
8  Timber miill panel
9. Thermal insulation |
10. Single glazed or double | L7 %,- |
glazed unit to suit application F = 1
1. Fixing bead ® R
12, Rubber-based seal DN @ i
I3, Inward opening light ; )|
14 Outward cpening light
15, Darmp proof course (DPC) J
16, Internal finish
I7. Flashing to seal against
adjacent wall
18, Vertically sliding sash
19, Sliding door frame top hung "
or bottom rolling Il
20. Sliding window or door jamb
™ |
JL i
Va7

=

Vertical section |:5 Outward opening casement doors

3-D views of timber windows and doors in wall system
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19.

20.

3-D exploded view of storey-height timber window construction

Details

Fixed light
Supporting structure
Outside

Inside

Head

Cill

Metal stiffening insert
Timber infill panel

Therrral insulation

. Single glazed or double

glazed unit to suit application

. Fixing bead

. Rubber-based seal

. Inward opening light

. Qutward opening light

. Damp proof course (DPC)
. tternal finish

. Fashing to seal against

adjacent wall

18. Vertically sliding sash

Sliding door frame top hung
or bottomn roiling

Sliding window or door
jamb

3-D exploded detail view of storey-height timber window construction at upper

floor level
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3-D view of storey-height timber window
construction

3-D exploded detail view of storey-height timber window
construction at upper floor level



3-D views of timber window connections to
cavity brick wall (above)

3-D exploded view of timber window
construction {betow)}
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3-D view of timber window set in cavity brick wall
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3-D exploded view of timber window set in cavity
brick wall







Setting reinforcement

3-D exploded view of window set in
precast concrete wall

3-D view of window set in precast
concrete wall

MCE_ 158

S P
Setting up formwork

Setting up plywood formwork

3-D view of precast concrete wall with vertical windows

An essential difference between concrete
and other materials used in facade construc-
tion is that concrete is poured in place into
moulds, or into formwork, rather than being
manufactured as a standard size component
in a factory. Whereas metal, glass, masonry,
plastics and timber are made to standard
dimensions in the form of sheets or sections,
concrete is cast, either on site or in a factory
as precast panels. Although there are few
constraints on the size of a single cast ele-
ment in concrete, in practice an essential
determinant of concrete panel size is the
amount of concrete that can be poured at
one time. With precast concrete the essential
constraint on panel size is the weight that can
be lifted by a crane on site.

In-situ concrete is dependent on the

formwork in which the concrete is cast. An

understanding of formwork is important to
appreciate how to control the appearance of
joints and of bolt holes through the concrete,
since the formwork is the negative impres-
sion, or mirror image, of the final concrete.
The design of in-situ concrete walls has
changed in recent years to include thermal
insulation, either set within the concrete dur-
ing pouring, or fixed on the internal face or
external face after the wall has been cast. The
position of the insulation within the construc-
tion affects the use of the thermal mass of
concrete and its ability to contribute to night-
time cooling as part of an overall reinforced
concrete structure. Continuity of thermal
insulation is increasingly important in the
interface with glazed openings and doors to
avoid thermal bridging. Continuity of double

glazing and thermal insulation in the concrete
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Setting up plywood formwork

Setting up formwork

Securing formwork

3-D view of window set in precast concrete wall

wall is probably the biggest recent change in
this form of construction in recent years. In-
situ concrete walls are formed as either a
structural concrete wall with thermal insula-
tion on the inside face with an internal dry
lining, or as a diaphragm/double wall of con-
crete with thermal insulation set between the
two skins of concrete.

The first method has the benefit of econ-
omy, particularly where the thermal mass of
the concrete wall is not required for use in
night-time cooling. The wall zone for the insu-
lation can also be used to fit windows, so that
the opening lights and doors do not have to
be set into specially cast recesses in the con-
crete, which makes it more expensive. Drips
are cast into the tops of window reveals to
reduce staining to the adjacent wall beneath

caused by rainwater runoff from dust that

accumulates on flat surfaces. Parapets have

metal copings that prevent staining on the
wall beneath by <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>