
Façades
Principles of Construction 



The following titles in the same series are under preparation:

Components and Connections in Architecture – Principles of Construction  
Maarten Meijs, Ulrich Knaack, Tillmann Klein

Building Typologies in Architecture – Principles of Construction  
Ulrich Knaack, Marcel Bilow, Tillmann Klein
 
Materials in Architecture – Principles of Construction  
Maarten Meijs, Ulrich Knaack, Marcel Bilow

Prefabricated Systems – Principles of Construction 
Ulrich Knaack, Reinhard Hasselbach, Sharon Chung-Klatte



Façades
Principles of Construction 

Ulrich Knaack, Tillmann Klein,  
Marcel Bilow, Thomas Auer



Layout and cover design: Oliver Kleinschmidt, Berlin 
Translation into English: Ursula Engelmann, Seattle
Subject editors for the English edition: Thomas Schröpfer, Limin Hee, Cambridge, Mass.
Lithography: Licht & Tiefe, Berlin
Printing: Medialis, Berlin

This book is also available in a German edition:
ISBN 978-3-7643-7961-2

Library of Congress Control Number: 2007929794

Bibliographic information published by Die Deutsche Bibliothek
Die Deutsche Bibliothek lists this publication in the Deutsche Nationalbibliografie;  
detailed bibliographic data is available in the Internet at <http://dnb.ddb.de>.

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is 
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broad-
casting, reproduction on microfilms or in other ways, and storage in data banks. For any kind of use, 
permission of the copyright owner must be obtained.

© 2007 Birkhäuser Verlag AG
Basel ∙ Boston ∙ Berlin
P.O. Box 133, CH-4010 Basel, Switzerland 
Part of Springer Science+Business Media
Printed on acid-free paper produced from chlorine-free pulp. TCF ∞
Printed in Germany

ISBN 978-3-7643-7962-9

9 8 7 6 5 4 3 2 1    
www.birkhauser.ch

We would like to thank Delft University of Technology for the financial support of this publication. 
We would also like to thank Ria Stein for her editorial guidance as well as the students Jean-Paul Willemse, Vincent van Sabben, 
Thijs Welman and Farhan Alibux for their help in generating the drawings.



 7 | 1  Introduction  

14 | 2  From Wall to Façade  

14 | Solid wall construction  

14 | Warm façade, cold façade  

16 | Openings in solid wall construction 
18 | Bridging the gap   
19 | Single glazing  
20 | Box window  
21 | Insulated glazing  

22 | Walls with skeletal structure   
22 | Half-timbered construction   
23 | Platform and balloon framing  

24 | Resolution of the wall into  
      loadbearing structure and façade  
25 | Post-and-beam façade  
26 | Post façade  
26 | Beam façade  
27 | Curtain wall  
28 | System façade   

29 | Double façades   
30 | Second-skin façade  
30 | Box-window façade  
31 | Corridor façade  
32 | Shaft-box façade  
33 | Alternating façade  
34 | Integrated façade  

36 | 3 Principles of Construction     

37 | Areas of construction  
38 | Façade bearing structures and load transfer 
42 | Grid and positioning of the façade 
        within the building 
44 | Systems used in façade construction 
45 | Post-and-beam construction 
46 | Unit system façade 
46 | Designing with systems 

47 | Openings in façade constructions 
47 | Hardware 
48 | Windows

50 | Assembly 

52 | 4 Detailing and Tolerances   

54 | Building grid and positioning of components 
56 | Combination of functions  
57 | Detailing principles 
57 | Layering of details  

58 | Examples of detail development 
59 | Masonry cladding  
59 | Post-and-beam façade  
60 | Unit system façade   
61 | Parapet 
62 | Plinth unit 
63 | Joints  

67 | Tolerances   

C OnTE nTS



70 | 5 Climate and Energy   

70 | Façade as interface to the exterior  
71 | User comfort   
71 | Thermal requirements  
72 | Visual requirements  
73 | Hygienic requirements  
73 | Acoustic requirements  

74 | Regulating the comfort level  
      with the façade  
74 | Ventilation
77 | Heating
78 | Cooling  

80 | Sun and glare protection  
84 | Light-directing systems  

85 | 6 Adaptive Façades    

85 | Sun  
86 | Light  
86 | Heat  
87 | Greenhouse effect  

87 | History of adaptive façades   
90 | Collector façade   
90 | Trombe wall
91 | Transparent heat insulation  
92 | Exhaust-air façade  

93 | Double façade  
94 | Box-window façade  
95 | Shaft-box façade  
96 | Corridor façade  
98 | Second-skin façade  

100 | Alternating façade
100 | Integrated façade  

102 | 7 Case Studies   

Unit system façade:  
102 | Debitel Headquarters, Stuttgart  
Solid concrete façade: 
106 | Zollverein School of Management 
and Design, Essen 
Free-form metal façade:  
110 | Guggenheim Museum, Bilbao 
Timber-frame structure with multiple cladding: 
114 | Hageneiland Housing, Ypenburg 
 

120 | 8  A Look Into the Future   

120 | The forces driving new developments
121 | Materials and technology
121 | Technology transfer  
121 | nano coatings    
121 | Adhesive materials technology 
122 | Smart materials  

124 | Production and assembly   
124 | Free-form façades   
125 | Modular construction 
125 | Composite building materials   
126 | Generative manufacturing methods  
127 | Computer technology  

128 | Evaluation strategies  
128 | Façade functionality   
129 | Design tools   

130 | The integrated envelope  

Appendix
132 | Authors  
133 | Selected Bibliography  
134 | Index  
135 | Illustration Credits  



7

1 | Introduction

With Façades – Principles of Construction being the title of this book, one might begin 

to wonder why there is the need for yet another book about façades. As it is, there are 

sufficient volumes focusing on topics such as transparent façades, double façades or 

material-specific façade constructions (1, 2). The subtitle – Principles of Construction 

– should shed some light on the purpose of this particular book: it is designed for ar-

chitects and students who wish to concentrate on the design principles of façades in a 

more fundamental manner. This book does not focus on specific façade variants;  rather 

it explores basic façade systems, their origin as well as the principles of construction, 

building structural aspects and the integration with the building itself. The goal is neither 

a collection of design examples nor a compilation of current and regulation-conforming 

details, but to create a basic understanding of the façade and its technical realisation. 

Not based on specific European code norms and technical regulations nor dependant 

on specific material-related parameters, this understanding will enable the reader to 

analyse specific project examples with the aim to realise their own developments in a 

technically sound manner. 

1

Jewish Museum, Berlin,    
Daniel Libeskind, 1999
Façade detail. The architectural concept envisioned 
a homogenous sheet-metal façade, which, during 
technical realisation, underwent a metamorphosis to 
a multi-layered rear-ventilated façade with embedded 
rain drainage and spillway.  

2

Guggenheim Museum, Bilbao,  
Frank O. Gehry, 1997
Geometrically complex building junction: solving the 
geometry and implementation of a façade system 
is part of the architect’s responsibility but without 
modifying the structural system of the post-and-beam 
façade.  

I n T R O D U C T I O n
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4

Winter gardens at the National Museum of Science and Industry, 
Parc de la Villette, Paris, RFR, 1986
With this hanging glazing, point-supported glass fixtures transfer the weight 
of the glass panes into the respective pane lying above; wire bracing ab-
sorbs the lateral forces.    

This approach is part of an integral design concept: an architectural design not only 

includes the concept, the composition of space and the organisation of the building’s 

functions but should encompass its structural realisation. The definition of surface and 

structural materials and their detailed application is an expression of the building as 

a whole. Thus, the detail is part of the architectural concept, to be understood as an 

element on a special scale. The architect needs to exercise creative control of this ele-

ment; otherwise, the detail will develop randomly and might influence the architectural 

expression contrary to its original conception. 

Today the architect can no longer control every detail in its technical entirety – the 

range of technological developments and product diversity has become too broad. This 

book will provide an overview of typical solutions, the underlying systems as well as 

their functionalities. This information will allow the architect to be a competent partner 

in façade design. It will enable him or her to understand the suitability of each system in 

a specific part of the design and to determine its technical and geometrical limits.  

We don’t see the façade as an isolated building component but as an integral ele-

ment with considerable importance in terms of the building’s appearance. It should in-

clude additional functions such as loadbearing, active or passive environmental control 

(3) and individual creative expression (4). 

 

3

Debitel Headquarters, Stuttgart,  
RKW Architektur + Städtebau, 2002
Example of integrative planning of architecture 
and environmental concept: this alternating 
façade was a new development, featuring an  
air intake system and a solar chimney for routing 
of the exhaust air.

I n T R O D U C T I O n
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Façade planning and construction 
Façades are not limited to the actual space they occupy as part of the entire structure, 

but also influence the space in and around the building. A façade is the key element 

when observing a building from the exterior and has impact on the interior. View, light-

ing, ventilation, user comfort, some building services and possibly loadbearing are all 

tasks the façade may need to address. Façades are an integral element of the entire 

building with direct relation to design, use, structure and building services. This has 

decisive impact on the entire design and construction process. 

Designing a façade is a process of communication and decision-making that focuses 

on the formulation of the building and its façade. The following steps can be defined as 

specific phases: initial conception, definition of functionalities, design, implementation 

coordination and assembly. Certain processes should occur during all of these phases: 

feedback on overall design and definition of functionalities as well as the element’s 

importance within the overall structure of the building (structure, building services en-

gineering, usage, safety).

We will describe an example of a functionality relating overall building design and 

façade construction. Water needs to be kept out of the building. The design might 

include, for instance, an overhanging roof with recessed windows. In terms of the con-

struction process, a layered construction method with targeted drainage via eaves gut-

ters or drainage edges would be preferred (5). Assembly would need to be executed 

from bottom to top in order to construct overhangs and ensure proper sealing. 

5

Eave as weather guard, Ouro Prè́to, Brazil  
Use of a large eave as weather guard for the wall and window 
planes below. In the protected upper storey, casement win-
dows were used, whereas in the lower storey, sliding windows 
were preferred since sealing this type of window is easier.

I n T R O D U C T I O n
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Similar relative effects can be seen in the example of a full glass façade: the design 

idea of a transparent envelope usually would entail the choice of a non-loadbearing 

façade to expose as much glass surface as possible (6). For the construction process, 

this would mean using a full glass façade set independently of the building structure. 

It would need to have a movable joint to avoid stress imposed on the glass façade by 

the main structure. 

Façade planning is an integral part of the design process that employs constant 

feedback. It is a process based on progressive steps. This book is structured accord-

ing to this schematic: the chapter ‘From Wall to Façade’ discusses the development 

of today’s façades and their typological classification; the chapter ‘Principles of Con-

struction’ explains the interrelationship between the building structure and the façade 

system; the chapter ‘Principles of Detailing and Tolerances’ broaches the issue of gen-

erating technical details for the general solutions defined previously; topics such as 

integrated design and building structure aspects of the façade are discussed in the 

chapter ‘Climate and Energy’; the chapter ‘Adaptive Façades’ analyses how façades 

can adapt to changing parameters; the section ‘Case Studies’ describes typical and 

special façade solutions on the basis of selected projects; in closing the authors pro-

vide an outlook into possible developments in façade technology.

Why do we now emphasise on façades being highly technological components 

when they have always been part of the architect’s scope of design? In particular, early 

 Modern Architecture captivates us with its technically simple detail solutions. Single 

glazing could be made simply, without complex aluminium profiles, just flat steel welded 

for an extremely slim section. 

6

Farnsworth House, Plano, Illinois,  
Ludwig Mies van der Rohe, 1950
This summer house lies embedded in the land-
scape; it sits on stilts to resist the annual floods 
and to evoke a sense of detachment from the 
surrounding area.  

I n T R O D U C T I O n
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Today’s buildings stand in stark contrast to these historic examples of Mies van der 

Rohe (7) und Niemeyer (9) – they consist of numerous complex and interlinked techni-

cal solutions for the loadbearing structure, technical equipment and the façade. Indi-

vidual design specialisations have evolved for each of these building components. The 

modern façade is a complex structure with numerous functions and complex techni cal 

realisation. When we look at the architectural façade solutions of early Modern Archi-

tecture, it becomes apparent that they were relevant in their time, but no longer fulfil 

today’s requirements. Increased demands concerning comfort, e.g. heat-insulation as 

well as air- and rain-tightness, in the context of most industrial countries no longer 

allow the use of single glazing. This results in the need for thermal separation of the 

con struction profiles followed by the consequent need to maintain this separation 

throughout window casements, drainage plains and jointing technology. The complexity 

of the technical aspects alone increases exponentially. If we further consider today’s 

increased knowledge in material science and its rapid development, the possibilities 

seem  endless, but so do the problems. 

7

Façade detail Farnsworth House, Plano, Illinois
The detail consists of an inner flat steel angle-bracket, a clamped single 
glazing without thermal insulation, and an outer finishing strip. As was cus-
tomary in those days, no thermal bridges or drainage within the profiles were 
provided. Because the house was used during the summer months only, this 
was deemed unnecessary.

8

Historic façades in Bilbao 
In Mediterranean climates, glazed balconies serve as part 
of the living space during transitional periods and as part  
climatic buffer during summer.

I n T R O D U C T I O n



12

Development trend complexity 
The prevailing trend in façade technology is its increasing complexity. The range of 

possibilities is expanding constantly and technical solutions become indicators for the 

state-of-the-art: more and more ‘intelligent’ façades (10) are being developed with the 

aim to increase the user’s comfort level. But since users need to undergo a process 

of familiarisation with the new technologies, the question of their actual practicality 

remains partially unanswered. Thus, some developments are being revised and a few, 

however sensible with regards to substance, even disappear. Today we know of the is-

sues of double façades and can better judge their advantages and disadvantages. They 

were built in quantities, but flawed conceptual designs or incorrect use and operation 

damaged their reputation. When looking at proprietary technologies and systems, we 

can see that these double façades do have historical predecessors; the Mediterranean 

box-window (8) for example, or decentralised air-conditioning units, so called ‘fan coil 

units’, which we have seen in older American high-rise façades.

9

Banco Mineiro de Produção, Belo Horizonte, Oscar Niemeyer, 1953 
The slim sections and single glazing have remained unchanged in Oscar 
Niemeyer’s administrative building because the local climate does not 
necessitate thermal insulation. Air-conditioning units for cooling the interior 
space in summer are positioned according to the requirement of the indi-
vidual user.  

10

ARAG Tower, Düsseldorf, RKW Architektur 
+ Städtebau with Foster and Partners, 2000
This well designed double façade is a shaft-box 
system with individual box windows and cross-
storey exhaust shafts within the glass façade. 

I n T R O D U C T I O n
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12

Juscelino Kubitschek Complex,  
Belo Horizonte, Oscar Niemeyer, 1951
North façade of a residential high-rise building from the fifties 
with sun protection lamellas which can be adjusted for each 
flat individually. Lamellas of varying incline create a textured 
surface that changes the building’s appearance – from a 
design point of view, a very modern façade.  

Current topics in façade technology development include energy, user comfort, indi-

vidual façade expression (11) as well as adaption of existing façades. These topics 

are all driven by the search for new solutions to create façades for varying functions, 

climatic circumstances and geographic locations (12). The authors expect two major 

trends to develop: further emphasis on technical developments with improved design 

tools, manufacturing methods and system variants, as well as simplifying the façade by 

integrating components and functions into façades that might be complex to design 

but easy to manage.

However, exclusiveness does not exist in façade technology: there are no definite 

right or wrong solutions. Façades always result from individual creative conceptions, 

designed for a specific place, context and architectural concept. This book should be 

viewed as a guide to analyse, consider and develop. It challenges the reader to stay 

informed about new as well as conventional topics, to learn by observing, inquiring and 

visiting construction sites. 

11

Institute of the Arab World, Paris,   
Jean Nouvel, 1989 
South façade of the Institute of the Arab World with a techni-
cal interpretation of the Arabic sun screen as an integrated-
pane system. The blinds open and close depending on the 
angle of the sun.

I n T R O D U C T I O n
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Solid wall construction 
People who lived in cold climates and populations who had 

adopted a settled mode of life preferred wall constructions that 

were as solid as possible (1, 4). Such walls are built up either of 

readily available building materials or of elements made suitable 

for the purpose by simple processes, such as naturally occur ring 

stones, squared stone or fired bricks. The objective was to build 

a wall that would stand up to climatic influences while still keep-

ing the building method as uncomplicated as possible. Though 

the construction and finishing of such solid structures has natur-

ally developed in line with advances in technology – present-

day solid walls are either built up of structural units with both 

loadbearing and thermal insulation properties or are pro vided 

with elements for this purpose – the basic principle  remains 

 unchanged. 

Warm façade, cold façade
Two different types of solid wall construction may currently be 

distinguished: warm façades (2), where the insulating layer is 

mounted directly on the outside or the inside of the façade con-

struction, and cold façades (3, 5) where the insulating layer is 

separated from the climatic protection layer by a layer of air. The 

latter principle allows the insulating layer to dry out if water pen-

etrates into the façade as a result of damage to the protective 

layer.   

1

Solid wall
Solid wall constructed from monolithic 
or composite elements, with or without 
a separate layer to provide climatic 
protection (here in the form of exterior 
rendering).  

The form and function of present-day wall and façade construc-

tions are the result of a long process of development, which is 

closely related to the history of humanity. Starting from the two 

original basic forms of human existence – the settled and the no-

madic – and the functional, technical and design-related require-

ments resulting from these conditions, we can outline the result-

ing forms walls and façades take and their further development. 

Depending on climatic conditions and the various life styles and 

dwelling styles that grew out of them, two essentially different 

basic principles for the construction of the outer envelope of a 

dwelling place came into use: solid walls fixed to one particular 

spot and designed for permanence on the one hand, and more 

flexible, less permanent façades – typically represented by tents 

for mobile use – on the other. 

The survey of the development trajectory given here follows 

not so much cultural or historical as construction trends against 

a background of structural and functional relationships. Thus, the 

development is not chronological but one in which the succes-

sive steps of the construction developments involved to bring 

out the interdependencies and relationships inherent in them, 

as well as the underlying logic. The resulting overview of the 

phenomenon of the façade should be seen as a snapshot from 

current perspectives that understandably focuses on present-

day developments but not limiting itself entirely to them. 

2 | From Wall to Façade 

2

Warm façade 
Warm façades have a thermal insulation 
layer applied directly to the surface of 
the building. If the insulating layer is 
applied on the outside, it also has to 
be water-resistant to ensure that the 
insulating properties are not lost due to 
weathering. If the insulating layer is on 
the inside, the ability of the solid wall  
to store heat will no longer actively  
influence the interior environment. 

3

Cold façade
Cold façades are characterised by the 
presence of a cavity, ventilated inter-
nally, between the outer layer that offers 
protection against the weather and the 
thermal insulation layer.  

F R O M  W A L L  T O  FA Ç A D E
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4

Marketplace in Siena, 13th century  
Solid masonry wall as a loadbearing and space-
enclosing structure.   

5

Port Event Center, Düsseldorf,  
Norbert Wansleben, 2002
The cold façade of the ground floor of an office 
building in the port of Düsseldorf. The transpar-
ent outer layer that offers protection against 
climatic influences allows the skeleton of the 
building, the ventilated cavity and the thermal 
insulation layer to be seen. 

F R O M  W A L L  T O  FA Ç A D E
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Driven by the wish to admit even more light into the interior of 

the building, the amount of masonry used in the wall was gradu-

ally reduced (8). As the Romanesque style of architecture was 

succeeded by the Gothic, the previously almost monolithic walls 

were progressively replaced by filigree structures that may be 

regarded as precursors of the skeletons used in present-day 

building techniques. The roofs were shell constructions with 

cross-wise support, resting on pillars and loadbearing walls (7). 

This allowed the vertical forces to be concentrated at a number 

of predetermined positions, from where these forces were trans-

ferred to the ground. This made it possible to create large open-

ings in the relatively unstressed parts of the walls. Since the 

transfer of loads also leads to lateral forces in this system, these 

lateral forces also have to be transferred to the ground by means 

of suitable ties or external buttresses.

  

6

Dissolution of masonry in a church window
The introduction of large windows in churches 
and cathedrals went hand in hand with a reduc-
tion in the area of masonry. The glass was 
divided into small panes, mounted in window-
frames. 

Openings were originally made in the walls to allow smoke to 

escape (6). At a later stage in the development, the openings 

were enlarged to let light in. The method used initially to solve 

the problem of the weakening of the fabric of the solid wall by 

the creation of openings in it was to use horizontal beams as 

lintels. 

In Gothic architecture, the amount of solid masonry used in 

the wall was gradually reduced to allow large areas of glass to 

be incorporated into the walls, with the aid of constructive tech-

niques of which the ingenuity is still impressive today. 

F R O M  W A L L  T O  FA Ç A D E

Solid wall construction 
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7

Cathedral of Amiens, 1220-1269
The space was opened up by dividing the 
structure into loadbearing and covering elements. 
Large areas no longer had any loadbearing 
function, thus allowing windows to be created 
in them. 

8

Merchants’ houses in Antwerp, 16th century
As the merchant classes increased in stature, 
building methods permitting large areas of glaz-
ing in façades also came to be used for profane 
purposes, as in these historic merchants’ houses 
surrounding the marketplace in Antwerp.    

F R O M  W A L L  T O  FA Ç A D E
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Bridging the gap  
Since the use of lintels to span large openings in walls (9) very 

soon reached its structural limits, the next stage in the develop-

ment was the use of arches for this purpose. In Gothic archi-

tecture, these arches became pointed since this form is more 

capable of bearing the weight of the wall lying above. Present-

day building styles continue to use lintels – made of steel or 

reinforced concrete – to span openings in solid walls (10).  

  

9

Openings in walls
Openings in a solid wall allow fresh air and light 
access to a building.

10

Bridging the gap
Openings in solid walls were initially spanned 
with wooden lintels. Arches were later intro-
duced, since they made it possible to bridge wid-
er gaps. In the Gothic style, these arches were 
pointed to allow them to bear greater weights of 
masonry above them. Modern architecture would 
conventionally make use of concealed loadbear-
ing elements to span openings. 

F R O M  W A L L  T O  FA Ç A D E
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Single glazing
A subsequent step in the development was to fill these open-

ings with translucent materials – e.g. thinly cut slabs of marble 

in the Roman thermae – to keep the heat in the rooms while still 

permitting natural lighting. The development of glass as a build-

ing material made it possible to fill the openings in the walls with 

single panes of glass that not only provided natural lighting in the 

houses but also allowed the people inside to view out (11, 12). 

The production technology initially only allowed small panes of 

glass to be made, and the resulting windows were correspond-

ingly small. Development of the glass-in-lead technique made 

it possible to construct much larger windows. This, combined 

with the use of stained glass, allowed magnificent results to be 

achieved especially in sacred architecture. At present, large sin-

gle glazing is often used mounted in steel frames (10). 

11

Single glazing
Single glazing was used in apertures to provide 
natural lighting, to allow views out from inside 
the building and vice versa, and to prevent heat 
loss from the building. Various techniques were 
developed to join initially available small panes of 
glass so that larger openings could be filled.  

12

Weißenhof Siedlung, Stuttgart, 1927, Ludwig Mies van der Rohe,  
Le Corbusier, Walter Gropius 
Single glazing in steel window frames in a building complex at the Weißen-
hof Siedlung in Stuttgart. The windows are positioned on the outside of the 
wall apertures to produce a flat façade. 

F R O M  W A L L  T O  FA Ç A D E
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14

Loggias in façade, Bilbao
These loggias built in front of the actual windows 
may be regarded as a variant of the box window: 
in spring and autumn, these spaces can be used 
as an additional room while in winter they are 
closed off to act as an extra climatic buffer.  

Box window
The box window may be seen as a further stage in this develop-

ment. Here a second pane of glass is added, slightly set back 

from the first, to create an additional climatic buffer if this is re-

quired by the climate or the season (13, 14). The space between 

the panes is not hermetically sealed, to avoid condensation. 

This may be called the first intelligent wall: depending on the 

state of the weather or the occupant’s needs, the second win-

dow pane can be slid up to let in the outside air or slid down to 

improve thermal insulation. 

13

Box window
A box window is produced when a second pane 
of glass is installed to meet seasonal conditions. 
Depending on the temperature, the user can 
decide how many panes should be opened.   

F R O M  W A L L  T O  FA Ç A D E
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Insulated glazing
The next step arguably in the development of the box window is 

insulated glazing or double glazing. This consists of two panes 

of glass permanently joined together with an insulating layer of 

air or inert gas in between (15, 16), providing a more effective 

barrier between the internal and external environments.

After some experimentation with different methods of glass 

mountings, the panes of glass are nowadays usually mounted in 

aluminium frames with the aid of a silicone sealant. 

 

15

Insulated glazing
Two panes of glass permanently joined together 
to give insulated or double glazing a more ef-
fective barrier between the internal and external 
environments. 

16

Fondation Cartier, Paris, Jean Nouvel, 1994
The façade consists of single glazing on the left 
and double glazing on the right. 

F R O M  W A L L  T O  FA Ç A D E
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17

Tent
Tent-like structures arose through the need to 
move one’s home frequently from one place to 
another as is inherent in the nomadic way of 
life. These structures were designed for ease of 
assembly and dismantling, which made it neces-
sary to separate the functions of support and 
enclosure.   

In a parallel line of development found in nomadic societies, 

tents consisting of a supporting skeleton and an outer covering 

to keep out the elements were the main form of building (17). It 

would be clear that in order to facilitate the transport of the tent, 

both the skeleton and the outer cover had to be as lightweight 

as possible. There was no place for massive structural elements 

here. Under these conditions, it was necessary to separate the 

functions of support and enclosure. 

  

Walls with skeletal structure  Half-timbered construction 
The two parallel developments outlined above, of the gradual dis-

solution of the solid wall to give more window space, and of the 

tent with its separation of support and enclosure, combined to 

bring about the gradual transformation of the solid wall into the 

relatively lightweight modern façade. This is achieved by building 

a supporting frame or skeleton (originally of timber) and infilling 

in the intermediate spaces with an appropriate cladding (19).  

The European predecessor of this building technique is half-tim-

bered construction (18), in which a timber skeleton is built and 

the spaces in between the timber elements are infilled in with 

different materials according to the region: interlaced branches, 

mud or clay (the combination of these two being the well-known 

‘wattle-and-daub’), or bricks. Apart from the choice of material 

for infilling the gaps in the timber skeleton, these structures may 

vary in the method used to mount successive stories: the ceil-

ing of one storey, and the floor of the one above, may either be 

mounted in the wall (as in the French or Normanic tradition) or 

rest on the wall (as in the Germanic tradition). In the latter case, 

we get the overhanging of successive storeys that was charac-

teristic of medieval European buildings. 

  

18

Half-timber houses, Detmold, 16th century
In a half-timbered construction, the loadbearing capacity is provided by the 
skeletal structure while the infill in the intermediate spaces merely has an 
enclosing function. The overhanging of successive storeys is clearly visible.
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Timber-frame construction
A timber-frame structure is built up of relatively 
slender timber members, the space between 
which is infilled up with cladding on the inside 
and the outside. The space between these two 
layers of cladding acts as thermal insulation.

Platform and balloon framing
The American variant of this principle is the timber-frame con-

struction. This consists of bearing timber members, the spaces 

between which are infilled with sheets of wood products. Since 

this type of construction does away with a solid outer wall, it has 

poor thermal buffering properties.

A distinction is made here between platform frames and bal-

loon frames: in balloon frames (21), the ceiling of one storey, 

and the floor of the one above, are mounted in the wall while in 

platform frames (20) they rest on the wall. In multi-storey build-

ings, the walls are erected on the completed platform provided 

by the flooring. 

  

21

Balloon frame
A balloon frame consists of posts one storey 
high provided with cladding on the inside and the 
outside. In contrast to platform frames, balloon 
frames have the ceiling/floor unit built into the 
wall.  

20

Platform frame
In the platform frame variant of the timber-frame construction, widely used in 
America, the walls are made of vertical timber members of which the spaces 
in between are infilled with wooden boards and thermal insulation material. 
The ceiling of one storey, i.e. the floor of the one above, rests on the wall. 
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On the basis of these developments, Neoclassical architects fi-

nally succeeded in separating the outer envelope of a building 

completely from its loadbearing structure, thus allowing the wall 

to dissolve into a façade. The bearing function is provided by 

columns, which are as far as possible enveloped into the interior 

of the building, while the façade leads an almost independent 

existence on the exterior (22). 

 

22

Farnsworth House, Plano, Illinois,  
Ludwig Mies van der Rohe, 1950
An example of the total separation of loadbearing structure 
and façade is provided by the Farnsworth House designed 
by Mies van der Rohe. The plane of the loadbearing structure 
is situated in front of the façade, emphasising the dual-plane 
design theme. The glass façade situated behind the loadbear-
ing members is very unobtrusive, almost eliminating the visual 
difference between inside and outside in this highly innovative 
creation.

The development described above took thousands of years. The 

subsequent steps in the development process occupied no more 

than about a century. Once again, there is no need to trace the 

development in chronological order – it makes more sense to 

outline the structural development trajectory. 

In the run-up to the Neoclassical era, architects did their best 

to separate the various functions of the wall even further. Bear-

ing, sealing and the transmission of light were becoming more 

and more clearly distinguished from one another, though it may 

be noted that technical limitations did not yet allow the loadbear-

ing function to be completely separated from the others. Never-

theless, it had become possible, for example, to incorporate 

large window openings in the wall without the need for structural 

connections of the kind that were required in the churches and 

cathedrals of previous centuries.

Resolution of the wall into loadbearing structure and façade  
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Post-and-beam façade 
The further resolution of the wall into façade and loadbearing 

structure is based on theoretical ideas that were developed at 

the time, and led in the last analysis to the glass boxes that are 

such a common feature of present-day cityscapes. 

The next evolutionary stage – not so much in chronological 

as in structural order – was the development of the post-and-

beam façade as the logical next step in the dissolution of the 

solid outer wall. This system consists of storey-high posts linked 

by horizontal beams. The gaps between successive posts and 

beams can be made to perform various functions, such as for 

cladding, lighting and ventilation (23, 24). In these standing 

post-and-beam façades, the posts serve not only to transfer the 

wind forces and self-weight of the structure to the ground but 

also to provide support for the cladding and other functions.

24

Library, Delft University of Technology, 
Mecanoo, 1998
Post-and-beam system used in the new library 
at Delft University of Technology, consisting of 
vertical post and horizontal beam elements. The 
panes of glass are mounted in external frames.

23

Post-and-beam façade
Post-and-beam façades consist of storey-high 
posts linked by horizontal beams. The spaces 
between these members house the appropriate 
functions.
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Post façade 
Apart from pure post-and-beam systems, post systems and beam 

systems (where tie rods are used to bear loads) have also been 

developed. The objective of these variants is always to increase 

the degree of openness, thus improving the transparency of the 

structure. In post systems, the structural limit is determined by 

the maximum permissible distance between posts (25).  

25

Post construction
The storey-high posts lead wind loads and the 
self-weight of the structure to the ground.  

Beam façade 
When the construction is reduced to using only beams instead 

of a standing post-and-beam system (28), the result is a sus-

pended system (26) where loadbearing capacity comes from 

above to reduce structural mass and to avoid exposing structural 

elements to buckling. Such systems generally require heavy-duty 

tie-rod structures mounted near the roof to bear the weight of 

the façade. The beams only have to resist lateral forces.  

26

Beam façade 
Façade constructions in which only beams are 
used require a vertical suspension system to bear 
the weight of the façade. Wind loads are here 
transferred to the ground via the beams.  

F R O M  W A L L  T O  FA Ç A D E



27

Curtain wall
From a structural point of view, systems in which the façade 

hangs from the front of the roof may be regarded as precursors 

of the development of curtain walls (27, 29). Since the construc-

tion is practically independent of the building’s main loadbearing 

structure, the façade can be partitioned almost at will and clad-

ding or glazing used to meet the various aesthetic or functional 

requirements. The vertical and lateral loads are generally led to 

ground floor by floor, but special loadbearing elements may be 

added to bridge longer spans.

28

Standing post-and-beam façades
Standing post-and-beam façades usually consist of 
storey-high modules. However, the problem of the post 
being subjected to buckling has to be considered.  

27

Federal Center, Chicago, Ludwig Mies van der Rohe, 1964
Mies van der Rohe’s Federal Center in Chicago is an example of a curtain 
wall. It reflects the demand for industrially produced façades that at the 
same time satisfy architectural preferences: the façade is made up of pre-
fabricated elements, assembled by craftsmen on site.

29

Curtain wall
Unlike pure post-and-beam systems, curtain walls are sus-
pended from above with the aid of tie rods. This approach 
has the advantages of avoiding buckling in the posts and 
of a large degree of independence from the main struc-
ture of the building.
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System façade 
The curtain walls used at the moment may be divided into stick 

and unit systems (30). Depending on the type of construction, it 

may be possible to prefabricate various elements of the wall and 

assemble them on site, or to prefabricate the entire system wall 

off-site and install it as a whole. Despite its advantages such as 

guaranteed production quality, rapid assembly and low labour 

requirements on site, this approach is still limited to special ap-

plications such as high-rise buildings (31) because of the high 

level of logistical investment required (e.g. the use of cranes for 

assembly work). 

30

System façade 
System façades, unlike post-and-beam systems, 
can be fully prefabricated and mounted on site by 
a small labour force. 31

Westhafen Haus, Frankfurt,  
Schneider + Schumacher, 2005
This system façade consists of storey-high 
façade elements mounted on an external frame, 
together with glazing and ventilation ducts built 
into the vertical posts. The separation of the 
façade from the building’s loadbearing structure 
by means of the supporting elements behind the 
façade is distinct.
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cal and design possibilities of this approach has been replaced 

by a more pragmatic approach on the basis of greater under-

standing of the mechanisms underlying the effects produced. As 

a result, double façades now tend to be used only when called 

for. There is no need for double façades on all sides of every 

new building. Under certain circumstances, however – e.g. high 

levels of street noise, high wind loads or increase in building 

height – such façades may be the appropriate and economical 

solution (33).

33

Single and double façade:  
Triangle Building, Cologne,  
Gatermann + Schossig, 2006
An example of the façade for a high-rise building 
offering different functions depending on the 
requirements. The single façade may be seen on 
the right of the picture, while on the left an ad-
ditional layer of glazing has been added to create 
a double façade with a ventilated space between 
the two layers.

Double façades
One of the interesting developments that may be observed at 

this time is the rise of the double façade (32) resulting from the 

shift of various functions related to the interior functions of the 

building immediately behind the façade. For example, instead of 

installing ventilation systems in the building, the ventilation can 

be provided by thermal insulation between the two layers of the 

façade. On the basis of experience, the initial variants of this 

concept have developed into ventilation systems encompassing 

one or several stories. The initial euphoria concerning the techni-

32

Double façade 
A double façade is obtained by adding an extra 
layer of glazing outside the façade to provide the 
building with ventilation or additional sound-
proofing. This system may be realised in various 
ways, depending on the functions desired and 
the requirements made on the façade.  
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Second-skin façade
On the basis of present knowledge of the underlying principles, 

four main types of double façades may be distinguished. The fi rst 

variant, known as the second-skin façade, is obtained by adding 

a second layer of glass over the entire outer surface of the build-

ing (34, 35). This has the advantage of technical and structural 

simplicity and the fact that it does not involve a large number of 

moving parts since the outer layer of glass is simply mounted on 

the inner façade structure and ventilation mechanisms only have 

to be provided at the top and bottom zones of the façade. The 

disadvantage is that it offers few possibilities of controlling the 

interior environment of the building; there is thus an attendant 

risk of overheating. 

34

Second-skin façade
A second-skin façade is produced by adding an 
external layer of glass to the inner façade. This 
has the advantage of being easy to construct but 
the disadvantages of limited control possibilities 
on the interior and the attendant risk of overheat-
ing.  

Box-window façade
The second variant embodies the above-mentioned principle of 

the box window, by including storey-high façade elements in the 

system, which individual users can open at the top and the bot-

tom (36). The advantage of this model is the freedom the sys-

tem gives individual occupants in controlling their own internal 

environment. The disadvantage is that the freedom given to one 

occupant may have an adverse effect on the conditions experi-

enced by another, since e.g. the exhaust air from one fl oor can 

infl uence the quality of the incoming air on the fl oor below. This 

problem can be avoided by staggering the ventilation inlets and 

outlets.

 

35

Box-window and second-skin façade
On the left we see a window element added on 
the inside to form a box-window façade, while 
on the right an early example of a second-skin 
façade may be seen. This has been created by 
adding an additional layer of glass outside the 
basic façade.
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Corridor façade
To deal with the problem of interference between the ventilation 

systems at different levels, the third variant – the corridor façade, 

with staggered air inlets and outlets – was developed. This used 

vertical baffl es in the space between the two skins to prevent 

horizontal fl ow of air that could give rise to noise interference 

between neighbouring rooms. It is, however, not always possible 

to install these baffl es, since this type of façade depends on the 

presence of horizontal connections (37, 38).

37

Corridor façade
Corridor façades connect neighbouring double-
façade elements in order to permit staggered 
ventilation of the space between the two skins.

38

Stadttor Building, Düsseldorf, 
Petzinka Pink und Partner, 1998
An early example of a corridor façade: the storey-
high façade elements have rotary timber baffl es 
on the inside and a continuous glass skin on the 
outside.  

36

Box-window façade
Storey-high box windows with ventilation fl aps at 
top and bottom offer the possibility of individual 
control.  
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Shaft-box façade
The most effective version of the double façade, but that involv-

ing the greatest constructional and control-engineering effort, is 

undoubtedly variant number four, the shaft-box façade (39, 40). 

Discrete box windows or other façade elements release their ex-

haust air into a shaft mounted on the façade and extending over 

several fl oors for greater thermal effi ciency. The height of the 

shaft means that a stack effect ensures vertical motion of the air 

in the shaft, hence enhancing the effi ciency of the system. 

39

Shaft-box façade
Shaft-box façades, featuring box windows that 
release their exhaust air into a shaft that extends 
over several fl oors, offer a double façade system 
that requires complex installation but is highly 
effective.

40

Photonics Centre, Berlin, 
Sauerbruch Hutton Architects, 1998
Early variant of the shaft-box façade, consisting 
of vertically separated ventilation shafts in the 
plane of the façade which merge at the top for 
effective ventilation of the space enclosed by the 
double façade.  
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Alternating façade
The double façades described above do not offer complete so-

lutions to the problem of variable ventilation requirements. One 

approach to this problem was the development of alternating 

façades (41, 42). These are basically single-skin façade con-

structions that can be converted locally to double façades by 

the addition of a second skin. The objective here is to combine 

the benefi ts of the simplicity of the single-skin façade with the 

buffering effect of the double façade.  

41

Alternating façade 
In alternating façades, a second skin is added lo-
cally to a single-skin façade construction to give 
the benefi ts of the buffering effect of the double 
façade in the areas affected. 

42

Debitel Headquarters, Stuttgart, 
RKW Architektur + Städtebau, 2002
RKW worked together with Transsolar Climate 
Engineering to develop an alternating façade for 
the Debitel head offi ces in Stuttgart. Different 
parts of the façade in this building were built as 
single-skin façade with a permanent louvre layer, 
single-skin façade with a louvre layer behind it 
and double façade.
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Integrated façade
The idea of the double façade underwent consistent further de-

velopment by integrating functions other than ventilation, such 

as air-conditioning or control of lighting levels, in the façade. The 

resulting system was then generally called a ‘modular façade’ 

or ‘hybrid façade’ (43, 44). When taken to the extreme, it of-

fers the possibility of divesting the building itself of all functions 

apart from that of bearing its self-weight and incorporating the 

enclosure function as well as all environmental-engineering func-

tions within the façade. This constructional approach could thus 

engender a hitherto unknown synergy between façade construc-

tion and internal environmental control engineering, leading to a 

fundamental change in building design. Instead of the old core-

oriented approach, a number of essential functions are now 

transferred from the core to the façade.   

44

Integrated façade
The integrated façade incorporates not only 
ventilation functions as described above but 
also active environmental-control or lighting 
components.

43

Post Tower, Bonn, Helmut Jahn, 2003
Helmut Jahn worked together with Transsolar 
Climate Engineering to develop one of the first 
hybrid façades for the Post Office Tower project 
in Bonn. Environmental-control modules built into 
the top part of the façade could be controlled 
locally as individual units.  
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During the design of the Lloyd’s building in London in 1978 Mike 

Davies, a colleague of Richard Rogers, developed the concept 

of the ‘polyvalent wall’ – a façade that apart from the classic 

functions of sealing and insulation can also assume other func-

tions such as environmental control, ventilation and individual 

control of lighting. Consideration of current developments in the 

hybrid façade shows that we still have a long way to go to reach 

the ideal polyvalent wall envisaged by Mike Davies. Apart from 

the above-mentioned limitations associated e.g. with the dou-

ble façade (45) and the technical problems associated with the 

construction, operation and logistics of the modular façade, it 

may be argued that concentrating exclusively on improving the 

glazing is a dead-end approach: if one tries to incorporate all 

functions in the glass, problems still remain in the design of a 

particular building component or the choice of the best building 

material. At present, a more sensible philosophy would seem 

to be the separation of functions into various levels and their 

incorporation within various building components, which are then 

ultimately combined in the modular façade (46).  

45

Stadttor Building,  
Petzinka Pink + Partner, 1998
An early example of a double façade: the exterior 
glass envelope protects the interior timber façade.

46

debis Headquarters, Renzo Piano, 1997 and 
Daimler-Chrysler Building, Hans Kollhoff, 
1999, Potsdamer Platz, Berlin
The appearance of these façades – glass or 
solid – is quite different while function and use 
are similar.
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The façade separates the usable interior space from the outside 

world. Before addressing today’s façade constructions we would 

like to call to mind the different functions that a façade serves: 

it defi nes the architectural appearance of the building, provides 

views to the inside and outside, absorbs push and pull forces 

from wind loads, bears its self-weight as well as that of other 

building components. The façade allows sunlight to penetrate 

into the building while usually providing protection from the sun 

at the same time. It resists the penetration of rainwater and has 

to handle humidity from within and without. The façade provides 

insulation against heat, cold and noise and can facilitate energy 

generation. 

Sketch 1 shows the complexity of the requirements to be fulfi lled. 

These requirements need to be considered during all phases 

of the façade construction: during the conceptual phase, while 

working on the principles of construction, during detailing and 

lastly during construction. 

Basically we desire a structure that is as simple as possible 

yet carries out all these functions and is adaptable to changing 

infl uencing factors. It should be an adaptive envelope similar to 

the human skin, fulfi lling several functions of the body. 

Today’s façade is based on developments spanning several 

millennia. The solutions currently in use result from tried and test-

ed construction methods, the materials available and traditional 

production and assembly processes. 

 

1

Façade functions
A façade must fulfi l various requirements.

P R I n C I P L E S  O F  C O n S T R U C T I O n
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Areas of construction
In the following we will describe the principles of construction 

using a metal and glass façade as an example.

Three main areas of construction (2) can be defi ned within 

the façade:

• Primary structure (shell of building) forming the main loadbear-

ing structure of the building  

• Secondary structure, which is the loadbearing structure for the 

façade and constitutes the connecting element between levels 

one and three

• Infi ll elements

The primary purpose of this assembly lies in the separation of 

the above mentioned functional requirements that the façade 

needs to fulfi l. The functions are distributed among several dif-

ferent components. This arrangement simplifi es the connection 

of individual façade components with each other and provides 

options to compensate for moving parts.

The primary structure takes on the loadbearing function of 

the entire building and transfers the loads from the façade to the 

foundation. 

 

The secondary structure comprises the loadbearing structure of 

the façade. It transfers its loads onto the primary structure. At 

this ‘interface to the interior’ the differing movements of the shell 

of the building and the façade need to be balanced. In addition, 

these two structures are typically assigned to different subcon-

tracts; the shell of the building usually falls under the subcontract 

for concrete work whereas the façade is assigned to the metal 

subcontract. As these elements are manufactured by different 

companies, there is a need for special coordination at these in-

terfaces. Manufacturers’ tolerances of the shell of the building 

(concrete) lie within the centimetre range whereas the façade 

(metal) tolerates only deviations of millimetres. 

At the same time infi ll elements such as glazing, panels etc. 

are mounted on the secondary structure. This ‘interface to the 

exterior’ has to fulfi l its own functions: the elements have to be 

windproof, resist water penetration, or it must be re-channeled 

to the exterior, movements between the elements and the sec-

ondary structure have to be tolerated and thermal bridges have 

to be avoided. Thus the secondary structure is a very complex 

component.

Of course there are also façade constructions where the pri-

mary and the secondary structures form one component, i.e. the 

secondary structure is part of the loadbearing structure of the 

building. In this case the interfaces to the internal and the ex-

ternal are reduced to one. When using this type of structure we 

need to closely examine it with regard to tolerances, defl ection 

and building physics. And if the façade is part of the loadbearing 

structure of the building, individual façade components cannot 

be easily exchanged. 

 

2

Schematic representation of the elements 
of façade construction 
In principle all façade constructions are based on 
this schematic design; however, different functional 
requirements can be combined into one component. 
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Façade bearing structures and load transfer
We can differentiate between different types of loads affecting 

the façade structure: 

• Self-weight of the façade components

• Weight of snow

• Wind load (push and pull)

• Live loads e.g. a person colliding with the inside of the façade 

which in turn must be prevented from falling. (Fall protection)  

• Stress loads. These are caused by defl ections of components 

through changes in temperature or humidity. 

The actual space enclosure is created by the infi ll elements (3). 

These can comprise glass panes for lighting and view, panels for 

heat insulation and opening fl aps for ventilation. The elements 

can also be layered. For example, it might be practical to arrange 

sun shading on the outside of the glazing. Double façades are 

another example of the principle of layered functions. Basically 

all façade designs can be categorised according to this system. 

3

Academy Mont Cenis, Herne, Jourda & Perraudin, 1999
The timber column of the primary structure can be seen on the inside; the 
secondary structure consists of wooden posts. Glass panes and ventilation 
fl aps form the space enclosure.
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Load transfer
The drawing shows a suspended structure on the left, a single-sto-
rey supported structure in the centre and a two-storey supported 
structure on the right.
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First we will examine a façade with extensive glazing and a pe-

rimeter frame structure (5) and its load transfer as per the above 

mentioned areas of construction. 

The self-weight of the glass panes acts downward parallel 

to the façade. If glass panes are not fi xed by planar fi ttings or 

suspended from above they sit on two plastic blocks. Only two 

blocks are necessary because vertical glass panes do not sag 

and therefore rest on two support points only, no matter how 

many support blocks are being used. For optimum structural in-

tegrity these blocks should be situated at a fi fth of the distance 

from the edge. In this example the load bears on the lower edge 

of the frame (secondary structure). Depending on the type of 

glass used, a functional panel with several individual glass panes 

can weigh half a ton and more! The fi xed connections hold the 

façade in place whereas the loose connections compensate for 

movements of the construction.

The push-pull-forces from the wind load and other dynamic loads 

acting vertically on the façade are transferred from the functional 

layer to the linear secondary structure (frame). 

In turn the secondary structure transfers the loads to the pri-

mary loadbearing structure. It is to be expected that the façade 

as an exterior building component is subjected to different 

weather conditions than the shell of the building on the interior. 

Additionally, the façade is usually made from different materials, 

resulting in different linear expansions. Furthermore the primary 

structure is impacted by other loads and is liable to defl ect ac-

cordingly. To avoid wedging, the secondary structure is support-

ed on its lower edge or it is suspended from above (4). 

In most cases it makes sense to transfer the façade loads 

storey by storey and to add expansion joints so that variations 

in dimensions do not add up across several storeys. This be-

comes possible when the secondary and the primary structures 

are separated.

5

Façade load transfer
Different types of loads that need to be transferred.
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a)

b)

c)

d) e) f)

If the façade is part of the primary structure (shell of building) 

and has a loadbearing function we need to consider the expan-

sion differentials. In comparison to two separate structures, this 

can be a lot more complicated because the loads cannot be 

transferred via expansion joints as described above.

The drawing shows further examples of loadbearing systems 

for metal and glass façades (6). 

Loadbearing systems

a) Secondary structure without posts. The glass 
pane is subjected to one-sided vertical tension 
and must be dimensioned accordingly.

b) Secondary structure without beams

c) Secondary structure with small partitions. 
Elements of varying functions are infi lled.

d) Secondary structure consisting of lateral tie 
rods to transfer wind loads. Cables transfer loads 
up through the primary structure. 

e) Replacement of the secondary structure by 
half-timbered structure.

f) Cable-mesh structure. The glass panes are 
connected with the cable-mesh structure by pla-
nar fi ttings mounted at the corners. The façade 
behaves like fabric under tension and relatively 
large linear defl ections occur. This results in a 
rather large movement of the edge of the façade 
towards the façade plane, which has to be taken 
into account in the design of the structural con-
nections.  

6   
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In conclusion, there are numerous structural systems available 

for façade construction (7-9). The decision for a specific system 

depends on the following factors:

• Type of primary structure or shell of building

• Load transfer from the exterior towards the interior

• The size and properties of the infill elements 
  (glass dimensions, deflections, weight, etc.)

• Architectural design

 

9

Point fixing façade
The loads from the glass panes are transferred via point fixings.

8

Wilhelm Lehmbruck Museum Duisburg,  
Manfred Lehmbruck and Klaus Hänsch, 1964
The façade consists of suspended glass panes with upper and lower  
framing. The suspended design allows for thinner glass material than a  
supported structure. 

7

Detail of a cable-mesh façade
The glass panes are connected with the cable-
mesh structure by point fixings mounted at the 
corners. 
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Most buildings are designed with repetitive units, the so-called 

modular unit. The resulting grid helps to structure and organise 

the building volume into units based on the modular dimension. 

Thus, the position of each building component is specifi ed and 

geometrically related to the adjacent components. Such grids 

are used to organise the entire fl oor plan as well as the individual 

components, e.g. masonry. 

This kind of repetition is benefi cial for the entire building proc-

ess. In structural engineering, for example, a breakdown into 

standardised spans saves time and effort. Planning and commu-

nicating with project team members is simplifi ed when everything 

relates to a basic grid. Even the furnishing of a building becomes 

easier. Of course different types of buildings may require differ-

ent grids due to particular requirements, resulting in different 

structural systems. 

Offi ce buildings, for example, are usually based on a grid of 

1.35 m (1.48 yd), allowing efficient furnishing. If the building 

comprises an underground parking garage the primary structure 

is usually based on a structural grid of 5.40 m or 8.10 m (5.91 

yd or 8.86 yd), both multiples of the 1.35 m (1.48 yd) modular 

unit. This leaves suffi cient space between the columns for two or 

three car-parking spaces.

It is most effi cient to use the same grid for the façade as for the 

building itself. Typically we distinguish between a primary and a 

secondary grid. The primary grid is based on the grid of the pri-

mary structure and the secondary structure of the façade is then 

aligned with the secondary grid. Hence the façade and bearing 

structure can be specifi ed independently, and elements can be 

arranged at an offset. The recurrence of the geometrical relation 

between the shell of the building and the façade, i.e. the primary 

and the secondary structure, facilitates the alignment of joints 

and other details.

There are two basic grid types, whereby both can be com-

bined in various ways (10).

Centreline grid: The base grid is aligned with the centreline of 

the building components. The length of the centreline is not de-

fi ned. This can be particularly useful if the sizes of some or all 

components are not yet known.

Modular grid: A modular grid describes the extrapolation of the 

primary structure. The secondary grid of the façade is aligned 

with this primary grid. Zones with visibly varied widths are cre-

ated in areas b and c.

Primary and secondary grids at an offset: Offsetting the 

façade grid in relation to the secondary grid can have an inter-

mediary effect. However, this needs careful consideration when 

designing the wall joints. Sometimes intermediate members (c) 

have to be inserted for adjustment, or they can be used as an 

optional design element.

One of the most important attributes of a grid is that its defi nition 

entails a design decision. The organising principle of the grid is 

expressed in the façade. It defi nes the façade’s proportion and 

rhythm. And choosing a particular grid helps to determine the 

horizontal and vertical arrangement of façade elements. 

Grid and positioning of the façade within the building

P R I n C I P L E S  O F  C O n S T R U C T I O n
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Deciding on the position of the façade in relationship to the load-

bearing structure of the building is one of the primary considera-

tions in terms of the design and structure of the building (11-12).

11

Atlasgebouw Wageningen,
van den Oever, Zaaijer & Partners Architecten, 2006
The façade lies behind the building’s loadbearing structure.

12

The façade’s position 
a) The secondary structure of the façade is 
positioned in front of the primary structure of the 
building. The shape of the ceiling slab in front of 
the column can vary. If the grids were aligned the 
size of the corner elements would be predeter-
mined. The corner is transparent. It is possible 
to avoid showing the ceiling slab in the exterior 
façade grid. When doing so special conside-
ration needs to be given to the space between 
the façade and the shell of the building for fi re 
protection. 

b) The façade is fl ushed with the primary struc-
ture. The surface of the ceiling slab needs to 
be insulated due to thermal requirements. The 
column’s position creates an enclosed façade 
corner.

c) The façade is situated behind the primary 
structure. In this example the ceiling-fl oor unit 
penetrates the building’s insulation, and therefore 
needs to be thermally decoupled. The column 
stands unattached in the outer corner.

12
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Manufacturers test their systems for resistance to wind-driven 

rain, thermal insulation, air permeability, sound insulation, fire-

resistance and building security. The design of the glass fixtures 

and the load-transfer joints between the post-and-beam sections 

are factory-certified. It is therefore possible to pick and choose 

from various systems.

The following applies to all systems: the actual task of design 

is to find applicable solutions for the system interface, i.e. the 

connection with other components. Within the individual system 

standards can be applied. However, for design and application, it 

is very important to know the strengths and weaknesses of each 

system under consideration.

It is the architect’s job to specify the performance and tech-

nical requirements and to consider building regulations as well 

as those related to fire protection, sound insulation and thermal 

protection. In addition he/she is responsible for specifying the 

loadbearing structure, the façade and elemental grids as well as 

for determining the connection methods.

The actual construction planning at the construction site is 

then done by the contractors. The architect cannot possibly know 

all the details of the system. A portion of the production and as-

sembly process is therefore beyond his control. This means that 

existing planning methods and communication processes during 

the execution of the construction need to be adapted to the new 

concepts and manufacturing methods. This is the only way to 

achieve efficient and safe process execution.

Systems used in façade construction
On surveying current building trends, it becomes apparent that 

almost all buildings use systemised façades. This means that spe-

cific parts of the structure comprise standardised components 

provided by façade suppliers. So why do we need systemised 

solutions and how do they affect the planning and design of the 

façade? 

Designing façades used to be part of the architect’s job (13, 

14). Previously, technical considerations such as thermal trans-

mission coefficient or resistance to wind-driven rain were not rel-

evant in the design process as the requirements were more basic. 

Problems arose when actual leakages or similar defects occurred. 

Much has changed since then, at least in the industrialised world. 

Because technical requirements have increased significantly, they 

are now fully regulated and can only be fulfilled by adopting so-

phisticated methods. 

The necessity for systemising the façade is obvious, as the 

high demands of building performance now render the façade a 

particularly complex building component. 

In addition to ease of design, systemised solutions offer the 

benefit to contractual parties of a predictable scope and se-

quence of the construction, from design and tender to the work in 

situ – resulting in better process control. This is also true for the 

dimensional tolerances allowed for a specific project.

13

Crown Hall, Illinois Institute of Technology, Chicago,  
Ludwig Mies van der Rohe, 1956
The façade consists of a combination of steel sections. This design cap-
tivates us with its clean combination of materials, structural system and 
formal appearance.

14

Crown Hall, Chicago, façade detail 
This solution does not provide any thermal protection according to today’s 
criteria. Resistance against rain penetration was considered during detailed 
design but a secondary drainage system, for example, is missing. The entire 
execution of the façade was done in situ.
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Post-and-beam construction
Since post-and-beam is a widely used type of structure we want 

to provide a closer description. The base structure consists of 

loadbearing sections made of timber, steel or aluminium which 

assume the structural function of the façade (15). The sealing 

system on the interior is mounted onto this structure. Typically, 

aluminium sections are designed specifi cally to absorb the loads 

from this sealing system. Next would be the layer of the infi ll ele-

ments. These can be glass panes, windows or doors. The infi ll 

elements are mounted onto the posts and beams via mouldings 

that also constitute the outer sealing system. The load of the ele-

ments is transferred into the beams through support blocks. Wa-

ter will always penetrate through the exterior sealing system into 

the construction. However it is channelled through the interior 

beam sealing into the interior post sealing system. At the base, 

the water must then be safely drained to the outside. The execu-

tion of the interface between beam and post sealing is therefore 

particularly important. 

Depending on the glazing required or insulation value of the 

sections, different sealing systems can be used and combined. 

The design of the posts, beams and cover strips are generally 

independent of the system. For example, the system can be 

mounted on a loadbearing timber post. The post’s profi le is de-

signed specifi cally to accommodate the sealing system.

Typically the posts are mounted to the shell of the building with 

three-dimensional brackets (16). Then the beams are mounted, 

followed by the sealing system with the glass elements (17). 

The perimeter connections are next. After the mouldings are 

mounted, the structure is sealed. By default, the visible width of 

the sections is between 50 mm and 60 mm (2.36 in and 1.97 

in). Since the infi ll elements have to stay safely in place without 

 slipping out of the seals when the façade defl ects, this system 

does not really allow for narrower sections. 

15

Post-and-beam construction
Perspective drawing of a junction 

16

Assembly process of a post-and-beam structure
Typically the beams and posts are assembled in succession. 

17

Stacked timber structure for a post-and-beam façade
The secondary structure of the façade consists of loadbearing timber posts 
and beams. A sealing system is mounted onto the posts forming the inter-
face to the exterior elements, e.g. the infi ll elements. Aluminium brackets are 
attached to the beams (as shown).
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Unit system façade
The second most well-established façade system is the prefab-

ricated unit system façade. The most signifi cant difference be-

tween this type of façade and the post-and-beam façade is the 

degree of prefabrication. The goal is to reduce cost-intensive 

in situ assembly and man-hours, and to improve cost estima-

tion. One of the major advantages is that manufacturing can be 

shifted to an earlier process phase and assembly can be carried 

out independent of the weather. 

With unit system façades the glass elements as well as cer-

tain building services components can be pre-assembled to a 

great extent. The mounting parts on the shell of the building must 

be aligned accurately before the façade elements are installed. 

This is done storey by storey from the ground up. To avoid inter-

secting sealing sections the individual elements are mounted on 

a horizontal continuous sealing rail. Push-fi t seals are used to 

connect them laterally. 

The linking of independent units results in double-splice pro-

fi les which increases the visible width of the sections. Therefore 

the standard post width is approximately 2 x 40 mm (1.57 in); 

twice the width of a single element. This means that the allow-

able degree of transparency is lower than with a post-and-beam 

façade. The goal is to produce elements as large as possible. 

Their size mainly depends on the transportation options. Typical 

dimensions are one storey high and 1.20-2.70 m (47-106 in) 

wide. However, elements with a height of several storeys and a 

width of multiple modules can also be used.

Designing with systems
Using systemised solutions always implicates a constraint on 

creativity because the system product already provides a stand-

ardised solution by default. 

Therefore architects try to exert infl uence on the system prod-

ucts to realise their designs. The demand for smaller compo-

nents and higher transparency is developing in the production of 

systems for large-format glazing. 

In most cases the creative design idea for a project is based 

on the perception of the building as a unique product. One rea-

son for this is that complex building projects have very specifi c 

requirements. But it is also rooted in the architect’s conception 

of him-/herself as the creator of a unique product. Special de-

signs, however, stand in stark contrast to the ideal of systema-

tised building. In some cases it is possible to realise a special 

design by adapting an existing system within its permissible 

limits. If these limits are too restrictive a new product has to 

be developed with all necessary tests and certifi cations. Both 

processes require a high degree of knowledge about the sys-

tems and close collaboration with the industry and manufactur-

ers. Specialised façade planners are consulted for this process. 

Modifi cation of a system by the architect can only be realised if 

the manufacturer can anticipate an increase in product market 

value that ensures a return on the investment. The result is that 

more often than not existing system solutions are used that ap-

proximate the architect’s design. Typically, budget restraints pre-

vent system adaptation or new system development. However, 

there are exceptions – mainly in major projects such as high-rise 

buildings. Here customised solutions may be of interest because 

of the large number of units needed. 

18

Assembly process of a panel system façade
Prefabricated elements being assembled in situ.

19

Assembly of window units in the factory
Prefabrication is one option to increase quality and quantity at the 
construction site.
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Considering the fact that the majority of projects built in Europe 

is carried out with cast-in-situ concrete and detached systemised 

façades, the question arises about how much creative freedom 

there really is. The topic is revisited many times. The systemised 

façade concept already rules the thought process when design-

ing a façade.

Openings in façade constructions
Openings are an important topic for all types of façades. Open-

ings allow us to link the exterior and interior environments in a 

controlled manner. They provide interior and exterior views, venti-

lation, and regulate the transfer of humidity and sound. Openings 

can be of various sizes and serve multiple purposes: Entry and 

exit ways for people and vehicles, emergency exits; temporary 

inspection access, openings for cleaning, or technical installa-

tions, conduits (19).

The openings’ orientation, location and dimension are closely 

linked to the purpose and usage of the interior space. The shape 

of the reveal, for example, has a major affect on the natural light-

ing of the interior space. The location of the openings can either 

facilitate or hinder natural ventilation. Adjustable openings are 

necessary to ensure a safe indoor climate. Fig. 20 shows stand-

ard solutions. The opening method can be achieved manually or 

automatically.

Hardware
Certain hardware is needed to allow for operable opening ele-

ments within the façade. Hardware fi ttings such as hinges or 

stays constitute the connection between element and façade 

construction and are used at the exterior interface between sec-

ondary structure and infi ll elements. Parts necessary to operate 

the elements such as door handles also fall in this category. 

From a structural point of view the hardware elements need 

to be coordinated with the structure of the specifi c façade sys-

tem in use. The loads of movable elements must be transferred 

into the secondary structure of the façade. Many system manu-

facturers therefore offer standard solutions. If motorised fi ttings 

are used (22), for automatic ventilation systems for example, the 

control of this system must be attuned with the entire electro-

technical concept of the building. Conduits also need to be 

planned for during façade construction. Hardware fi ttings feature 

signifi cantly in the detailing process of the façade.

Façade requirements

Type of opening

Design

Operation

Opening clearance

Size and weight of element

Frequency of use

Safety features (building security, 
fi re protection, emergency exits)

Effect on the fi tting 

Type of fi tting

Type of material, shape, 
possibly concealed arrangement

Manual operation (handle, motor-
ised system); position of controls

Specifi cation of tilt and 
turn fi ttings

Type of material, 
size of fi tting

Type of material, 
size of fi tting

Appropriate safety fi ttings

P R I n C I P L E S  O F  C O n S T R U C T I O n
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21

Traditional window fitting
Fittings on folding shutters with a steel sleeve in the stone column as 
counterpart.

22

Motorised windows
Motorised windows with concealed conduit in the frame structure.

23

Schematic representation of a timber window
Timber window constructions are based on developments over hundreds of 
years. As such, there is a wide variety of designs in use today.

Windows 
Windows are available in all kinds of materials. The choice of 

material has repercussions on the structure and the design of 

both window and façade. Therefore the most common window 

constructions and their specific materials are being introduced. 

Timber windows and timber/
aluminium composite window
Timber window constructions are based on developments over 

a hundred years (21). As such, there is a wide variety of designs 

in use today. The type of timber used must demonstrate resist-

ance to temperature and humidity fluctuations as well as pest-

resistance. When designing timber windows (23) several factors 

need to be considered:

• Water penetrating into the construction must be carefully  

   re-channeled to the outside. 

• The rebate area inside the construction must be vented.

• Exposed edges need to be appropriately spaced in relation to 

  other components so that they can dry out completely.  

• The edges of the window frame must be chamfered carefully. 

• Water should not be allowed to penetrate into the corners of the 

  window. That is why timber windows typically do not have mitred 

  joints in the lower corners. Instead the lateral frame section is 

  one continuous part from top to bottom. 

Timber windows have to be impregnated with wood preservative 

to protect against mold and insect infestation. The surfaces of 

timber windows need regular maintenance and periodic re-coat-

ing. The lower sections of the window frame are particularly ex-

posed to the weather. Therefore metal weatherboards are often 

mounted onto the structure. One variant is the timber/aluminium 

window (25) with an aluminium cladding covering the entire ex-

terior window frame. Well-maintained timber windows can last a 

very long time. The psychological aspect of timber plays a major 

role. Timber is nice and easy to work with and smells good. How-

ever, ecological aspects need to be considered. Using tropical 

wood usually requires FSC certification to ensure sustainable 

cultivation. 

 
Cover strip 
(aluminium)

Window sash 
(solid)

Window 
frame section 
(solid)
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25

Schematic representation of a timber/aluminium window
The weathering side of the window is protected by aluminium cladding.

27

Schematic representation of an aluminium window
Since aluminium is an excellent heat conductor this type of window consists 
of an inner and an outer shell that are connected by heat-insulating plastic 
profiles.

24

Extruded aluminium sections 
The design of the mould permits very detailed profiles.

26

Corner bracket
The inserted corner bracket connects two aluminium sections. The edges 
are then bonded and pressed.

Aluminium windows
Fig. 24 clearly shows the unique cross-section of extruded alu-

minium sections that are used for aluminium windows. The de-

sign of the mould permits very detailed profiles. Rubber seals 

can be inserted directly and reinforcement bars provide struc-

tural integrity. Since aluminium is an excellent heat conductor 

this type of window consists of an inner and an outer shell that 

are connected by heat-insulating plastic profiles (27). The sec-

tions are therefore called aluminium-plastic composite sections. 

The corner joints can be plastered and painted. The sections are 

cut to length and necessary recesses for fitting components and 

similar parts are milled prior to assembly. The sections are con-

nected with slide-in corner brackets (26). This combination can 

attain good heat and sound insulation properties. 

Aluminium windows have several advantages: maintenance 

is simple and undemanding. They are easy to work on and fea-

ture high manufacturing accuracy that translates to very close 

tolerances and thus tightly sealed joints. In the long term these 

properties can compensate for the higher purchase costs – one 

reason why they are mainly used for large projects.

Cover strip 
(aluminium)

Window sash 
(solid)

Window 
frame section 
(solid)

Outer shell

Thermal insulation

Inner shell
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Steel windows
Steel windows are assembled from cold-rolled hollow sections. 

The profiles are made by folding the sheet metal. As with alu-

minium, steel sections require thermal separation of the inner 

and outer shell by means of heat-insulating plastic profiles (28). 

Steel sections are characterised by high bending and torsion 

strength. This might be advantageous, especially if the structural 

integrity of the frame is essential. However, they are more expen-

sive than comparable aluminium options. Special care must be 

exercised regarding protection against corrosion. Steel sections 

come off well when comparing fire protection properties.

uPVC windows
Just like aluminium windows plastic windows consist of several 

sections. An extrusion process is used to manufacture these sec-

tions (29). 

Numerous types of plastic materials are used for window con-

structions. However, the material most commonly used is uPVC, 

not least due to its impact and scratch resistance. But the thermal 

properties of uPVC are inferior to those of other materials used 

in façade construction. Solar radiation can cause dark sections 

to heat up to 80°C (176°F) which in turn can lead to deforma-

tion. Coloured sections are made by adhesive bonding of a dyed 

top coat onto the base material. This process reduces the price 

advantage compared to other materials. Since uPVC windows 

are not particularly rigid, their installation sizes are limited. The 

sections are often reinforced with alloy tubing. The size of the 

fittings needs to be dimensioned accordingly. 

The benefits of uPVC windows are easy handling; low cost and 

resilience during installation; protection against corrosion is not 

needed, eliminating any related problems. uPVC windows do not 

provide effective resistance against fire.

29

Schematic representation of a uPVC window
Metal rod inserts in the frame improve the structural integrity. 

28

Schematic representation of a steel window
The folded steel profile is visible.

Inner shell

Outer shell

Metal core

Assembly
The façade industry constantly searches for new manufactur-

ing and assembly methods. The trend leans towards reducing in 

situ assembly times. This would shorten the construction period 

and reduce potential scheduling conflicts with other subcontract 

work. Assembly at the construction site also means higher risks 

due to changing weather conditions. At 5°C (41°F) or less it 

becomes very difficult to install sealing systems safely. Assembly 

inside a factory building is usually cleaner and more controllable. 

Also, it is easier to resolve possible defects and problems.  
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However, prefabrication of elements into larger units does have 

its disadvantages: typically the elements are more complex and 

need to be dimensioned to account for stress during transporta-

tion. Immediately assembling the elements in situ requires ex-

tensive planning of the structural joints and permissible toler-

ances of the shell of the building are limited. Mounting units on 

the shell of the building must be installed with great accuracy 

because tightly planned construction logistics do not allow for 

delays. Transportation too can cause trouble. If materials (such 

as a glass pane) are damaged during transport this might not 

only mean the material itself needs to be replaced, but possibly 

entails re-manufacturing of the entire element.

All this raises several questions that need to be considered  be-

fore choosing either the post-and-beam or unit system façade: 

• What are the manufacturing processes of the contracting 

  company and how knowledgeable is the team?  

• What type of manufacturing equipment is available on the 

  factory premises?

• What season will the assembly take place and how much time 

   is allotted?

• What is the scope of the project and does it include a suf- 

  ficient number of repetitive parts to warrant a systemised  

  solution?

• What are the transportation options and what hauling devices 

  will be used?

• What is the expected quality of the shell of the building in 

  terms of tolerances?

• What are the properties and condition of the interfaces with 

  adjacent subcontract works?

The construction of a façade is a process that begins with the 

architectural concept and ends with the assembly of the final 

product. However, this is not a linear process but rather depends 

on regular feedback (30) arising from complex decision making 

and communication processes. One example: while planning the 

assembly process it becomes apparent that a unit system façade 

solution is more economical then the type of structure previously 

chosen. This can lead to significant design modifications because 

the sectional width for this structure might be very different than 

that of the previous design. To achieve a well-controlled process 

it is therefore important that all members of the planning team 

possess a good basic knowledge of the principles of construc-

tion. Also, communicating all decisions made in the process is 

essential.

The construction industry is in transition from the traditional  

building trade to industrial production. Due to technological de-

velopments such as the Internet a vast amount of information 

about new materials and production methods is readily available 

– not only related to the construction industry but other disci-

plines as well. Architects and designers strive to put such new 

insights into practice. There is an enormous drive toward techni-

cal innovation and we can expect this to affect the construction of 

façades. Rising quality standards, shorter construction times and 

an acute awareness of energy consumption will help develop the 

façade into an increasingly complex product. Architects have to 

rise to the challenge and adopt systemised solutions as a viable 

design alternative.

30

Design process for a façade
Designing a façade is not a linear process but rather depends on regular 
feedback.
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4 | Detailing and Tolerances 

Detailing is an integral part of the design process. The design 

process generates ideas for detailing solutions and ways of 

putting them into practice. Every detail is a key part of the de-

sign, and detailing problems reveal problems in design develop-

ment. This may be illustrated with reference to the protection of 

traditional timber buildings. Projecting eaves play a key role in 

protecting timber structures in the façade from the elements, 

but also help to determine the character of these buildings (1). 

If they are omitted with the aim of achieving a clean modern pro-

file, other effective means of protecting the timber elements of 

the building must be found. If this is not done, the building will 

weather rapidly. 

It goes without saying that attention must be paid to details in 

order to achieve good design aesthetics, but proper detailing is 

also essential in the interests of structural integrity. It is impos-

sible to construct a building that is attractive and stands up to 

wear and tear in the long run if detailing is neglected.

Apart from aesthetic design requirements, the detailing of 

modern buildings is made more difficult by the increasing com-

plexity of the construction. For example, if details on the façade 

were used  traditionally to keep rain out and to keep heat in (2, 4, 

6), the same details nowadays are responsible for the functions 

of windproofing, protection against wind-driven rain, keeping the 

building cool in the summer and warm in the winter and prevent-

ing vapour diffusion (3). This increase in complexity reflects the 

separation of different functions in different layers of the façade 

and the use of proprietary systems for individual functions – e.g. 

multiple glazing systems, sealant systems and mullion systems 

(5). Detailing is thus reduced to systematic combination of the 

appropriate discrete components to perform the required func-

tions against a backdrop of growing overall building complexity. 

While discrete elements may be changed in this process, the 

components used generally remain constant.  

1

Traditional method of timber protection  
Timber buildings will only last if consistent attention is paid to proper detail-
ing of the structure. This example of a Swiss chalet clearly illustrates the role 
of projecting eaves in protecting the façade. 

2

Window with timber frame and shutters
This picture shows single glazing and shutters in 
a half-timbered house. The shutters not only keep 
rain off the window but also provide a climatic 
buffer, allowing the house to retain more heat 
during cold nights.  
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6

Traditional sash window frame
Example of a traditional sash window. It is rela-
tively easy to keep water out at the bottom: since 
the sash slides at the front of the frame, bevelling 
the sash at the bottom will suffice to exclude 
water. Sealing off the sides is more difficult. 

3

Traditional and modern window design 
While traditional window design was limited to solving the problems of 
keeping rain out and heat in, modern window constructions have to meet 
more stringent requirements on protection against wind-driven rain and the 
effects of heating, thermal insulation, windproofing and prevention of vapour 
diffusion.   

5

Modern timber window frame
Unlike traditional timber windows, modern timber 
windows are windproofed at the base by means 
of a number of folded seams and a silicone seal. 
In this example, a drip guard is again used to pro-
tect the sash against wind-driven rain. Water that 
does find its way into the frame can be led off via 
the drainage channel and an external aluminium 
weather strip.

4

Traditional timber window  
Ground-floor timber window. The timber sash 
of the casement shown in this picture closes 
against the metal window frame by means of an 
offset. A drip guard at the bottom of the frame 
protects against wind-driven rain. Plastic profiles 
for windproofing do not yet exist. 
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Building grid and positioning of components 
The position of the façade with reference to the rest of the build-

ing can be determined with the aid of a building-related grid. 

Buildings consist of surfaces, which are formed by combining in-

dividual elements or components. If apertures are created in these 

surfaces, these define a transition between one component and 

another. In order to organise the combination of these compo-

nents and the joints between them, grids are generally imagined 

to be superimposed on the building to allow recurrent situations 

to be solved in a uniform manner. Such grids may also be applied 

to the component parts of the building – e.g. the masonry, in view 

of the constant dimensions of the constituent bricks (7). 

The precise position of a component in a building can have im-

portant consequences. For example, an aperture can be closed 

with the aid of a recessed window. In this arrangement, the win-

dow is protected by the building, while from a visual point of view 

the front edge of the aperture will cast a shadow that tends to cut 

up the façade. A disadvantage of this arrangement is that if the 

thermal insulation properties of the wall are inadequate, a thermal 

bridge may be formed round the window.  

Alternatively, the window can be placed as far out as pos-

sible to emphasise the uniform appearance of the façade or may 

even be projected in front of the façade. Here again, there is the 

potential disadvantage of a thermal bridge round the window; in 

addition, the windows are no longer protected in these arrange-

ments. It follows that the best solution is probably to locate the 

window in an intermediate plane taking into consideration the 

resultant visual impression created on the façade (8). 

7

Masonry 
The individual units of the masonry,  
the bricks, form a band pattern in 
combination.  
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Façades are influenced by different factors such as the façade’s 

self-weight, acting vertically in the plane of the façade, and large-

ly lateral wind forces acting perpendicular to this plane. If the 

façade is also used to carry the weight of the building as a whole, 

this load will also act as a vertical stress on the façade system 

(9). Other external factors acting on the façade include noise, 

wind, rain, heat, cold and solar radiation. The factors acting on 

the façade from the interior include air humidity, heat and cold. 

In general, these various factors are considered separately 

in view of the different requirements they pose on the construc-

tion, and they are dealt with in separate functional layers in the 

façade. 

8

Position of window in building
The window may be placed in a number of different positions with respect 
to the structure of the building: recessed, in the median plane, flushed with 
the outer surface or projecting. The position in the median plane is the only 
one which can be detailed to avoid thermal bridges.  

9

Factors influencing the façade
Façades are loaded in various ways by 
the overall structure of the building, the 
way in which it is used and the environ-
mental conditions. External influences 
include noise, wind, rain, heat and cold, 
while factors acting from the interior 
include air humidity as well as heat and 
cold. The façade will also have to bear 
its self-weight and wind loads, and in 
certain cases loads derived from the 
structure of the building as a whole.
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Combination of functions
When dealing with the appearance and the structural design of 

façades, we may divide them up in two different approaches, 

into functional elements (10) or into layered systems (11). In the 

former approach, each element will perform a particular task such 

as ventilation, lighting or the limitation of visual access. It is only 

when these elements are combined that the façade as a whole 

will perform all functions expected of it. Each element will perform 

its function at a particular part of the overall structure, and can in 

general be individually replaced if necessary (e.g. a dilapidated 

window unit can be replaced by a new one).

In a layered system, each function is performed by a different 

layer of the façade. The layers may be arranged so that the func-

tion can be performed at any point on the façade. Each function 

is performed via the layer in question to meet the relevant require-

ments. The complexity of the construction and the need to inte-

grate the individual functions (such as ventilation, transparency 

and thermal insulation) are the challenges in this approach. 

These two approaches are rarely used in isolation: many mixed 

forms and variants exist, and are designed to meet as many 

require ments as possible simultaneously thus giving op timum 

functionality with the most economic means. Continuing develop-

ment is leading to the production of more and more specialised 

components, both in the field of façade elements and in that of 

layered façades. 

10

Façade built up of elements  
This figure shows a façade composed of sepa-
rate elements, each one of which performs a 
separate function such as ventilation, lighting or 
transparency control. 

11

Layered façade
A layered façade has a uniform appearance but 
allows all desired functions to be realised at any 
point on the façade.    
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Detailing principles
Independent of the choice of materials and the desired appear-

ance of the façade, two fundamental guidelines of façade design 

corresponding to the basic laws of building physics may be for-

mulated here.

 Firstly, water impinging on the building should be led off ex-

ternally. If despite protective measures water does get into the 

building, it should be allowed to drain off or evaporate without 

harming the structure. This second proviso is necessary be-

cause no building can be guaranteed to be entirely weatherproof 

throughout its entire life cycle. If water does manage to penetrate 

the building fabric, this can cause timber to rot, steel to rust and 

(in the case of frost) masonry to fragment. To avoid this, a water 

drainage system covering the whole façade should be built be-

hind the outer weatherproofing layer. If this is not possible (e.g. 

when sandwich systems are used), then some form of monitoring 

should be present and the façade components should be made 

water-resistant.   

Secondly, the impermeability of the façade to air humidity 

should fall off from the inside to the outside of the façade. This 

means that water vapour from internal sources should not be 

able to penetrate into the building structure. If water does pen-

etrate into the façade it will cause condensation when the exter-

nal temperature is low, causing damage to the façade fabric. On 

the other hand, if water vapour from the exterior penetrates into 

the building fabric it should be eliminated through evaporation. 

Furthermore, an impermeable inner envelope avoids draughts, 

thus reducing heat loss. 

Layering of details
In general, separate layers of the façade (each with one or a lim-

ited number of functions) are used to provide protection against 

different environmental factors (12). 

An external weatherproofing layer offers protection against 

rain, wind and solar irradiation. As described above, a second 

drainage layer should be provided behind this. If there are win-

dows in the façade, some additional means of reducing the im-

pact of solar radiation before it reaches the windows can be 

provided in this layer. 

 An intermediate layer provides insulation against heat and 

cold in both directions. To prevent or minimise the direct trans-

mission of heat, this layer should be thermally isolated from the 

outer weatherproofing layer. To this end, direct contact between 

the two layers at various points, allowing passage of heat or cold, 

should be avoided – though this is not entirely possible from a 

constructional point of view, since the intermediate layer sup-

ports the outer weatherproofing layer. In any case, the contact 

points should be kept as minimal as possible or heat flow should 

be minimised by use of materials of poor thermal conductivity.

If the intermediate layer is sufficiently solid, it can also assume 

the task of soundproofing. If it is not sufficiently solid, this layer 

must also be decoupled from the others to minimise the penetra-

tion of sound waves. If the façade also has a loadbearing func-

tion, this is performed by this layer too. 

The innermost layer separates the interior space from the 

façade or from the external space. Windproofing and vapour 

barriers are localised here. In some cases, this layer may absorb 

water vapour from the interior space and return it to the interior 

space later. For the reasons indicated above, passage of water 

vapour through the impermeable layer should be avoided. 

 

12

Layering in detail
Three layers in the façade detail 
provide protection against envi-
ronmental factors. The outermost 
weatherproof layer keeps out 
wind-driven rain. The middle layer 
provides loadbearing capacity if 
required and also functions as 
thermal insulation. The innermost 
layer separates the interior from the 
exterior space and functions  
as vapour barrier.
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15

Sketch showing principle  
of masonry cladding
The loadbearing layer (here a 
concrete wall that also provides the 
thermal insulation) and the masonry 
weatherproofing layer are separated 
by an air cavity. Slits in the masonry 
act as air inlets. An impermeable 
membrane inserted into the wall is 
brought out near the bottom of the 
façade to allow water that got into 
the weatherproof layer to drain off.

14

Example of masonry cladding taken from a housing development  
in Middelburg, the Netherlands  
This double-skin construction consists of a concrete loadbearing layer with 
thermal insulation properties and a separate masonry weatherproof layer. 
The masonry is held in place by tie rods, which pass through the concrete 
layer. Following a procedure that is common in the Netherlands, the window 
frame is mounted before the masonry wall is built, which allows the latter to 
be adapted to suit the dimensions of the window. A waterproof membrane is 
mounted in the wall above the window, to allow water that has got into the 
wall to drain off again. 

The complexity of the connection of the three layers increases 

when structural solutions have to be sought for corners or 

façade-roof transitions (13). The desire to connect the layers 

without interruption round a corner gives rise to problems due to 

the different requirements imposed on the different structural 

components – vertical components (façades) have to be impervi-

ous to water, while horizontal components (roofs and eaves) 

have to be impervious to water and if necessary drain water off. 

Considerable construction detailing is required to take the layers 

round a mitred joint, since the decision about the overlapping 

occurs at the thinnest end where all layers meet. The problem is 

solved in a parapet construction by the use of specific profiles 

with sharp edges, but involves the difficulty of water exclusion 

from the roof on the inner side of the parapet wall. The use of 

eaves in this case deals with this problem by allowing the layers 

to project past the junction, but only at the expense of exposing 

the edges of some components which may compromise on aes-

thetics.

Examples of detail development
The principles underlying the development of details will now be 

illustrated with reference to five typical cases: masonry cladding, 

a post-and-beam façade, a unit system façade, a parapet and a 

plinth construction. 

13

Principle of methods used at façade junctions  
The treatment of façade layers at junctions reflects 
the problems associated with separation of func-
tion: vertical components are impervious to water, 
while horizontal ones also have to provide drainage 
facilities. This drawing shows on the left, absence of 
eaves, which is bound to lead to damage in the long 
run; then eaves in which only the outermost weather-
proof layer projects; next a parapet, where separate 
drainage has to be provided; and on the right, a solu-
tion in which the intermediate functional layers are 
superimposed while the weatherproof layers overlap.  
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Post-and-beam façade
Post-and-beam façades are made of storey-high posts, secured 

to the ceiling-floor units with the aid of mounting shoes, to which 

horizontal beams are connected (16, 17). This structure forms the 

loadbearing layer. The weatherproofing layer is formed by panels 

(sheets of glass or sandwich elements) fixed on to the post-and-

beam structure with the aid of mounting frames. The loadbearing 

and weatherproofing layers are separated by spacers of low ther-

mal conductivity and bolts fixed at appropriate points. 

The separation is less clear at the layer of the glass sheets, 

since here the innermost layer, the loadbearing/thermal insulation 

layer and the weatherproofing layer are all combined in one. 

Post-and-beam façades are made of prefabricated elements 

that are assembled by hand on site. This system works well, since 

the post-and-beam combinations are only mounted on the ceiling-

floor units and are thus largely independent of the fabric of the 

building. As a result, tolerances can easily be corrected. A dis-

advantage is the necessity to close the gap between the ceiling-

floor unit and the façade subsequently, to meet noise-control and 

fire safety regulations. 

17

Sketch showing principle  
of post-and-beam façade
The post-and-beam façade consists of storey-
high posts to which horizontal beams are 
connected. The glazing and cladding panels are 
secured from outside with the aid of mounting 
strips, and are thus thermally isolated from the 
main structure.

16

Post-and-beam façade:  
Fachhochschule Detmold, Werkstatt Emilie, 
2007
This picture of a post-and-beam system shows 
how the façade structure rests on the ceiling-
floor unit. The mounting shoes are clearly visible. 
Glazing and cladding panels are fixed in place 
in subsequent stages, with the aid of mounting 
strips.  

Masonry cladding
One widely used double-skin construction is a concrete wall 

made of prefabricated elements, which provides thermal insulation 

and loadbearing capacity, and an outer masonry skin for weather-

proofing (14, 15). The thermal separation is provided by wire tie 

rods, which do penetrate the thermally insulating layer but hardly 

give rise to any heat flow because of their low cross-sectional 

area. These tie rods enable the outer masonry skin to resist lateral 

forces and the risk of bending due to its self-weight. 

In this example, taken from a housing development in Middel-

burg, the Netherlands, a waterproof membrane passing through 

the double wall above the window allows water that managed to 

penetrate the façade above the window to be drained off before 

it reaches the window. The window frame was mounted before 

the masonry wall was built – quite a common practice in the Neth-

erlands, which takes advantage of the prefabricated window ele-

ments and the possibility of adapting the masonry to fit the win-

dow-frame afterwards. The actual window with sash is mounted 

subsequently, to avoid damage during the building work. 

The innermost layer (not visible in this example) is provided 

with a plaster finish, which gives not only complete impermeability 

but also thermal storage capacity. 
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Unit system façade  
Unlike a post-and-beam façade, a unit system façade consists 

of fully prefabricated elements that simply have to be positioned 

and mounted in situ (18). This is also generally made storey-high, 

and usually consists of a loadbearing framework in which glazing 

and cladding panels can be infilled (19). Since each element is a 

complete unit, a given component of the system façade will usu-

ally perform several functions simultaneously: for example, as in 

the case of a post-and-beam façade a pane of glass inserted into 

the structure will not only separate inside from outside but also 

provide thermal insulation and weatherproofing.

 Each façade element is connected to the building structure by 

means of an angled cleat mounted frontally near the ceiling. The 

element is suspended from the top, and stabilised against lateral 

forces at the base by a sliding bolt connection to the element be-

low it. Successive elements can be combined in this way, either 

being stacked from bottom to top or connected in a row.   

Since the individual modules are prefabricated and transported 

to the building site, they have to be fairly rigid. This can give rise 

to problems when sealing the gaps in and between the elements. 

Unlike the case of post-and-beam systems, where the mounting 

strips provide the seals in the weatherproofing layer, the sheets 

of glazing in unit system façades have to be individually sealed. In 

addition, an effective seal has to be provided between adjacent 

façade elements. This is usually done using three sealant profiles 

which have to be introduced in special grooves between the ele-

ments during assembly. 

 

19

Sketch showing principle of system façade
Unlike post-and-beam systems, unit system 
façades are built up out of fully prefabricated ele-
ments. Sealing strips have to be placed between 
adjacent elements to ensure complete tightness 
against wind-driven rain and wind from the exte-
rior and water vapour from the interior.

18

System façade: Double façade  
of Debitel Headquarters, Stuttgart,  
RKW Architektur + Städtebau, 2002 
This system façade is built with a double façade 
solution. The individual elements are lifted into 
place with a crane, and require only a small la-
bour force for assembly. They already contain all 
necessary components, so that further finishing 
(e.g. glazing) is not required.  
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Parapet
The construction of a parapet on top of a building involves the 

problem of bringing about a suitable transition between the vari-

ous layers of the façade and the various layers of the roof cover-

ing. The loadbearing and thermal insulation layers of the façade 

and the roof terminate at the base of the parapet (20), while the 

weatherproofing layers are continued up to the top of the para-

pet (the horizontal layers of membrane that form the roof cover-

ing have to be bent through 90 degrees for this purpose) – in 

any case far enough to prevent penetration of wind-driven rain or 

standing water on the roof. 

To finish off this simple solution, a timber cap lined with mem-

brane is placed on top of the parapet so as to cover the ends 

of both the façade layers and the roof-covering layers (21). An 

aluminium section with a drip guard is also provided at the front 

edge. An alternative – and possibly more durable – solution is 

to use a cap made of metal sheeting, which should also cover 

all layers involved. 

 

20

Parapet on residential housing  
In this case we see how the functional layers combining  
loadbearing capacity and thermal insulation come together 
while the weatherproofing layers are continued upwards. 
The membrane-lined timber cap used here could be replaced 
by a metal sheeting cap.

21

Sketch showing principle of parapet construction
The parapet is where the various functional layers of the 
façade and the roof come together. A suitable construction  de-
tail, providing adequate long-term protection against climatic 
influences, has to be devised here. The weatherproofing layers 
have to be continued vertically up to the top of the parapet 
on both sides, to prevent penetration of water. At this point, 
they are covered with a cap of membrane-lined wood or metal 
sheeting.
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Plinth unit
The main problem in the design of a plinth unit is the transition 

from the façade to the foundations. Loads from the façade and 

the rest of the building have to be effectively transferred to the 

ground. In addition, a proper transition has to be realised be-

tween the weatherproofing of the façade and the foundation/soil 

vapour barrier. 

For example, this detail could consist of a single-layer wall 

made of sheet-metal sections resting on a prefabricated concrete 

plinth (23). The layer providing separation from the interior space 

would in this case be made of recessed sheet-metal panels rest-

ing on the bearing structure of the building as a whole (22). The 

functional layer is the thermal insulation. The weatherproofing 

layer is made of sheet-metal panels on a support. Once again, 

the intermediate space is used to allow any water that may have 

penetrated this far to evaporate. 

The prefabricated plinth consists of two concrete plates sepa-

rated by a layer of high-density foam with sealed pores. This 

structure has the dual function of avoiding a thermal bridge and 

giving the plinth good impact strength. 

This example is a good illustration of compliance with the 

above-mentioned requirement that the impermeability of the 

façade to water vapour should be graduated from inside to out-

side. The outer layer repels rain falling on it, but air can pass 

through the seams between the different elements and the gaps 

in the plinth unit. All openings are provided with drip guards to 

hinder the penetration of water. The thermal insulation behind 

this can dry out if necessary. The interior space is provided with 

maximum windproofing by sheet-metal cladding – which has to 

have suitable sealant sections in the gaps between the individual 

sheets. 

22

Sketch showing principle of plinth unit
The wall consists of a loadbearing layer of interlocking sheet-
metal panels, within which the thermal insulation is introduced. 
A gap is left between the weatherproofing layer and the wall.

23

Plinth design
This cross-sectional view of the plinth detail shows the 
sequence of the functional and weatherproofing layers. The 
innermost layer is here formed by the sheet-metal surface. 
Sealing strips are used in the gaps between the innermost 
sheet-metal elements to ensure water tightness.

It should be noted that there are of course other façade con-

struction methods based on different principles, which may not 

always follow the principle of separation of the different layers 

described above. These other methods may be perfectly appro-

priate in given situations. The examples given above have been 

presented solely to illustrate the general principles of layering in 

building structures and how the transition between these layers 

is handled at junctions and points of penetration.

D E TA I L I n G  A n D  T O L E R A n C E S



63

Joints 
In order to realise the various functions required in the façade, it 

is necessary to combine a number of larger and smaller façade 

elements. These elements are generally connected by means of 

seams or joints between them (24). Care must be taken in this 

context to ensure that the joints do not interfere with the continu-

ity of the individual layers or with the appearance of the façade 

as a whole.

A number of different types of joints may be distinguished 

visually, including hairline joints (gaps where the distance be-

tween the individual components is very small, though capillary 

effects can still lead to the risk of penetration of water), covered 

seams (25), seams with ridge reinforcement and false seams 

(which look like seams on the surface, but do not correspond to 

any discontinuity in the underlying structure). 

24

Types of seams
From left to right: covered seam, false seam, cover strip, 
hairline, open seam.

25

Seams in traditional timber window construction
Example of a traditional timber window construction showing different types 
of seams: the gap between the sashes is closed by a cover strip. The joints 
between the different components of the frame are realised as glued hairline 
seams. The bottom panels are connected by tongue and groove joints, while 
the panes of glass at the top are held in place with sealing putty applied on 
the exterior. 
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Apart from the effect of seams in the façade on the appearance 

of a building (26-33), it is also important to ensure that such 

seams do not impair the ability of the structure to exclude wa-

ter, in particular wind-driven rain. To this end, open joints are 

covered or provided with a drip guard so that the water drips 

off harmlessly rather than penetrating into the building fabric. If 

joints are to be sealed, care must be taken in choosing the right 

type of sealant. If windproofing is also required, this is generally 

provided by another layer on the inside of the façade.

29

Open joint
To ensure good weatherproofing in the presence of open 
joints, projections that keep the rain away from the join or drip 
guards (projecting members with a specially curved edge to 
ensure that water drips off rather than flowing into the crack) 
must be used.  

28

Slate covering 
A slate covering is effective at keeping wind-driven 
rain out of the building fabric, despite the gaps 
between neighbouring slates, because of the overlap-
ping manner in which the slates are laid. The top slate 
is always laid over the one below it with a certain 
overlap and then fixed on to the wall.

26

Larch shingle covering
Thin strips of larch can be used to give a covering similar in structure to 
that obtained using slates, which is both effective as weatherproofing and 
attractive. Since no two shingles are completely the same shape and size, a 
pleasing irregularity can be achieved with this form of covering.

27

Sealed joint
Joints may be sealed in various ways to ensure good weatherproofing of 
the façade. Water can then only penetrate into the join if the sealant is 
damaged.  This figure shows from left to right a cover strip with sealant  
section, a silicone seal and a mortar-filled join in brickwork.
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30

Use of cover strips in pitched roof construction  
When plank sheathing is used in the construction of 
a pitched roof, a cover strip is screwed over each join 
between successive planks so that even if the planks 
warp no open joints are produced.  

31

Cover strip in a post-and-beam structure
In this case, which is similar to that shown in fig. 30, 
the cover strip used in a post-and-beam system cov-
ers the gap between two panes of glass. Additional 
silicone sealant sections provide a good seal be-
tween the glass and the cover strip. A problem with 
this construction is that appreciable stresses can be 
generated at the point – clearly visible in this figure – 
where the horizontal and vertical cover strips meet.  

32

Silicone seal
Unlike the cover strip, the silicone seal does not 
involve forces between horizontal and vertical mem-
bers, since the seal is produced by the curing of the 
sealant compound introduced into the gap, and the 
resultant seal has a certain elasticity. Disadvantages 
are that care and skill are needed to produce a first-
class seal, and that the seal has a limited lifespan.

33

Masonry detail with sheet-metal cover
In this detail, the gaps between some bricks are 
filled with mortar while a sheet-metal drip guard 
placed some distance in front of the masonry keeps 
rainwater away from the open gaps left for ventilation 
purposes. 
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A closer look at the finished join will reveal the following picture, 

starting from the exterior: rainwater is kept out by an external 

sealing plane. Back-up protection against the entry of rainwa-

ter and drainage of water that managed to get in are provided 

by a second sealing plane. The innermost layer provides airtight 

separation of the interior space. Hence, even in the detailing of 

joints the individual functions are represented by separate rec-

ognisable layers (35).    

Another function of joints is to take up movements of individual 

building components, many of which are predictable on the ba-

sis of design calculations. Where appreciable displacements are 

possible, joints must be capable of handling them. The sealant 

sections or sealant compounds used to fill the joints must be 

elastic enough to enable such movements (34, 36).

35

Construction of the seal in the gap  
between prefabricated elements
The seal in the gap between prefabricated 
elements shows a layered construction. The 
innermost seal provides windproofing, and the 
outermost seal provides weatherproofing. The 
intermediate seal provides a backup in case the 
weatherproofing fails.    

34

Concrete façade
In this view of a projecting concrete 
façade, the vertical joints between 
the different concrete elements are 
clearly visible. In this case, they are 
filled with a long-life silicone seal-
ant. Also visible at the base of the 
façade are the drip guards used to 
allow rainwater to fall harmlessly off 
the surface of the building.  

36

Joint between façade and roof, Chek Lap Kok Airport, Hong Kong, 
Foster and Partners, 1998
Since the roof of the airport building shows appreciable movement with 
respect to the façade, the join between them must permit a great deal of 
tolerance. This was achieved with the aid of a concertina-like plastic profile, 
which provides the necessary weatherproofing and windproofing. The 
requirements for thermal insulation are generally not very stringent at such 
locations.  
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Tolerances
The question of tolerances is an integral part of detailing. In the 

building industry, the term ‘tolerance’ is understood to mean the 

difference between the actual position of a given component with 

reference to the building as a whole and the position predicted on 

the basis of design calculations. As a result of such differences, 

the gap between some building components could become too 

large, while other components could be forced against one an-

other leading to substantial stresses in the building fabric. Meas-

ures must be taken to ensure that these two extreme situations 

do not occur, so that the various parts of a building do actually fit 

together as they should and the construction process can proceed 

smoothly. In other words, the detailing of a building has to take 

into consideration not only the functions to be performed by the 

building and the (external) factors acting on it, but also the planned 

and unplanned changes in building dimensions. It may be noted in 

this connection that reinforced concrete elements generally have 

tolerances of up to 3 cm (0.86 in), depending on the size of the 

element (37). The tolerance for timber construction details may be 

taken to be in the range from 0.5 to 2 cm (0.2-0.79 in), and that for 

steel constructional details in the range from 0.2 to 0.5 cm (0.08-

0.2 in). These have two consequences: in the first place, care must 

be taken to ensure that building components made of a certain 

material do comply with the tolerances specified for that material; 

and when different materials are joined together, the differences in 

tolerance between the materials must be handled correctly.  

To solve this problem, connection devices must be designed to 

permit dimensional adjustment in one, two or all three directions. 

This may be done e.g. with the aid of slots in the connection 

device that allow the position of the mounting bolts to be ad-

justed over a significant length in the given direction (38, 41). 

Alternatively, bearing bolts may be designed so that their length 

varies with the load to which they are subjected, thus permitting 

motion of the component supported (39, 40). The most expen-

sive solution would doubtlessly be the ad hoc positioning of the 

component in situ followed by fixing in the desired position (e.g. 

by welding).  

37

Tolerances in prefabricated concrete parts
Tolerances of up to 3 cm (0.86 in) may be expected in concrete structures, 
whether cast in situ or prefabricated. These must be accommodated with 
the aid of specially designed connection devices, to ensure compatibility be-
tween the wide tolerance of concrete and the much more limited tolerances 
of steel and aluminium.  

38

Angled cleat with slots
Example of a slotted connection device, used here 
for the mounting of a pane of glass. The illustration 
shows the slots in various directions, used to adjust 
the position of the individual panes of glass, and 
drilled holes in situ to increase flexibility.  
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It is important to note in this regard that uneven joints caused by 

a failure to take differences in tolerance into account during the 

planning stage generally have an adverse effect on the appear-

ance of a building. The extent of this problem can be delimited 

by making the joints wide enough or by concealing them.  

39

Point support for post-and-beam façade from inside
This point support for a post-and-beam façade is positioned in situ so that 
the axis parallel to the façade is kept flexible enough with the aid of a pin 
drilled into the concrete ceiling to permit fine tuning.

40

Point support for post-and-beam façade from outside
This view of the same support point shows that the axis perpendicular to the 
façade is positioned with the aid of a hole drilled in situ in the wood. If the 
façade were made of aluminium or steel, a horizontal slot would be provided 
to permit finer adjustment.   

41

Point support for post-and-beam façade from above
In this final picture of the series, the top support point for the post-and-beam 
façade may be seen. A vertical slot is provided here, which may be used 
to accommodate both lateral tolerances and movements of the building 
structure itself.  
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Summing up, it may be stated that tolerances of the order of 

centimetres may be expected in reinforced concrete and timber 

building components, and of the order of millimetres in steel and 

aluminium. These tolerances must be taken into account in the 

detailing of buildings, in particular of façades where the com-

monly used combination of reinforced concrete and steel or 

aluminium may lead to problems related to differences not only 

in tolerance but also in thermal expansion between the various 

materials. Measures must therefore be taken to permit the ad-

justment of the connection elements to deal with the dimensional 

shifts that occur (42, 43).

43

Façade at base of Post Tower, Bonn 
The unit system façade of the Post Tower in Bonn, designed by Helmut Jahn, is secured to 
the ceiling-floor unit with the aid of the mounting shoe that may be seen here. The picture also 
shows the means provided to allow adjustment of the mounting to accommodate differences 
in tolerances in all three directions: horizontally outwards with the aid of graduated slots and 
screws in the concrete surface, horizontally parallel to the façade with the aid of a locating 
bolt and vertically with the aid of locating grips provided with screw adjustment.

42

Post Tower, Bonn, Helmut Jahn, 2003 
Top view of façade base with connection points for fitting out 
like raised floors, mullions and partition wall.
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5 | Climate and Energy

Façade as interface to the exterior
The façade serves as the interface between the interior and the 

exterior space. Air and heat can be gained through the façade, 

but they can be dissipated as well. In order to provide the user 

with a comfortable environment, a façade must fulfil many func-

tions. If the façade cannot meet the functional requirements by 

itself, additional components must be added in the façade layer 

or in its vicinity.

The façade and the technical components interact with each 

other. The better the façade’s thermal insulation is, the smaller 

the necessary heating elements have to be. And the more ef-

ficient the sun protection is, the smaller the necessary cooling 

units have to be. In some cases active cooling can be completely 

avoided, depending on the climatic conditions and interior heat 

loads. The façade is one of the most significant contributors to 

the energy budget as well as the comfort parameters of a build-

ing.

The example (1) demonstrates the impact that the quality of the 

façade has on the energy demand of a specific building (typical 

air-conditioned office building in Central Europe). It shows that 

the energy consumption in the interior space might decrease 

depending on the quality of the façade (heat and sun protec-

tion). It is clearly visible that a larger glass surface area offers a 

more economical operation. The energy demand as well as the 

optimum glass area can, of course, be reduced or modified by 

employing additional passive and active measures.

The following sections describe passive measures (façade) 

and active measures (technical components) and their influence 

on user comfort.

1

Primary energy demand of an administrative building
Specific primary energy demand of an administrative building in a moder-
ate climate dependant on the percentage of glazing surface and the quality 
of the heat or sun protection of the façade. Diagram a) shows the energy 
demand with state-of-the-art double glazing and internal sun protection. In 
diagram b) the heat insulation glazing has been replaced by a triple glazing. 
External sun protection was added in diagram c).  

c)

b)
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2

Comfort
Comfort range depending on room air tempera-
ture and the surface temperature of the room- 
enclosing surfaces.

User comfort 
Different types of buildings such as residential housing or offi ce 

buildings pose different demands on the comfort level. The most 

essential criteria are thermal, hygienic, acoustic as well as visual 

comfort.

All participating consultants should agree upon the many pa-

rameters that need to be considered during design. Examining 

particular aspects in isolation from the others might compromise 

the other requirements (2).

Each user defi nes comfort differently; therefore comfort levels 

cannot be measured with an objective measuring method for all 

users alike. When specifying comfort-related factors such as air 

movement, temperature, light intensity and humidity we can only 

aim to provide recommendations based on guideline values. We 

have to assume that each user perceives these differently and 

therefore feels more or less comfortable in any given environ-

ment.

Minimum requirements related to work environment or living 

space conditions are regulated by law, but in most cases these 

laws only serve to ensure the most basic criteria. Special com-

fort-related requirements should be specifi ed by the participating 

consultant team members. The following section explains each 

comfort factor in more detail.

Thermal requirements
The human body not only absorbs and emits heat through the air 

by convection, e.g. transfer of energy through tiny particles in the 

airfl ow, but is also infl uenced by the surrounding surfaces through 

radiation. Therefore heat transfer by both convection and radiation 

needs to be considered when trying to achieve thermal comfort.

Because of these heat transfer mechanisms, temperature is 

specifi ed as ‘felt temperature’ or ‘operational temperature’. This 

measurement, also known as room temperature, corresponds ap-

proximately with the mean value of the air temperature in the room 

and the mean radiation temperature from the enclosing surface 

areas of the room. This shows how much impact the surface ar-

eas of a space can have on thermal comfort (3).

3

Parameters infl uencing thermal comfort 
Many factors are responsible for the thermal 
comfort level. The human body emits heat 
through radiation and convection, but also per-
ceives the heat/cold from the surrounding walls 
and the airfl ow in the room
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The specifications of mandatory temperatures or temperature 

ranges for rooms and buildings are regulated by many legislative 

directives of the individual countries. Generally, temperatures 

should always be evaluated in relation to the outside tempera-

ture. A difference of 5-6 K (temperature differences are speci-

fied in Kelvin, with 1K equalling 1°C) compared to the outside 

temperature has proven to be a viable definition whereby room 

temperatures of more than 26°C (78.80°F) should be avoided.

Research has shown that users show higher acceptance of 

the room temperature if the temperature can be regulated by 

operable windows. Users are typically less satisfied if the tem-

perature is controlled by a central air-conditioning unit that they 

cannot regulate individually.

 

Evaluation of the comfort level 
The method of calculating the comfort level according to DIN EN 

ISO 7730 (DIN = German Industry Norm) enables consultants 

to estimate the user comfort level depending on the room tem-

perature, the type of activity performed and type of clothing worn. 

This exemplary method of calculation provides a predicted mean 

user rating (4), from which a predicted percentage of dissatisfied 

users can be derived. (PPD = Predicted Percentage of Dissatis-

fied). The method is based on the thermal balance of the human 

body with clothing and activity level (5) as influencing factors as 

well as air temperature, mean radiation temperature, relative air 

flow and humidity. The goal is to strive for a percentage of dissat-

isfied users lower than 10%. This guideline regards the user as an 

individual with his or her unique sensations, and correspondingly, 

unique comfort level.  

Visual requirements
The goal related to the visual perception of a room is to please 

the eye of the occupant. As with thermal comfort, the users’ visu-

al perception as well as their preferences can differ significantly. 

In general, rooms should be designed such that the human eye 

can easily grasp the surroundings and receive a clear impression 

of the space. Easy navigation, sufficient lighting and minor dif-

ferences in contrast facilitate the perception within a room and 

promote visual comfort (6).  

4

DIN EN ISO 7730 Calculation of the comfort level
Predicted percentage of the dissatisfied (PPD) as a function of the  
predicted mean vote (PMV)

5

Clothing insulation values
German Industry Norm DIN EN ISO 7730 assigns a value to individual 
types of clothing. This makes sense considering that for bank personnel, for 
example, business attire is the proper dress code whereas employees of 
a marketing agency, for example, might dress more casually conforming to 
concurrent weather conditions.
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Current research is underway to examine whether well thought-

out design can compensate for inadequat environments. The ef-

fect of colours in a room should not be neglected either. 

And another aspect of visual comfort, just as important but 

often underestimated, is natural light. In as far as incident sun-

light is available it should be used. Human metabolism requires 

sunlight. However, to avoid overheating of the room and glare 

at the work place, sun protection is necessary. A stark contrast 

between light and dark areas resulting from cast shadows is also 

problematic. Thus, we have to compromise when planning for 

thermal comfort.  

Hygienic requirements
A comparative research study of air-conditioned offices and nat-

urally ventilated rooms conducted by the BMFT (German Federal 

Ministry of Research and Technology) in 1998 has found that 

the occupants of air-conditioned rooms felt uncomfortable more 

often than those in naturally ventilated and lit rooms. Working in 

air-conditioned spaces therefore influences the productivity level 

of the employees as well as that of the company. Fatigue and 

poor concentration resulting from such conditions are called sick 

building syndrome (SBS).

The quality of the ambient air plays a significant role in terms 

of hygienic comfort. Besides many other factors it is determined 

by the quality of the air supplied from the outside on the one 

hand and by the degree of contamination contingent on the user 

and the room furnishings on the other. Dust, gases, CO2, odour 

substances, viruses and bacteria constitute such contamina-

tions.

To ensure hygienic comfort the air has to be adequately circu-

lated. We understand this phenomenon when we think of enter-

ing a holiday flat that hasn’t been used for some time. The first 

thing we do is to open the windows and doors because it smells 

stuffy and muggy. 

 

Acoustic requirements
The acoustic comfort level in a room is influenced by sounds 

transferred from the outside, sounds inside the building and from 

the person’s own sound generation, or rather, the resonant re-

sponse (7). 

Noise from traffic and construction sites is the biggest 

source of sound from outside the building. Within the building 

one source of noise is the user himself or herself: talking on the 

telephone, walking around or listening to music. We have to dif-

ferentiate between air-borne sound that spreads from the source 

through the room through the air and structure-borne sound, 

which spreads through the building components such as footfall 

sounds from heels clicking on hard floors. 

Noises can also be caused by technical installations and 

conductors. Such sounds can spread through the whole of the 

building and therefore reduce the acoustic comfort level.
 

6

Visual comfort
Glare, reflections and stark contrast between dark and light areas such as 
the stripe-effect caused by sun sun shielding cast onto the concrete colum-
ns can reduce the visual comfort.

7

Acoustic influence
The acoustic influences that can affect a room comprise of exterior sound 
sources such as aircraft noise, and more often traffic and construction 
noise. In addition there are sound sources from the inside of the building 
that reduce acoustic comfort level, such as conversations in neighbouring 
offices, machine-operating noises as well as footfall sounds due to insuf-
ficient sound insulation.  
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When examining the building requirements individually we realise 

that they can be contradictory. For example, from an acoustic 

point of view, it might be necessary to suspend the entire ceiling. 

Cladding the rough concrete of the ceiling, however, reduces its 

thermal storage capacity and therefore the concrete mass’s natu-

ral cooling effect during summer. If suspending the ceiling can-

not be avoided and the room’s acoustics cannot be improved by 

using partitions or sound-absorbing furnishings we need to con-

sider other methods for cooling the space. This example shows 

that the consultant team has to keep monitoring all demands on 

the entire building and accommodate them. 

If the façade needs to provide a higher degree of sound insu-

lation due to external noise, but operable windows are planned 

to offer natural ventilation, these would no longer ensure sound 

insulation when open. An alternative ventilation method has to 

be considered or we need to modify the façade such that the 

sound insulation is acceptable even when using the windows 

for ventilation.

Regulating the comfort level with the façade
The functions of ventilation, heating, cooling, sun protection and 

directing of light have to be realised through elements of the 

façade or by means of building services components in order to 

achieve the required comfort levels described previously (8).

Ventilation
As we have already seen in the previous discussion about com-

fort, ventilation is a vital factor. The users themselves strongly in-

fluence the environment of the rooms they occupy by their mere 

presence. The human body releases several litres of water per 

day into the room atmosphere in the form of vapour, depend-

ing on the type of activity performed. Exhaling raises the CO2 

content and the temperature increases. The CO2 level should 

be kept at a maximum of 0.1-0.15%. Ventilation regulates the 

temperature as well as the relative humidity of a room. Exhaust 

air is replaced with fresh air and harmful as well as odourous 

substances are removed. Natural ventilation is regulated by re-

spective norms and guidelines. There are two different methods 

of ventilating a room: natural and mechanical ventilation.

natural ventilation
Natural ventilation includes gap ventilation, window ventilation 

and shaft ventilation (9).

Gap ventilation: Self or gap ventilation is the exchange of air in 

a room occurring when windows, exterior doors and roller shut-

ter housings are closed but air penetrates through their joints 

due to the drop of pressure between the interior and the ex-

terior, caused by temperature differences and wind incidence. 

Modern windows typically no longer permit gap ventilation since 

they are well sealed but some models comprise small operable 

flaps (10-12).  

  

9

Natural ventilation
Natural ventilation can be divided into three categories: 1) gap ventilation 
with air being supplied through leaks in the frame or through dedicated 
small ventilation flaps; 2) traditional window ventilation, and 3) shaft ventila-
tion where the exhaust air is drawn out through a vertical shaft.

8

Overview of façade functions 
The functions of ventilation, heating, cooling, sun protection and directing 
of light have to be realised through various components in the façade or in 
close proximity to it.
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Window ventilation: The most common method of natural ven-

tilation is window ventilation whereby different types of hardware 

and fittings have an impact on the efficiency of the ventilation. 

Ventilation efficiency is also influenced by the wind pressure ex-

erted on the façade. If ventilation is only provided through one 

side of the façade, it can be achieved for rooms about 2.5 times 

deeper than high. Cross ventilation causing ‘draught’ is more 

efficient, since sufficient ventilation can be achieved for rooms 

5 times as deep as they are high. Today, motorised windows 

are available that provide automatic ventilation depending on the 

actual requirement or to facilitate opening windows that are dif-

ficult to access.

13

Different types of ventilation openings 
The method of opening a window can be varied by 
using different hardware fittings. Each method entails 
a different amount of air passage.

12

Ventilation slots
Small ventilation slots with fly screens are mounted on the exterior of the 
window frame. They provide ventilation even when the window is closed.  

10

Closed window with open flap
Adjustable gap ventilation in a wooden window; the arrow points to the 
open flap that provides ventilation even when the window is closed.  

11

Closed window with closed gap vent
Closing the ventilation flap makes the window fully windproof.     
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Shaft ventilation Shaft ventilation is primarily used to exchange 

high volumes of air. Fresh air flows into the room through the 

windows, is then exhausted through a shaft, usually located in 

the centre of the building, and exits through the roof. Shaft venti-

lation is widely used in apartment buildings and, in earlier times, 

was often used to allow large building depths. Shaft ventilation 

is also very reliable in winter because the shaft’s wind-protected 

location within the building prevents the exhaust air from cooling 

rapidly and therefore maintains the ventilation’s functionality.

Nowadays, exhaust shafts are often situated within the 

façade: the shaft-box façade is one example. With this type of 

façade the exhaust air is heated by solar radiation and therefore 

rises more quickly. 

 

Mechanical ventilation
Mechanical ventilation systems are often employed if continuous 

ventilation is needed throughout the year. The required air ex-

change rates are regulated by local law. 

The most simple mechanical ventilation systems comprise small 

motorised fans that are installed in the exterior wall (14) and blow 

the exhaust air to the outside. Fresh air is introduced from a dif-

ferent location.

A large quantity of building services are required for centrally 

controlled ventilation and air-conditioning systems because sup-

ply and exhaust ducts have to be run through the floor-ceiling 

units (15). The ventilation control stations take up large amounts 

of useable space; in high-rise buildings even entire storeys are 

designated as service storeys that contain all building services 

systems in one area. The big advantage of mechanical ventilation 

systems is the possibility of waste heat recovery: energy is drawn 

from the exhaust air and is re-introduced into the heating system. 

In many cases the air is conditioned as soon as it is centrally 

processed; this is then called an air-conditioning system. Par-

ticularly with regards to required space and individual control of 

the room environment, the trend goes toward decentralised units 

that permit individual regulation of the air-conditioning or ventila-

tion of specific rooms or a defined group of offices (16). Such 

decentralised units consist of compact subsurface devices that 

are installed within a false floor (double-layer supported floor) 

close to the façade in the case of storey-high glazing (17) or 

within the parapet area. The conditioned air is released into the 

room through air outlets. Each user can control the unit and can 

therefore regulate the comfort level in the room to his/her own 

preference.  

15

Mechanical ventilation  
by extraction  
Exhaust vents are installed in 
the suspended ceiling. The 
exhaust air is led through the 
ducting in the suspended ceil-
ing to the central air-condition-
ing system.

16

Decentralised  
ventilation units
Small decentralised ventilation 
units are installed within the fa-
çade grid as necessary. Fresh 
air enters the building through 
inlet openings in the façade.

14

Simple mechanical ventilation 
The simplest mechanical ventilation method is to install small electric fans in 
a window; a protective screen on the outside provides protection from rain 
and prevents insects from entering the room. However, this solution is only 
advisable under special circumstances such as for a server room, where it 
is not necessary to constantly monitor the operation. The image also shows 
how dirty the screen becomes over time.  
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Heating
Ventilating a room causes the room temperature to drop every 

time fresh air is introduced so to keep the room heated, ventila-

tion causes a constant energy demand. In addition, heat is lost 

through the enclosing room surfaces which again necessitates 

heating. The following section describes different options to 

heat a building with components in close proximity of the façade. 

(Heating through the room air, which requires a ventilation pip-

ing network and central air heating system or an air-conditioning 

unit is not included here, as they are regarded as being part of 

general building services).

Heating elements
The most simple and common method of heating a space is using 

heating elements. Heating elements can be divided into systems 

based on radiation (18) and those using convection (19, 20).  

17

Decentralised air-conditioning unit
Decentralised air-conditioning units were 
installed in the false floor of the Post Tower in 
Bonn, Helmut Jahn, 2003. The image shows a 
unit during installation; the air supply ducts and 
the water pipes providing the device with thermal 
heat are clearly visible.

18

Radiator
A radiator releases part of the generated heat 
into the room by radiation with a smaller portion 
being delivered by convection.

19

Convection heating
Convection heaters use the principle of warm air 
rising upwards. The heated fins of a convection 
heater draw in the cold air from beneath and then 
release the warmed air upwards into the room. 
This causes the air to ‘roll’ to the far end of the 
room. 

20

Under-floor convection heating  
Under-floor convection heaters are based on 
the same principle. They, too, draw the cold air 
from beneath and release it upwards as warmed 
air. Visually, these systems are less obtrusive 
but they cannot be adjusted and require more 
maintenance since dirt can fall directly into the 
openings.
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Façade heating
Another heating method is façade heating whereby warm water 

runs through the façade sections (21) which improves the com-

fort level in the vicinity of the façade. In warm weather this system 

can be used for cooling by using cold instead of warm water. 

The façade sections fi lled with warm water radiate the heat into 

the room; the human body senses this as more comfortable than 

convection currents which can feel draughty. However, façade 

heating cannot be used to heat an entire space. More often, it is 

employed to prevent condensation on the glazing of large façades 

in foyers or entrance halls. When planning façade heating all con-

necting points must be carefully examined because the façade 

elements undergo large linear thermal expansions on the exterior 

side and at the heat conveying elements. 

For the sake of completeness, we should also mention fl oor 

heating, panel heating and activated building components. With 

fl oor heating, panel heating or activated building components wa-

ter pipes run through the fl oor, the wall or loadbearing concrete 

ceiling units. In the same manner, cooling can be implemented in 

walls or ceilings.

 

Cooling 
Air-conditioning systems of various types and models are the 

most commonly used devices for cooling. However, there are 

also structural measures that can be employed to lower tem-

peratures during warm weather periods to an acceptable level, 

especially for offi ce and administrative buildings with large ex-

panse of glazing. Such measures can generally be divided into 

different types of functionality. We can either cool the warm air 

already existing in a room or use sun protection in or on the 

façade to prevent incident sunlight from heating up the room air 

in the fi rst place.

night-time cooling 
Several principles of cooling can be employed. When using air as 

the cooling medium the inherent storage capacity of high-mass 

components can be utilised. When working with a frame con-

struction the fl oor-ceiling units are the only components that can 

be used for this purpose but they do provide large usable areas. 

Concrete ceiling slabs can store thermal energy up to 50-70 mm 

(1.97-2.76 in) deep. During the hot summer season, several mo-

torised windows are opened at night when the air has cooled off 

(23). The cool air then fl ows along the underside of the rough 

concrete ceiling slabs (night-time air cooling). The warm air stored 

throughout the day is extracted and the cooled ceiling does not 

heat up as rapidly; the room therefore remains cool for a longer 

period of time (22).  

22

Night-time cooling
The temperature of the ceiling 
can be lowered by letting cool 
night air enter through open 
ventilation fl aps so that it fl ows 
along the underside of the fair- 
faced concrete ceiling. During 
the day the cooled ceiling 
extracts heat from the room 
air causing a natural cooling 
effect.  

21

Façade heating  
Façade heating uses warm water running through 
the façade sections. The entire façade radiates 
the heat into the room and improves the comfort 
level in its vicinity.
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Activated building components (Chilled ceilings)
Another suitable medium for cooling is water. Water-bearing 

pipes run through concrete ceiling slabs and are filled with cold 

water during the hot summer months. The cold water along with 

the activated mass of the building component extracts heat from 

the room. An added benefit of this system is that it can also be 

used for heating by feeding warm instead of cold water into the 

same pipes (24).  

Cooling ceilings
Cooling ceilings are based on the same operating principle but 

are mounted underneath the structural ceiling or installed as part 

of a suspended ceiling (25); allowing for future de-installation 

or upgrades. An alternative solution is the use of cooling wings 

suspended from the ceiling. By passing cold water through these 

wings warm air is extracted from the room (26). They can be com-

bined with light fixtures and acoustic elements. However, cooling 

wings have to be arranged depending on the location of the work 

spaces, which reduces the flexibility within the room.

23

Façade flaps
Flaps are located in the upper and lower areas of the façade elements. The 
protruding ceiling overhang provides protection from rainwater and allows 
for unattended ventilation at night.  

25

Cooling ceilings 
The cooling ceiling is  
suspended from the 
concrete ceiling and 
comprises water-bearing 
elements that radiate  
cool air into the room.  
The benefit of this system 
is that it is easy to install 
and retrofit.

26

Cooling wings 
Cooling wings often 
provide a good cooling 
solution since they can 
be combined with light 
fixtures and acoustic  
elements. 

24

Activated building  
components  
(Chilled ceiling) 
Water-bearing pipes run 
through concrete ceiling 
slabs. They can be used 
with either cold or warm 
water for cooling or heat-
ing, respectively.
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Sun and glare protection
An energy-effi cient adaptive façade can adequately react to the 

different thermal requirements caused by the changing of sea-

sons. In terms of solar energy input, the requirements on the 

façade are diametrically opposed during summer and winter. In 

winter solar energy gain is desired, necessitating the highest de-

gree of total thermal energy penetration (solar permeability of the 

façade). During summer, however, overheating due to incident 

sunlight has to be avoided. Besides other passive measures this 

primarily requires a correspondingly low degree of thermal energy 

penetrating through the façade. These opposing demands can 

only be fulfi lled by a façade system that can change its perme-

ability of solar energy. This fl exibility can be achieved by installing 

sun protection. 

Potential shading of the building caused by structures in its 

vicinity needs to be examined during the initial design stage. In 

an urban environment, it might not be necessary to provide sun 

protection because neighbouring buildings (27) shield off the 

sun. The following section provides an explanation of the operat-

ing principles and place of installation of various sun protection 

systems. 

 

Interior sun and glare protection 
The effectiveness of interior sun protection cannot compare with 

exterior sun protection. Once the thermal energy has penetrated 

the glass and entered the room, interior sun protection (28) can 

block only a small portion of the thermal radiation. However, in-

terior glare protection by means of a screen is effective, specifi -

cally for computer work places (29). The screens are made of 

foils or textiles available with different light transmission values, 

i.e. the amount of light that can penetrate.

27

Shading 
In an urban environment it might not be neces-
sary to provide sun protection on all sides of the 
building because neighbouring buildings shade 
parts of the façade. 

28

Interior sun protection 
Interior sun protection is not as 
effective as exterior sun protec-
tion. It is therefore primarily used 
as glare protection for computer 
work places. 

29

Glare protection
The façade comprises of glare protection blinds on the interior in addition 
to exterior textile blinds for protection from the sun. The parapet area com-
prises operable windows and ventilation fl aps.
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Fixed sun protection
Fixed sun protection provides a good opportunity for shading. 

Horizontal elements mounted at ceiling level that protrude far out 

of the façade are known as brise-soleil (30). Another solution are 

fixed or pivot-mounted louvres mounted onto the façade. How-

ever, they do not achieve the same protection values as those 

that can be adjusted by angling. And the method of cleaning the 

glass panes behind the louvres (31) needs to be considered at 

an early stage.

Fixed sun protection systems can serve alternate functions 

such as service platforms or secondary emergency exits if they 

are far enough apart from the glazing.

Using plants is another method of providing fixed shading 

(32). Deciduous plants are the best choice as they lose their 

leaves in the winter which increases the possibility of thermal 

energy penetrating the building during the heating period. How-

ever, we need to consider that plants have to be trimmed regu-

larly to avoid obstructing the view and that an irrigation system 

should be planned for. 

 

Exterior sun protection
Exterior sun protection systems can be divided into fixed and 

movable systems. These systems provide the best sun protection 

because the solar radiation is intercepted in front of the glazing 

before it penetrates into the building.

30

Brises-soleil
These fixed sun protection elements 
protrude from the ceiling-floor units 
and can serve as service platforms 
if they have adequate width and 
carrying capacity.

31

Fixed louvres 
Fixed louvres can be arranged 
vertically as well as horizontally. 
Depending on the configuration the 
louvres can be adjusted by angling 
to improve shading. The method of 
cleaning the glass surfaces behind 
the louvres needs to be considered 
during planning.

32

Façade plantings
Plants arranged in front of the glass panels can be used as fixed sun protec-
tion. When using plants as sun protection, regular trimming and irrigation 
have to be taken into account.
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Movable sun protection
One example of movable sun protection are textile systems; ei-

ther as roller blinds that can be rolled up or down in front of 

the glass panes or canopy-like systems attached to rails on the 

façade. Both allow uninhibited outside views.

Another and often used variant are Venetian blinds that com-

prise of adjustable louvres to regulate the incident sunlight. 

These blinds can be divided into separate parts so that, for 

example, the upper slats are in a shallower position than the 

lower ones, allowing sunlight to penetrate deep into the room. 

Today motorised systems are the norm; some even use sensors 

to regulate the louvres automatically depending on the position 

of the sun.

Movable sun protection systems can be damaged by strong 

winds and therefore need to be retracted during adverse weather 

conditions. Hence arranging the sun protection inside the façade 

spacing is an efficient solution, particularly for high-rise buildings 

since they are usually subjected to high wind loads. 

Over the past few years sliding sun protection shades have 

also been used for apartment buildings and low-rise office build-

ings. The suspended panels can be moved automatically or 

manually. The frames can be filled in with aluminium or wooden 

louvres or metal mesh. Due to the horizontal movement of these 

panels a so-called park position has to be planned for in which 

the sliding shades can be parked when open.

33

Roller blinds
Textile roller blinds can be moved up and down on cable guides. The type of 
fabric used determines the degree of visual contact to the outside. 

34

Venetian blinds
Venetian blinds are used extensively 
as sun protection. The market of-
fers numerous systems of varying 
colours, types of construction and 
dimensions. Some Venetian blinds 
include a separate upper area with 
shallower louvre positions, allowing 
the sunlight to be directed deep 
into the room.

35

Horizontal sliding shades
Horizontal sliding shades can be 
used in low-rise buildings. They can 
be motorised or controlled by hand. 
A wide range of infill materials 
such as metal mesh, grids, wooden 
slats or textiles offer many design 
options.    
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Customised solutions
The industry constantly develops new sun protection products. 

Some remain as special solutions whereas others mature to 

standard systems. The following section presents some of the 

products available today as principle solutions. 

Today, sun protection elements are often placed in the spac-

ing between the glass panes of double glazing (36, 37). How-

ever, inserting elements in the spacing between glass panes has 

advantages as well as disadvantages. Inserting metal grids or 

wooden louvres, for example, saves time and eliminates the need 

for cleaning. But if a glass pane breaks the sun protection ele-

ment has to be replaced as well. Motor-controlled Venetian blinds 

inside double glazing are critical. If a motor fails or the blind jams, 

the entire double glazing has to be replaced. In general, all ben-

efits and downsides of a specific system need to be considered 

before making a choice. For example, this solution could make 

sense if it simplifies the cleaning of the façade. On the other 

hand separate systems allow for more independence during fu-

ture operation.

One very simple method of sun protection is to imprint the 

glass surface with silk-screened patterns of ceramic-based paints 

that consist primarily of pigmented glass particles called frit (38). 

This only affects the glass pane itself. Graphic elements of any 

pattern or grid can be applied to the glass to reduce the incident 

sunlight. Since this method offers a wide range of possible vari-

ations the sun protection can be adapted to the requirements of 

the specific usage.  

  

37

Central Library, Seattle  
In Seattle’s new library an expanded metal mesh layer was inserted in the 
glass airspace as sun protection. For this building with its inclined façade 
and roof panes, the in-built sun protection is a better solution than external 
systems.

38

Fritted glass
Using fritted glass is a simple method of sun protection. It provides great 
design flexibility for the façade. The image shows a façade with several 
densely fritted glass panes.

36

Central Library, Seattle, OMA and LMN Architects, 2004
This detail shows the rhombic steel beam loadbearing structure of the 
façade. An expanded metal mesh layer was inserted in the glass spacing to 
filter the sunlight.
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Light-directing systems 
Quite often, natural lighting is insufficient for very deep rooms, es-

pecially if work places are located on the far side of the façade. In 

these cases systems that direct the light into those areas can be 

used. Such systems can also be employed to provide glare-free 

lighting in the case of direct incidence of sunlight.

Daylight-directing systems can reduce the energy consump-

tion caused by artificial lighting and improve the visual comfort. 

However, light-directing systems are still very expensive and, from 

a design standpoint, look very different than other parts of the 

glazing because they do not offer uninhibited visual contact to 

the outside. Therefore sun protection systems such as Venetian 

blinds with light-directing functionality in the upper section are 

often used instead. In this case, the upper louvres are adjusted at 

a different angle or they are shaped differently.

Light-directing systems work in different ways. There are hori-

zontal elements that direct the light by reflection (39), and there 

are those that are vertically inserted into the sun protection system 

or the glass layer (40). These elements do not reflect the light 

but re-direct it at a different angle. Many solutions are available, 

all based on this principle. To name only a few: holographic foils, 

fine prismatic surfaces and reflective louvres arranged in specific 

geometries.

The ceiling finish is particularly important for directing or re-

directing light because it can support or inhibit light distribution. 

Simple solutions include painting the ceiling white or mounting 

light-directing elements. 

 

39

Horizontal light-directing systems
Horizontal light-directing elements are 
mounted on the exterior side of the 
façade in the form of small consoles. 
The incident light is reflected and  
directed across the ceiling toward  
the far end of the room.

40

Vertical light-directing systems
Vertical light-directing systems installed 
between the glass panes refract and 
then spread the light into the room by 
holographic foils or prismatic glazing. 
These systems should be installed 
above the viewable area up to the ceil-
ing to achieve optimum light intensity 
without restricting the visual contact to 
the outside.
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6 | Adaptive Façades 

Buildings able to adapt to changing climatic conditions are called 

intelligent buildings. Since the term intelligent can be misleading 

when used in the context of buildings or façades, we will use the 

term adaptive façade instead. Adaptation generally means that 

buildings and façades adapt to current weather conditions.

Instead of shutting the environment out, it makes more sense 

to make use of it since this will have a positive impact on the 

comfort level of the occupants as well as on the energy con-

sumption. In Central Europe this technology has evolved from 

traditional methods of construction because the moderate cli-

mate allowed for window ventilation and exterior sun protection. 

Another factor would be shallow building depths, providing each 

occupant with access to the façade and therefore daylight and 

natural ventilation.

The downsides of this construction method are high room 

temperatures during heat waves, susceptibility to wind damage 

to exterior sun protection (this is especially true for high-rise 

buildings or in windy regions), draught caused by natural venti-

lation in winter, and reduced daylight with limited transparency 

when the sun protection is in use. 

Well thought-out concepts for an adaptive façade promise 

to minimise at least some of these disadvantages so that a high 

comfort level can usually be achieved even without air-condition-

ing. In so-called hybrid buildings the comfort level can be further 

increased by integrating a supporting air-conditioning system for 

extreme climatic conditions.

The following section provides a short overview of adap-

tive façade systems. In order to explain the active principle of 

façades we will begin with clarifying basic aspects of the build-

ing physics. 

Sun
The sun is the most important supplier of energy and the genera-

tor for all living things on earth (1). Compared with the energy 

demand of the earth the sun’s energy reserves are unlimited. 

The amount of solar energy reaching the earth as solar radiation 

is only a fraction of the energy travelling to our planet. A portion 

of the most dangerous solar radiation is blocked by the earth’s 

atmosphere, which forms a safe, filtering layer around the earth. 

Another part of the solar radiation reaching the earth is absorbed 

by the water mass of the oceans. The majority of solar energy, 

however, is absorbed by plants; they convert the carbon dioxide 

in the air into oxygen by photosynthesis and create the basis for 

all human and animal life. As primary energy transferring medium, 

wood, as well as oil and coal produced by the transformation of 

biomass at the deeper layers within the earth’s crust, are used 

for heating.

Solar energy has only been directly used for heating for a few 

hundred years, and the technology of solar energy generation is 

a lot newer than that – it is only a few decades old.

Related to buildings the sun can be utilised as a generator 

for cleverly devised climatic concepts and for facilitating natural 

air circulation. 

 

1

Earth’s atmosphere
The earth is enclosed by several layers of air that filter off hazardous spec-
trums of the solar radiation, thus blocking them from the earth. Compared 
with the energy demand of the earth, the sun’s energy reserves are unlim-
ited. Only a small portion has been used so far.
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Heat
Heat or heat quantity is a physical value and describes the trans-

mission of thermal energy across system boundaries. Heat is tied 

to this transmission process and is therefore a process factor, 

as opposed to a state variable. Thereby thermal energy is always 

transmitted from the system with the higher temperature in the 

direction of the system with the lower temperature (3).

When heat radiation like sun-rays hits an object it can either 

be partially transmitted (transmission), partially refl ected (refl ec-

tion) or partially absorbed (absorption). If an object absorbs the 

heat radiation, it heats up. This heat can be passed on according 

to the principles of heat transmission.

Within a substance this is called thermal conduction. Within 

a fl uid medium, including air, heat spreads in the form of con-

vection, whereby warm air becomes lighter because its density 

decreases, and rises, resulting in an air current. Transmission of 

heat from object to object is called radiant heat or radiation. The 

thermal fl ow is always directed from the higher temperature level 

to the lower level.

The phenomenon of thermal radiation is very noticeable when 

we sense the heat of the sun on our skin or feel uncomfortable 

standing next to a cold wall because it draws the warmth from 

our bodies. 

Light 
Light is the term for the range of electromagnetic solar radiation 

that can be perceived with the human eye. This range includes 

wavelengths of between 380 and 780 nanometres (2). Below 

this visible wave range is the short wave ultraviolet radiation – the 

long-wave infrared radiation lies above. If the energy of long-wave 

radiation is increased, it can even be used as the cutting force of 

a laser beam. The human eye perceives the stimuli and intensity 

of incident light as shades and colours. 

2

Visible light spectrum
The human eye can only perceive a small portion of solar energy as visible 
light. The wave spectrum ranges from short-wave ultraviolet radiation to 
long-wave infrared radiation. 

3

Heat transmission
Heat can be transmitted in different ways; the energy is transported or dis-
sipated depending on the medium. The different transmission mechanisms 
can be categorised as radiation and thermal conduction.
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Greenhouse effect 
The principles mentioned above help to describe the greenhouse 

effect, the reason why glass is used in architecture to utilise so-

lar energy.

If short-wave radiation hits a glass pane it can penetrate the 

glass. So glass transmits the solar radiation; the radiation sub-

sequently hits objects such as the fl oor or walls of a room and is 

absorbed. During this process the radiation is transformed into 

long-wave heat radiation. This heat radiation is then transmitted 

into the room (4). Unlike short-wave solar radiation, this long-

wave heat radiation cannot penetrate glass, causing the room 

to heat up. Numerous concepts to heat and naturally ventilate 

buildings can be derived from this one-way transmission prop-

erty inherent to glass. 

 

History of adaptive façades   
Within the scope of the technologies of their time, traditional 

farmhouses had already made optimum use of energy-saving po-

tentials. The heat generated by the livestock was used for heat-

ing the building, and straw and hay were not merely bedding 

and feed but provided insulation. Energy consumption caused by 

burning fi rewood was kept to a minimum. Windows had folding 

shutters that created a thermal buffer between the glass and the 

shutter at night, very much like a double-skin façade today (5).  

In alpine regions, this method of construction still exists to-

day. Double-skin structures make up one of the most widely em-

ployed functional principles used to protect against exterior en-

vironmental infl uences through the façade envelope. Prior to the 

development of insulated glass a second window was installed 

to utilise the area between the two windows as a thermal buffer. 

The combination of two single glass panes in this box window 

generates higher insulation values and can be adapted to the 

prevailing weather conditions. During winter both windows re-

main closed, whereas during summer the exterior windows can 

be opened to provide ventilation.  

4

Greenhouse effect 
Since short-wave radiation penetrates 
through glass, objects behind the glass 
layer can heat up by absorbing the 
radiation. Short-wave radiation is then 
transformed into long-wave radiation for 
which glass proves impermeable. The 
room heats up accumulatively.  

5

Historic half-timbered house 
The windows employ timber folding shutters to adapt to changing weather 
conditions. The layer of air between the glass and the folding shutters 
serves as thermal insulation.   

A D A P T I V E  FA Ç A D E S



88

Le Corbusier’s thoughts were never conveyed into a satisfactory 

result. His ideas were far ahead of his time. Today, his ‘mur neu-

tralisant’ can be seen as the predecessor of the exhaust-air 

façade; this type of façade allows regulating the environment of 

the usable spaces individually, independent of the exterior envi-

ronment by employing a combination of a double-skin structure 

and an air-conditioning unit. 

Whereas Le Corbusier aimed to moderate the room adjacent 

to the façade with an artificial environment in the building enve-

lope (independent of the exterior conditions), modern environmen-

tal concepts use the gap between façade layers to create a 

buffer. Thus the façade space creates an intermediate environ-

ment between the interior and the exterior.

In modern times glass has been used more and more frequently; 

however, this has increased the issue of excessive cool-down 

in winter and overheating in summer. As early as 1929 Le Cor-

busier formulated a concept for a building envelope with positive 

impact on the indoor climate (7) in Precisions: On the Present 

State of Architecture and City Planning. He talked about the ‘mur 

neutralisant’: ‘We have seen that these neutralizing walls are in 

glass, in stone, or in both. They are made up of two membranes 

with a space of a few centimetres between them. [...] A circuit in 

that narrow interval between the membranes, hot air is pushed if 

in Moscow, cold air if at Dakar. Result: One has regulated in such 

a way that the inside face, the inside membrane, stays at a tem-

perature of 18 degrees. There you are! [...] The house is sealed 

fast! No dust can enter it. Neither flies nor mosquitos. No noise!’ 

(Precisions, p. 66) 

6

Functional principle  
of a box window
Schematic drawing of a box window 
with two individually operable windows.  

7

Mur neutralisant 
Le Corbusier already developed the 
idea of a climatically active façade 
that actively shields the building from 
exterior influences, in order to achieve 
comfort for every climate. 

A D A P T I V E  FA Ç A D E S



89

Another concept defines the façade as a regulating layer similar 

to a filter between the inside and the outside which allows an ex-

change of environmental conditions through the façade, depend-

ing on the requirements. Whereas Le Corbusier’s mur neutralisant 

was based on the idea of actively neutralising exterior influences 

on the interior space, these façades utilise exterior environmental 

conditions and make them available for optimum use by the build-

ing. This type of façade, known as a collector façade, employs 

environmental energy by mostly passive means. This façade also 

incorporates a buffer zone within the façade layers; but unlike the 

concepts described before it interacts with the exterior climate 

within the outer shell. 

In the forties, Buckminster Fuller had already developed con-

cepts that comprised of a dome-shaped structure as a secondary 

envelope to generate an independent microclimate with passive 

means alone. The effect of wind and sun on the envelope were to 

be the only methods to generate cooling, ventilation and heating. 

Buckminster Fuller, Norman Foster and Frei Otto also considered 

the use of a large environmental envelope to create a microcli-

mate, much like a cheese cover.

None of these visionary ideas were ever realised but drove the 

development of solar architecture in the U.S. during the sixties 

and seventies. These were mostly ecological detached houses, 

self-constructed with solar façades and solar collectors. 

 

In 1981, working for Richard Rogers and Partner, Mike Davies 

already formulated the idea of a polyvalent wall (8) in his article 

titled ‘A wall for all seasons’. Here, several functional layers within 

a glass element were to provide sun and heat protection, and to 

regulate the functions automatically according to current condi-

tions. The wall itself was to generate the necessary energy. The 

term ‘intelligent façade’ derives from the concept of the polyvalent 

wall. Although the matter of technical realisation has not yet been 

resolved, the polyvalent wall is the vision as well as a driving force 

for new façade technologies, and many scientists have been en-

gaged in this topic over the last two decades.   

The oil crisis in 1972 and the resulting awareness that resourc-

es are limited led to considerations of using the energy created 

by solar radiation incident on façade surfaces. The ecologically 

conscientious building movement in the eighties was a conse-

quence of these developments. The following section describes 

the main types of façades that actively create energy, known as 

collector façades.  

8

Polyvalent wall
In 1981 Mike Davies formulated the idea of a polyvalent wall in which all 
the functions of the façade were to be fulfilled by one element with several 
layers. The façade was also meant to generate the necessary energy itself.  
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Collector façade
Trombe wall 
The Trombe wall (9) is the most simple collector wall and uses 

the greenhouse effect. Short-wave sunlight penetrates the glass 

panes on a south-facing wall and hits on a dark absorbent layer 

– the so-called Trombe wall. It is absorbed and transformed into 

long-wave heat radiation. The heat in the gap between the façade 

layers is transmitted through the wall into the room behind it. De-

pending on the structure of the wall and its storage capacity, the 

heat gained can be discharged quickly or over a long period of 

time, well into the evening hours. If there are openings at the top 

and the bottom of the wall, then the thermal difference within the 

gap causes the room air to circulate (10). Cold air is drawn into 

the gap at the bottom, heated up and then exits into the space 

behind. This principle is called air heating. If additional openings 

are installed in the exterior glass layer, the air circulation within 

the gap feeds warmed fresh air into the room. The same princi-

ple applies to leading exhaust air out of the exterior façade. 

One example of a simple Trombe wall is the residential house 

of Steve Baer in New Mexiko, U.S.A., built in 1973 (11, 12). A 

wall of (water-filled) oil barrels stores the heat of the sun during 

daytime. The wall is insulated from the inside space by a cover. 

At night, the exterior covers are closed and the interior covers 

open, so that the heat stored during the day can be discharged 

into the room.

9

Trombe wall  
The Trombe wall utilises the 
greenhouse effect. Solar energy 
penetrating through the glass is 
absorbed by the thermal mass of a 
dark wall and later discharged into 
the interior space.

10

Ventilated Trombe wall  
Vent openings in the Trombe wall 
cause additional convection. The 
Trombe wall can then function as an 
air heating system. 

11

Detached house, Corrales, New Mexico, Steve Baer, 1973
Functional principle of Steve Baer’s Trombe wall made from oil barrels. Dur-
ing the day, solar energy is stored in the water-filled oil barrels. At night the 
exterior covers are closed and the interior covers are opened, so that the 
heat can be discharged into the room.

12

Detached house, Corrales
The image shows the oil barrels in the open façade as well as the tackles 
used to operate the covers from the inside.
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Transparent heat insulation
Transparent heat insulation (THI) should be mentioned in this 

context. THI elements (14) can be used instead of the single 

glass layer. THI elements are installed in front of the absorbing 

wall (Trombe wall), solar radiation penetrates the THI elements 

and heats the absorbing wall while the THI elements minimise 

heat loss toward the exterior. However, in order to prevent over-

heating in summer, sun protection has to be installed in front of 

the THI. Bevelled glass is being developed that would reflect the 

sun beams when the sun’s position is high (summer), so that the 

solar energy is only absorbed during the cold season when the 

sun is lower in the sky. THI elements are useful in combination 

with a collector wall to utilise the principle underlying the Trombe 

wall and to allow for adaptation to the seasons. THI elements can 

also be used alone without a collector wall to light the room with 

diffused light and to improve heat insulation at the same time. 

Transparent heat insulation can be based on different operat-

ing principles whereby the geometric arrangement of the THI 

layer varies. All THI elements increase heat insulation and let dif-

fuse light enter the room, depending on the method of construc-

tion. In order to protect the materials used, they are all installed 

between two layers of glass. We can differentiate between four 

applications (15).

15

Structure of THI elements 
According to their functionality,  
THI elements can be grouped into 
four categories:   
1 Parallel to the glass layer
2 Perpendicular to the glass layer
3 Chamber structures
4 Almost homogenous structures

14

Typical THI elements
Shown here are parallel and perpendicular structures, fibre glass webbing 
and aerogel as fine structures.

13

Aerogel
NASA developed aerogel as early as around 1950; it is a very good thermal 
insulator. The high percentage of air (ca. 95-98 %) makes it extremely light. 
Due to its appearance it is also referred to as ‘solid smoke’.  

1 Light is guided through standing air layers parallel to the glass 

layer. The light is reflected by the individual separating layers, 

usually consisting of polycarbonate or Plexiglas and falls in the 

inside space.

2 Light is guided perpendicular to the glass layer through honey-

comb shaped or tubular plastic elements. One advantage of the 

vertical arrangement is the formation of small air volumes which 

increase the insulation value.

3 Closed-cell fills or chamber structures are applied as translu-

cent materials such as acrylic foam fills or saline hydrates. Con-

vection of the enclosed air is largely prevented. Fills of light fibre 

glass mats are also possible.  

4 Almost homogenous structures can be created by using mi-

croscopically fine materials such as aerogel. Aerogel consists of 

2-5% silicate and 95-98% air; this slightly porous material is also 

called ‘solid smoke’ since it resembles solidified smoke (13).  
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Exhaust-air façade  
Exhaust-air façades consist of a multi-layered façade structure; 

however, they differ from double façades in that they require 

mechani cal ventilation to achieve air movement (17). The inte-

rior layer is often made of single glazing or textile roller blinds. 

The enclosure to the exterior consists of double glazing. The 

 exhaust air is drawn through the space between the façade lay-

ers via vents. The air can flow in two directions; from the bottom 

upwards or from the top downwards. The exhaust air is then 

transferred through air ducts and typically exits through the roof. 

The exhaust system can include a heat recovery option. The 

thermal energy generated by the sun protection warming up the 

gap between the glass panes is extracted through the ventila-

tion system. The continuous circulation of warm air in the façade 

gap increases the comfort level in the vicinity of the façade. This 

comfort gain allows for more workstations close to the façade. 

An exhaust-air façade usually excludes natural ventilation and the 

building requires year-round mechanical ventilation. Due to the 

enclosed outer skin, this type of façade achieves good sound in-

sulation. A simple variant of an exhaust-air façade is one without 

16

Lloyd’s Building, London, Richard Rogers, 1986
In the Lloyd’s Building by Richard Rogers, the air ducts of the façade are 
recognisable by the ventilation ducts attached on the outside. 

the interior glass layer, using only the gap between the double 

glazing and the sun protection blind as an air conducting space. 

Buildings known to employ exhaust-air façades are the New 

 Parliament Building in London by Michael Hopkins and Partner 

(18) and the Lloyd’s Building (16), also in London, planned by 

Richard Rogers. The air ducts in the façade of the New Parlia-

ment are clearly visible – they reach beyond the roof and gather 

in large chimneys. On the other hand, in the Prisma Building 

in Frankfurt by Auer + Weber + Partner, 2001, the exhaust-air 

façade functions as a solar chimney: the exhaust air is extracted 

from and through the entire façade. It therefore constitutes a var-

iant of the exhaust-air façade with natural ventilation. (However, 

from a structural point of view this façade is a double façade).
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Double façade
From a structural point of view double façades consist of three 

functional layers. Typically the exterior façade layer is made of 

single glazing. It is separated from the interior glazing, which in 

turn forms the room enclosure and usually consists of double 

glazing. Depending on the specifi c design, the distance between 

interior and exterior façade layer can vary. In order to utilise the 

effect of a thermal buffer in the space between the two façades, 

ventilation openings are installed in either one of the exterior and 

interior façade or in both. The air in the gap between the façades 

heats up due to solar radiation and hence serves as a buffer to-

ward the interior space. Due to the thermal difference, the warm 

air can be used as a generator of natural ventilation of the interior 

room or the space in between the façades. 

Double façades are most suitable for protecting the interior 

space from noise sources such as highly frequented streets. 

However, when designing a double façade as sound insulation 

for a specifi c project, we need to examine the different methods 

of construction.

In case of strong winds the sun protection elements installed 

on single skin façades of high-rise buildings have to be retracted 

to prevent damage. This, of course, entails that the adjacent 

rooms will not be protected from overheating. Therefore double 

façades are especially suitable for high-rise buildings since sun 

protection elements can be safely installed inside the gap be-

tween the two façades so that they are not exposed to the wind. 

Depending on the method used to conduct air in the space be-

tween the two façades, double-skin façades can be grouped into 

four main categories:

• In a box-window façade the air only circulates within one façade 

element.

• In a shaft-box façade the air rises in vertical shafts alongside 

the façade and draws the exhaust air from adjacent façade ele-

ments with it.

• In a corridor façade the air circulates within the gap between 

the façades horizontally across one storey.

• In a second-skin façade the air circulates across the entire 

façade area within the unrestricted gap between the two façade 

layers.

17

Exhaust-air façade 
With an exhaust-air façade the 
exhaust air is extracted through the 
space between the façade layers by 
means of a central air-conditioning 
unit. Therefore the temperature of 
this space drops only marginally 
compared to the room temperature, 
resulting in increased comfort in the 
area close to the façade. 

18

New Parliament Building, London, 
Michael Hopkins, 2000
The air ducts in the façade of the New Parliament 
can be traced beyond the roof to large exhaust 
chimneys.  
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One example of a box-window façade is the Daimler-Chrysler 

Building by Hans Kollhoff (20) at the Potsdamer Platz in Berlin. 

However, instead of using storey-high elements, box windows 

were inserted in the fenestrated façade made of prefabricat-

ed clinker brick components (21). The exterior glazing can be 

opened for cleaning. Ventilation is provided for by gaps at the 

top and the bottom, whereby the upper gap can be closed by 

vertically shifting the position of the exterior window. This could 

better utilise the air collection effect in the façade gap during 

heating periods.

20

Daimler-Chrysler Building, 
Potsdamer Platz, Berlin, 
Hans Kollhoff, 1999
The high-rise Daimler-Chrysler 
building at the Potsdamer Platz 
in Berlin is equipped with box 
windows.

21

Daimler-Chrysler Building, 
Berlin
The exterior windows of a box-
window façade are used to adapt to 
the climate. In order to do so, they 
can be moved vertically by opening 
or closing a ventilation gap in the 
upper area. This mechanism offers 
improved thermal buffering during 
winter and better ventilation during 
summer.

Box-window façade
The box-window façade is based on the principle of the box win-

dow but consists of storey-high façade elements (19). The inte-

rior windows can be opened for ventilation into the gap between 

the two façade layers. The exterior façade comprises openings 

for supply and exhaust air. Horizontal as well as vertical separa-

tion from adjacent elements ensures optimum sound insulation 

not only from the outside but from neighbouring offi ces as well. 

Unpleasant odour and fl ashover can be prevented rather easily if 

the compartmentalisation is designed correctly. Thermal shorts, 

meaning exhaust air from a lower element fl owing into an ele-

ment above, can be avoided by offsetting the supply and exhaust 

openings from storey to storey.  

19

Box-window façade 
The box-window façade is derived from the box win-
dow principle. Horizontal as well as vertical separa-
tion makes the box-window façade especially suitable 
for sound insulation, not only from the outside but 
from neighbouring offi ces as well.  
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Due to the uncluttered fl ow diagram of the shafts, fewer openings 

are needed in the exterior façade, resulting in a lower demand for 

sound insulation.

Since the stack effect increases with increasing height, the 

total height should be limited.

This type of façade is suitable for lower rise buildings. The 

Photonics Centre in Berlin-Adlershof (23), planned by Sauer-

bruch Hutton Architects, is an example for this façade type. The 

storey-high shafts are formed by the loadbearing structure. The 

exhaust air travels upwards through the shafts and exits at the 

top of the building through ventilation louvres. A shaft-box façade 

was used for the ARAG Tower in Düsseldorf (24, 25), designed 

by RKW Architektur + Städtebau in cooperation with Foster and 

Partners. This façade comprises four stacks of seven storeys 

each, therefore reducing the total length of the shaft to a quarter 

in order to keep the stack effect at a low level.

23

Photonics Centre, Berlin-Adlershof, 
Sauerbruch Hutton Architects, 1998
The ventilation shafts are vented through ventilation louvres at the head of 
the façade. The image clearly shows the openings in the concrete columns, 
through which the air circulates, as well as the interior sun protection and 
the interior façade.

Shaft-box façade
Shaft-box façades are derived from the same construction prin-

ciple of the box-window façade (22). Box windows and shaft 

elements alternate, and the shaft elements extend across several 

storeys. The vertical shafts are connected to the box windows 

via overfl ow openings storey by storey. Due to a stack effect, the 

warm air fl ows from the façade gap through openings at the head 

of the element through the shaft to the outside. The exhaust air 

can be extracted from the façade gap mechanically. However, 

the required fan performance would be very high, which usually 

renders this method uneconomical. During winter, low ventilation 

increases the buffer effect but this can result in condensation 

forming on the interior side of the outer glass pane when the 

interior façade is open.  

22

Shaft-box façade
Shaft-box façades comprise box window elements 
and exhaust shafts arranged in alternating sequence 
within the façade layout. The stack effect inside the 
shafts causes the exhaust air to be drawn out of the 
box windows naturally and then exhausted through 
the roof. 
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Corridor façade
Corridor façades manage the airfl ow storey by storey (26). In 

some cases vertical dividers are added for fi re or sound protec-

tion because sound propagation to neighbouring rooms can oc-

cur through the gap between the interior and the exterior facade 

layer.

Air inlets are located near the fl oor and the ceiling. They are 

arranged at an offset to avoid thermal shorts by exhaust air mix-

ing with fresh air. Separating the individual storeys from each 

other effectively prevents overheating that can occur at upper-

level storeys when the air is led across several storeys. This cor-

ridor is accessible and is typically designed to be wide enough 

to be used as a service platform. The space between the façades 

is ventilated through openings at ceiling level. The airfl ow can be 

regulated by motorised fl aps.

The Stadttor Building in Düsseldorf (27-29) is one example 

where the corridor façade comprises a gap of up to 1.40 m 

(1.53 yd).  

26

Corridor façade 
In corridor façades the air fl ows within the space 
between the exterior and interior façades across one 
storey. Air in- and outlets are arranged at an offset 
at ceiling level to avoid thermal shorts by exhaust air 
mixing with fresh air.

24

ARAG Tower, Düsseldorf, RKW Architektur 
+ Städtebau with Foster and Partners, 2000
This shaft-box façade comprises four stacks of 
seven storeys each. Dividing the exhaust system 
into four sections limits the air fl ow within the 
exhaust shafts.

25

ARAG Tower, Düsseldorf
The continuous vertical exhaust shafts can be 
identifi ed by the light refl ections. Two box win-
dow elements followed by one shaft are arranged 
in sequence. 
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29

Stadttor Building, Düsseldorf
The broad accessible space between the façade layers, the 
ventilation slots at ceiling level and the interior façade are 
clearly visible.

28

Stadttor Building, Düsseldorf
Close-up shot of the intake flap in the space between the 
façade layers. The image shows the ventilation grid behind the 
exterior façade through which fresh air enters the space.

27

Stadttor Building, Düsseldorf,  
Petzinka Pink und Partner, 1998
The image clearly shows the ventilation louvres at ceiling level, 
the deep gap between the two façade layers and the interior 
sun protection of this corridor façade.
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31

Prisma Building, Frankfurt, Auer + Weber + Partner, 2001
This double façade serves as an exhaust façade during summer and pro-
vides fresh air supply in winter. 

In traditional high-rise constructions, second-skin façades are 

used as buffer façades with a small gap spacing, and as large 

environmental envelopes discreet from the enclosed buildings. 

The façade gap can vary in depth up to its complete disintegra-

tion, which then results in a space-forming exterior envelope. 

During winter, when ventilation is low, the buffer effect increas-

es; however, the risk of condensation forming on the inside of 

the exterior façade increases in equal measure. The air quality 

decreases because fresh and exhaust air mix within the space 

between the façade layers. To avoid these problems, the double 

façade can be used as a supply air façade in winter and as an ex-

haust air façade in summer. This concept was realised in the Pris-

ma Building in Frankfurt by Auer + Weber + Partner (31, 32). 

 

Second-skin façade
Second-skin or multi-storey façades do not compartmentalise the 

space between the façade layers. Instead, the exterior façade 

contains a layer of air that envelops the entire building as a buffer 

in front of the interior façade (30). The rooms are often ventilated 

mechanically. The space between the façades can serve as a 

supply or exhaust air system.

The exterior façade is ventilated through openings at fl oor and 

ceiling level. The vents can be closed during winter to make use 

of the greenhouse effect and to increase the thermal protection. 

In summer, the façade fl aps can be opened to prevent overheat-

ing. The limited number of ventilation openings ensures good 

sound insulation from the outside but, within the façade, entails 

the risk of sound propagation from room to room. Fire protec-

tion is another critical issue because, in case of fi re, the smoke 

spreads quickly throughout the space between the façade lay-

ers. 

30

Second-skin façade
With a second-skin façade the interior façade is 
enveloped by an unrestricted glass layer around 
the entire building. Good sound insulation against 
exterior noise sources can be obtained because the 
in- and outlet openings are located only at fl oor and 
ceiling level.
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Another example worth mentioning is the Double-XX Office 

Building by Bothe Richter Teherani (34) in Hamburg. Here the 

building is set far inside the exterior façade, resulting in large 

atria that form green open spaces in the floor plan. 

The Academy Mont Cenis in Herne by Jourda & Perraudin 

(33) is based on the ‘house within a house’ principle, which sets 

several buildings within one large glass envelope. The large vol-

ume enclosing the buildings is supposed to provide a moderate 

environment throughout the year. 

 

34

Double-XX Office Building, Hamburg, Bothe Richter Teherani, 1999
The second-skin façade encloses the entire building. Where the interior 
façade separates from the exterior façade due to the geometry of the floor 
plan, spaces are created that range from small gaps between the two 
façades to large atria. 

33

Academy Mont Cenis, Herne, Jourda & Perraudin, 1999
The academy for continuing education is enclosed by a large glass envelope 
that functions as a buffer zone for the buildings within. Due to its large vol-
ume, the indoor environment can be adjusted uniformly throughout the year. 

32

Prisma Building, Frankfurt
The space between the two façade layers is acces-
sible; the façade flaps with operating hinges to open 
the façade are visible.
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Alternating façade
Double façades have been built in great numbers; many are 

documented and have been presented as technical innovations. 

Today we know their potential but also of the problems related to 

specific locations or types of use. 

As a further development, double façades were combined 

with single skin façades to create so-called alternating façades 

(35). By combining these two known construction and functional 

principles, it is possible to achieve compliance with the given 

requirements. Sometimes alternating façades are called hybrid 

façades; the word hybrid (Greek = coming from two directions) 

describes its technological origins. 

Because the double and single façade areas alternate (36), in 

winter, warm air can be drawn from the façade gap of the double 

façade to supply adjacent offices with fresh pre-heated air, thus 

reducing the energy demand for ventilation. In summer, the sin-

gle façades provide natural ventilation when very warm air from 

the double façade sections can cause problems. The space in 

between the layers of a double façade can be ventilated by open-

ing ventilation flaps so that adjacent rooms are not overheated. 

Alternating façades can be realised as storey-high façades as 

well as in-line or fenestrated façades.

Integrated façade
Considering the technological development of the façade, which 

has always been equipped with heating elements in the interior 

space, and the technological advancements of progressively 

smaller decentralised air-conditioning and ventilation units, it 

seems reasonable to integrate these components into a façade 

module. From the construction point of view it is advantageous 

to integrate as many components into the façade as possible. 

The industrial manufacturing process of façade modules makes 

it possible to integrate more components with high accuracy; 

they are then mounted on the shell of the building as unit system 

façades in the proprietary manner. This method reduces the time 

needed to assemble building services components in the shell 

of the building. 

Today, functions such as heating, cooling, ventilation as well as 

light-directing, shading, integration of artificial lighting and even 

energy generation with solar panels can all be realised in inte-

grated façades (38). These functions can be combined on the 

basis of a modular design principle, giving consultants the option 

to design the façade according to discreet requirements.

35

Alternating façade 
The alternating façade combines a double façade 
with a single skin façade. In summer, the single skin 
façade sections provide cooling to counteract pos-
sible overheating caused by the double façade. In 
winter, pre-heated air can be drawn from the space 
between the layers of the double façade which 
reduces the energy demand for heating.

36

Debitel Headquarters, Stuttgart,  
RKW Architektur + Städtebau, 2002
A weather guard grid is mounted in front of the 
single skin areas of this alternating façade, allow-
ing the windows to remain open unmonitored for 
night-time cooling. The glazed areas in the photo 
are double façade sections. 
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When examining the different types of adaptive façades that 

include increasingly specialised functions and components, it 

becomes apparent that façades are becoming more and more 

complex. Whereas during the initial development stages many 

physical innovations such as natural ventilation in double façades 

were realised, latest enhancements show a significant increase in 

building services-related components.  

On the one hand, the large number of decentralised air-condi-

tioning units raises the maintenance requirements and increases 

the complexity of environmental control engineering. On the other 

hand, cost savings are achieved with regards to the central en-

vironmental control units, shafts and ducting as well as lower 

storey heights because horizontal air flow is typically not required. 

Individually-adjustable room environment and air quality present 

additional benefits because they increase the comfort level. 

The façade of the Capricorn House in the Medienhafen Düs-

seldorf by Gatermann + Schossig (37) is a good example of this 

façade principle. The façade integrates decentralised air-condi-

tioning units within enclosed façade sections that provide cooling, 

heating, ventilation and air-conditioning. The units also comprise 

heat recovery systems that extract the energy from the warm ex-

haust air and use it to pre-heat the fresh air supply. Furthermore, 

daylight-directing louvres are installed in the fan light area to in-

crease the daylight in the room. Light fixtures are installed in the 

façade elements, providing direct and indirect lighting.

38

Integrated façade 
An integrated façade comprises numerous build-
ing services elements. The building process can 
be shortened because additional components 
can be integrated into the façade elements dur-
ing the industrial manufacturing process.

37

Capricorn House, Düsseldorf, Gatermann + Schossig, 2006
The integrated façade of the Capricorn House comprises integrated 
air-conditioning units behind the opaque areas of the façade, allowing for 
individual adjustment of the room environment.
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7 | Case Studies  

Unit system façade 

Project | Debitel Headquarters

Location | Stuttgart

Completion | 2004

Client | Step GmbH Stuttgart

Architect | RKW Architektur + Städtebau

Structural engineering | Weischede Herman und Partner

Building services | Transsolar + Schmidt Reuter 

Partner Ingenieurgesellschaft

Façade planning | Emmer Pfenninger Partner AG

Façade contractor  | Haskamp Metall- und Elementbau

Conception
The headquarters of the telecommunications company Debitel 

comprises a high-rise building and four oblong low-rise build-

ings that are connected with the high-rise through a 100 m (110 

yd) long glass corridor. The entire complex is grouped around a 

central plaza which forms the centre of the development. Under-

ground car parks as well as a data processing centre are located 

underneath the complex (1).

The 16-storey high-rise building is equipped with two stair-

cases and one lift tower located on the outside of the structure. 

In addition, there is a solar chimney attached to the high-rise 

 building facing the central plaza. Besides its technical functional-

ity, it serves as a landmark. The solar chimney divides the entire 

complex into several buildings, breaks apart the massive structure 

and provides a vertical element.

One significant part of the architectural conception was to in-

tegrate building services into the design: the solar chimney is a 

visible indication of this approach. Due to its thermal characteris-

tics the chimney generates sufficient pull to naturally exhaust the 

used air from the high-rise building. Fresh air is supplied either 

centrally or individually through openable elements in the façade. 

This allows the user to regulate the fresh air supply to his or her 

own comfort level in spite of the height of the structure. 

 

1

Building complex
Entire complex including plaza, high-rise, glass corridor and oblong low-rise 
buildings.
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The central façade detail of the high-rise building consists of a 

unit system façade comprising of alternating box windows and 

ventilation wings with fixed sun protection (3). The frame is made 

from thermally disjointed aluminium sections that contain the indi-

vidual functional layers. At ceiling level the sun protection housing 

and the mounting fixtures are hidden behind a moulding.

The exploded isometric view shows the external single glaz-

ing, the sun protection in the gap and the aluminium frame bear-

ing the functional elements. On the internal side, the opening 

flaps are visible next to the fixed sun protection as well as the 

casements of the box windows used only for cleaning purpos-

es. Above these, the mounting fixtures in the header area of the 

façade elements are shown. They are attached to the concrete 

slab of the building structure and hidden by the false floor.

Façade
The façade of this building is an alternating façade. Traditional 

box window façade sections with internal double glazing and 

external single glazing make up this façade (2). Venetian blinds 

located between the glass panes serve as sun protection. The 

other part of the façade consists of fixed external sun protection 

and an internal ventilation flap. This ensures protection from in-

cident sunlight and eliminates the risk of falling. 

From a structural point of view, this façade was designed as a 

unit system façade with elements that are one modular segment 

wide and one storey high to allow for fast and easy assembly 

without the need for scaffolding. The large areas of the building 

components that are detached from the main building structure 

are covered with thermal insulation and cladded with small pan-

els of natural stone. 

 

2

High-rise building structure
The building structure is broken up by the arrangement of 
functional elements like staircase, lift and office façade. 

3

Office façade of the high-rise building
The storey-high structural element of the office façade comprising either box 
windows or, where designed as an alternating façade, one box window and 
a ventilation flap with fixed sun protection. 
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The detailed view of the joints between the elements show the ar-

rangement as well as the composition of the layers (4-6). Starting 

from the exterior, the element is built up as follows: Single glazing 

with laminated safety glass for safety protection, inserted within 

the main loadbearing section. It is connected to the adjacent ele-

ments with three continuous rubber profiles. Plastic spacers car-

rying the inner frame provide thermal separation from the internal 

space. The window casement frames the internal double glazing 

and is also thermally detached. 

The space within the box window is therefore located outside 

of the thermal envelope, and this prevents the sun protection from 

sustaining wind loads. The window casement is sealed with three 

sealing lips. The elements are also sealed from one another by 

three sealing layers, whereby the two outer layers provide resist-

ance to rain penetration and the inner layer protects against wind 

loads (7-9). 

 

5

Isometric view of the façade elements
Two façade elements with box window segments 
and partial segments with opening flaps and fixed 
sun protection.

6

Exploded isometric view  
of one façade element
This isometric view gives a clear depiction of the 
individual façade layers: double glazing units on 
the internal side, then sun protection within the 
box window, followed by single glazing and fixed 
sun protection on the external. 

4

Entrance area of the façade
Partial view of the façade with plinth and suspended 
post-and-beam façade. The canopy roof is not at-
tached to the building.
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7

Detail of elemental joint
Isometric view of elemental joint detail: internal 
opening fl ap, space within box window and exter-
nal single glazing. 

9

Exploded isometric view of elemental joint
Geometric illustration of the elemental joint showing the external single 
glazing, the loadbearing aluminium section as well as the thermal separation 
layer, and the internal casement. 

8

Corner junction of the façade
Since the external façade grid runs continuously without skips, the box 
window area of the internal façade has to accommodate a change in the 
grid pattern.
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Solid concrete façade

Project | Zollverein School of Management and Design

Location | Essen, Germany 

Completion | 2006

Client | Entwicklungsgesellschaft Zollverein Essen

Architect | SANAA, Tokyo, with Heinrich Böll, Essen

Structural engineering | Bollinger + Grohmann 

Ingenieure, Frankfurt

Building services | Transsolar, Stuttgart  

Contractor | Schäfer Bauten, Ibbenbüren

Conception
To revitalise a closed-down colliery site, the new building for the 

School of Management and Design was developed at the location 

that Koolhaas had identified as an attractor in his master plan. The 

architects designed a seamless concrete cube (1) with an edge 

length of 34 m (37 yd). The building’s surface area is perforated 

by approximately 150 windows to mitigate the monumental ap-

pearance. On the interior, the structure is divided into an entrance 

level with auditorium and a subjacent service level. The first floor 

with a ceiling height of approx. 10 m (11 yd) houses conference 

rooms. More conference rooms, administration offices as well as 

a roof garden are located on the three levels above. 

Following comprehensive preliminary research, the solution 

proposed comprises a massive concrete shell which is not ther-

mally detached. This was only possible because mine water from 

the closed colliery with a temperature of approximately 30°C 

(86°F) is available to heat the entire building. Due to this ‘active’ 

thermal insulation, which during winter heats the building through 

its shell, there was no need for a multi-layered shell structure with 

traditional thermal insulation. 

The building impresses with its monumental size and massive-

ness, the sacral appearance of the interior spaces as well as with 

its straightforward technical realisation – even though this could 

only be accomplished due to the availability of the warm mine 

water. 

1

Zollverein School of Management  
and Design
Overall view of the structure with its freely 
distributed windows that provide no indication of 
the actual arrangement of the storeys within the 
building.
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The basic principle of the façade comprises of a single-leaf fair- 

faced concrete wall with embedded looped warm water pipes. 

These pipes are 2 cm (0.8 in) in diameter and are spaced at in-

tervals of 20-40 cm (8-16 in). They are filled with the warm mine 

water which serves as ‘active’ heat insulation during winter (5, 6). 

Thus, neither core insulation nor any other double-leaf structure 

is necessary. In addition to increased wall thickness alternative 

solutions would have required expansion joints in the outer shell 

to accommodate for thermal expansion. 

The concrete shell itself is reinforced on two levels to absorb 

the stresses from the building and thermal expansion. 

Façade
The ‘active’ thermal insulation concept allows for a construc-

tion method using concrete which is typically limited to more 

moderate climates: the inner and outer shell of the building is 

constructed from single-leaf concrete walls (2, 3) approx. 30 cm 

(12 in) thick. Within this concrete shell, looped heating ducts are 

embedded that are filled with warm mine water which regulate 

the indoor temperature as well as prevent frost on the exterior. 

The irregularly placed windows were positioned according to 

the requirements of the indoor functions and mounted on the in-

ner side of the concrete shell. Recesses are made in the surface 

to accommodate the aluminium frames. Rainwater is drained off 

on the interior side of the wall and the warm wall temperature 

prevents frost. 

The quality of the fair-faced concrete surfaces reveals signifi-

cant effort in terms of design and coordination as well as high-

quality construction. 

 

2

Façade detail
Impressive quality of the fair-faced concrete sur-
faces in interplay with freely positioned windows.

3

Interior space in the conference area
Interior space on the conference level with a 
ceiling height of approx. 10 m (11 yd). Since all 
wall and ceiling surfaces are made of cast in situ 
concrete, they are reverberant (sound-reflecting). 
Therefore large curtains serve not only to black-
out the room but also as sound absorbers.
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The detailed view of one of the windows shows the structural 

realisation of the minimised connections: the 30 cm (12 in) thick 

concrete shell not only contains the looped heating ducts but also 

the drainage system for the window sills (4). The drainage system 

was not designed in the conventional manner with sheet metal 

protruding on the outside; instead, an internal drainage system 

was installed (7, 8). Since the façade is warm even in winter, there 

is no risk of freezing. There are no window drips either: water 

stains must be accepted as part of the building’s patina.

The aluminium windows are embedded within recesses in the 

concrete (9, 10). They consist of aluminium sections that hold the 

glass panes on the external side. The glass panes can only be 

replaced by removing the entire window. 

4

Façade detail
Detailed view of the fair-faced concrete façade with window openings, 
aluminium frames and fi xed glazing. The joints of the fair-faced concrete run 
continuously; the windows are freely positioned.  

6

Isometric view of the façade layers
Looped heating ducts were embedded in the 
concrete façade. They are fi lled with warm mine 
water to heat the façade. The aluminium frame 
with fi xed glazing is located on the internal side.

5

Isometric view of the façade
‘Active’ thermal insulation allowed for the fair-
faced concrete façade to be constructed as a 
single-leaf wall. The window frames are embed-
ded into recesses in the concrete.

C A S E  S T U D I E S



109

8

Exploded isometric view of the window
The exploded sketch shows the drainage system 
inside the concrete shell and the slope of the 
window sill, as well as the construction of the 
window.

7

Construction of the window reveal 
with drainage
This detail allowed for a solution without a traditional 
window sill. The drainage system runs within the con-
crete shell and the horizontal surface of the concrete 
slopes down towards the inside.

9

Internal view of the window
Internal view of the window with aluminium frame embedded in the concrete 
shell. The fi xed glazing was inserted into the frame, which was then mounted 
on the façade.

10

Isometric view of window detail
The detailed view shows how the windows are 
inserted into the recesses of the concrete shell. 
Here, the traditional moulding that usually holds 
the window from the inside is mounted on the 
outside. The window cannot be opened.
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Free-form metal façade
 

Project | Guggenheim Museum

Location | Bilbao, Spain

Completion | 1997

Client | Solomon R. Guggenheim Foundation/

Fundación del Museo Guggenheim Bilbao

Architect | Frank O. Gehry 

Structural engineering | Skidmore, Owings and Merrill

Building services | Cosentini Associates

Façade | Construccones y Promociones Balzola

Contractor | Permasteelisa

Conception
The Guggenheim Museum is situated on a former warehouse site 

close to the Nervion River, a prominent location for this museum 

of modern art (1). The free-form structure consists of limestone, 

titanium and glass and is accessible through a plaza facing the 

city (2). The entrance area leads to a central hall at the heart 

of the building, from which the individual exhibition rooms with 

their different volumes and lighting branch off. The volume of the 

exhibition rooms follows the geometry of the outer appearance 

of the building.

Gehry’s free architectural language is spectacular: it is meant 

to correspond in scale and texture with the industrial seaport of 

Bilbao (3). Working models were generated from sketches, which 

were then translated into digital models using a 3D scanner. Fur-

ther development was done with CAD programmes used in the 

aviation industry. 

Due to its prominence, the building caused a boom for Bilbao, 

the so-called ‘Bilbao effect’. 

 

1

Guggenheim Museum
The Guggenheim Museum is located next to the Nervion River and is  
embedded into an infrastructure of connecting roads and developments.  
It opens up toward the river with a wide bridge and its own body of water.  

2

Detail of the structure
The museum’s free-form body comprises a central 
structure that branches off into different building 
volumes. 
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The internal layer consists of a free-form sectional beam layer 

that is mounted on the loadbearing structure and is covered with 

gypsum plasterboards. 

The functional layer, including the loadbearing structure on 

the building’s I-shaped and circular sections, varies in thickness 

depending on the requirements by the loadbearing structure or 

the geometry of the building. The loadbearing structure itself is 

enveloped by a hull to provide fire protection. 

The external layer of the building comprises a substructure, 

which exactly follows the free-form of the exterior envelope. This 

substructure was clad with scale-shaped titanium or natural stone 

sheets. This layer also comprises the thermal insulation. 

 

Façade 
The uninterrupted façades consist of a loadbearing steel con-

struction, which divides the free geometric shape into segmented 

geometric surfaces (4). Both the internal and the external façades 

are mounted to this structure in an ultimately free-form. By dividing 

the façade into an inner layer, a functional loadbearing layer, and 

an exterior sealing layer, the complex loadbearing structure could 

be hidden inside the façade, maintaining a pure outer shape (5).

3

Complex geometry
The free-form façade planes and the transparent 
façades within show the geometric complexity of 
this building.

4

Façade materials
The façades of the rising and free-form exhibition 
hall are made of titanium; the plinth units were 
clad with limestone.

5

Façade structure
The structure next to the museum, erected as a 
landmark for the city, shows the method of con-
struction used for the façade. It consists of the 
main loadbearing structure, the façade substruc-
ture and the cladding.  
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The free-form metal façade comprises the three layers described 

above – whereby the internal and external layers follow the geo-

metric shape. However, the internal layer is based on a simplified 

geometry to accommodate the loadbearing structure. The load-

bearing structure consists of I-sections that are interconnected 

with horizontal and diagonal flat steel mountings (6, 8). The sub-

structure is made of circular sections and is attached with alu-

minium C-sections that are mounted to the loadbearing structure 

with spacing rods (7, 9). The inner geometry is ultimately finished 

with a layer of panelled gypsum plasterboards. 

 

8

Structure of the façade
Detailed view of the internal loadbearing structure 
with attached secondary beams, forming the sub-
structure for the façade cladding. This component 
does not have an internal envelope.  

6

Isometric view of the metal façade
Isometric view of the metal façade showing the 
layer composition: internal layer on separate sub-
structure, loadbearing layer made of I-sections 
and external layer with metal cladding and C-
section substructure.

7

Exploded isometric view  
of the metal façade
This view shows how the substructure is 
mounted onto the internal loadbearing structure 
with spacing rods and connectors. 

9

Faceted sheet-metal façade
The faceted construction of the sheet-metal façade 
allows for a free-form shape by using small sheet 
metal panels instead of segmenting the façade into 
large and/or triangular panels. 
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The transparent façade is based on a post-and-beam structure, 

which holds the glass panes with a coverstrip (10, 12). This 

structure is mounted on an interior loadbearing steel-section 

substructure which transfers the loads onto the overall system 

(13). In those areas where the geometry could not be segmented 

into rectangular and even planes, the glass panes were placed 

diagonally without attaching the coverstrip (11).

12

Detail of the transparent façade
Internal view of an internal façade corner: the 
post-and-beam façade is mounted onto a sepa-
rate loadbearing steel structure. The drainage 
system can be seen at the lower area.

13

External view of the transparent façade
The segmentation of the glass panes was neces-
sary to maintain the geometric shape. So as not 
to disrupt the façade structure from a design 
point of view, these panes are only supported 
on the internal side.

10

Isometric detail of the transparent façade
The isometric view shows the confi guration of 
the post-and-beam structure of the façade with 
internal posts and coverstrips. The diagonal glass 
panes are only supported on the internal side.

11

Exploded isometric view of a façade detail
This segmentation of the detail shows the indi-
vidual façade components, with coverstrips on 
the outside and posts and beams on the inside.

C A S E  S T U D I E S



114

Timber-frame structure with multiple cladding

Project | Hageneiland Housing 

Location | Ypenburg, The Netherlands

Completion | 2001 

Architect | MVRDV

Structural engineering | ABT

Construction | Office for Architectual Engineering 

Contractor | Balaast Nedam

Conception
This design presents an ironic break from tradition – from the 

common detached house based on a typical building shape, 

but with unusual façade and roof surfaces that cover the entire 

house. Thus, ‘wrapped’ buildings of similar structure compris-

ing surfaces exclusively made of sheet metal, roof tiles, wooden 

shingles or even plastic material are created (1). The specific 

materials were chosen to evoke different base colours and to 

enhance the costume effect of the buildings. Each two-family 

house incorporates a garden as well as a storage area designed 

as a greenhouse (2).

The small settlement was developed in an area close to The 

Hague. Individuality is maintained despite adopting a single 

building type by employing and mixing a multitude of materials. A 

sense of uniqueness is created by playing with spatial stagger-

ing and visual relationships. 

 

Façade
The façades of these two-family homes are made of aluminium 

sheet metal, roof tiles, fibre-cement panels, wooden shingles and 

blue and green plastic panels. All material variations conform as 

rear-ventilated cladding mounted to a timber-frame wall. The ther-

mal insulation of the structure lies within the timber-frame wall.

Standardised window and door elements as well as skylights 

were designed as built-in elements. The dimensions of these 

built-in elements were coordinated with the façade materials 

such that these can be used as complete modular units without 

having to cut-to-size. The only exception would be the skylight 

areas, which feature small gutters to provide drainage. 

 

 

1

Ensemble of different houses
Each residential house is entirely clad with a different material to achieve a 
sense of individuality.

2

Façade materials
Aluminium sheet metal, wooden shingles, roof tiles as well as fibre-cement 
and plastic panels make up the overall appearance of the settlement.  
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Fibre-cement panel cladding
The fibre-cement cladding consists of corrugated panels 

mounted on a substructure with overlapping vertical lathing and 

horizontal counter-lathing (3). The eaves areas are made of pre-

formed parts, which allowed for a simple structural solution since 

the overlapping parts are located adjacent to each other, not 

at the corners (4). Like all façades in the settlement, the fibre-

cement façade is rear-ventilated – the ventilation openings are 

visible in the ridge area (5, 6).

3

Cladding made of fibre-cement panels 
Structure with rear-ventilated cladding made of corrugated fibre-cement 
panels. The joints overlap.

4

Corner solution for fibre-cement panels
Customised elements are used for the corner sections to avoid cutting 
of the corner panels. The resulting shape supports the overall image of a 
‘wrapped’ building.

5

Isometric view of the façade 
with fibre-cement panels
This view shows the structural com-
position of the façade: timber-frame 
wall with thermal insulation, vertical 
lathing and horizontal counter-
lathing as well as vertically arranged 
fibre-cement panels as cladding.

6

Exploded isometric view  
of fibre-cement panels
This exploded isometric view shows 
that the overlapping arrangement of 
the lathing and counter-lathing ena-
bles rear-ventilation of the façade.
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Aluminium sheet metal cladding
The aluminium sheet metal façade cladding is mounted to a 

lathing, which provides rear ventilation (7). Since this material 

is available in large lengths, there is no need for vertical joints 

– only the eaves area requires soldered joints (8). Horizontally 

they are joined at the rebate, which is shaped to overlap with the 

adjacent panel (9, 10).

7

Aluminium-clad two-family houses
Two aluminium-clad houses exemplify the idea of exchangeability of the clad-
ding material. The exhaust pipes on the roofs exhaust the air from sanitary 
and kitchen facilities.

8

Corner solution for sheet metal cladding
The corner of the sheet metal cladding is formed with a soldered joint. 

9

Isometric view of the  
aluminium sheet metal detail
The aluminium sheet metal cladding 
is mounted to a lathing of vertical 
members and spacers. 

10

Exploded isometric view of the 
aluminium sheet metal detail
The exploded view of the detail shows 
the lathing and the spacers, which clip 
and thus hold the aluminium sheet metal 
panels. 
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Polyurethane panel cladding
Polyurethane panels are not typically used as façade material. 

Here blue and green panels are used, as such colours not pos-

sible with conventional cladding material (11). The façade com-

prises staggered horizontal polyurethane panels that are jointed 

with permanent elastic sealant (12). The substructure of lathing 

and counter-lathing as well as the ventilation elements in the roof 

area provide for rear-ventilation (13, 14).  

11

Polyurethane cladding
The blue version of the polyurethane cladding clearly articulates the idea of 
a building’s costume through the use of a very unusual colour.

12

Corner detail of the polyurethane cladding
The corner detail shows the solution chosen for jointing the panels – they 
don’t overlap, but are jointed along all sides with permanent elastic sealant 
to maintain the box-like appearance of the building. 

13

Isometric view of the  
polyurethane cladding
This cladding is also mounted onto 
a sub-structure made of lathing and 
counter-lathing. The façade and 
the roof comprise ventilation slots 
with embedded elements for rain 
protection.  

14

Exploded isometric view  
of the polyurethane cladding
This detailed view shows the sub-
structure of the façade and the 
panel. A coloured rain shield in the 
façade serves as an exhaust outlet 
to ventilate the façade spacing. 
In the roof, the same shields are 
inserted as horizontal extrusions, 
because they would not provide 
protection from rain if they followed 
the roof’s sloped plane. 
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Wood shingle cladding
The wood shingle cladding is mounted onto a substructure on 

the half-timbered wall, and consists of overlapping and stag-

gered shingles (15). This solution includes an internal drain age 

channel in the roof area to protect the corner joint from rain water  

running down the roof, without the need for a conspicuous drip 

edge (16 –19).  

15

Wood shingle cladding
The cladding comprises rear-ventilated, staggered wood shingles.

17

Corner area of the wood shingle cladding
The internal drainage channel is visible as well as the short roof overhang, 
which causes discolouration of the wood in the area where the rain water 
drips.

18

Window joint
Detailed view of the window joint with sash windows 
and flashings inserted in the woodshingle cladding.

16

Isometric view of the wooden 
cladden
The wooden cladding is made of  
staggered, overlapping shingles. 

19

Exploded isometric view  
of the wood shingle cladding
The exploded view clearly shows the shingles over-
lapping each other to conceal the nails and joints.
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Roof tile cladding
The cladding of the entire structure with roof tiles also includes 

a rear-ventilated substructure of lathing and counter-lathing (20). 

Pre-formed parts are again used for the corner joints (22). They 

are employed at all corner and edge areas to eliminate the need 

for cut-to-size tiles (23). Correspondingly, the details have to be 

precise (21, 24).

20

Tile cladding
The tile cladding creates a contrast to the other materials used.

22

Corner solution for tile cladding
Customised pre-formed parts provide the solution for the corner and eaves 
joints; however, this structure requires many customised pre-formed parts. 

23

Window joint
The window joint displays the issues with customised 
pre-formed parts: a pre-manufactured joint is nearly 
impossible to accomplish; the joint therefore needs to 
be worked in situ. 

21

Isometric view of the tile cladding
The isometric view of the tile cladding 
shows the rear ventilation method on 
the façade substructure. Clamps are 
typically used to prevent the tiles from 
lifting off or becoming unhinged.  

24

Exploded isometric view of the tile cladding
The detailed drawing depicts the individual layers 
of the structure – the timber-frame wall, the sub-
structure with vertical lathing and horizontal counter-
lathing, as well as the clamped roof tiles.
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8 | A Look Into the Future 

The forces driving new developments
Energy considerations constitute the main driving force behind 

new developments in the façade industry: the necessity of en-

ergy savings, insulation against heat and cold, energy storage 

measures as well as the alternatives for energy generation have 

to be explored (1). The same applies to the considerations for 

the embodied energy in the production of the façade source ma-

terials as well as related semi-finished and finished products. 

Add to that the final criterion of focussing on recycling used ma-

terials and feeding them back into the manufacturing process.

Architects continue to look for new ways to express their ideas. 

Three-dimensional computer modelling has opened up the pos-

sibility of free-form shapes in the design repertoire for architects; 

however, this entails the search for suitable construction and 

manufacturing methods (2). Often it is the architectural vision 

which, even though not yet realisable, drives new technological 

developments.

1

North and south façade Academia Brasileira de Letras,  
Rio de Janeiro, Le Corbusier and Oscar Niemeyer, 1943  
North and south façade of the former Ministry of Education with varying sun 
protection systems to prevent thermal energy caused by incident sunlight 
from entering the building on the north side. 

2

Genzyme Center, Cambridge, Massachusetts,  
Behnisch Architekten, 2003
Daylight is directed into the building via heliostats on the glass roof.
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Technology transfer
Technology transfer happens in much the same manner. Related 

industrial fields such as the automotive and aviation industries, 

industrial design and material science provide almost endless 

potential (5). However, not all are suited for use in façade tech-

nology. Deciding factors for translating a technology’s use into a 

different field are cost of building components or surface coat-

ing materials, production capacity or the suitability for industrial 

manufacturing of potential components. Technology transfer can 

occur on several levels: at the level of design and coordination 

processes, the level of assembly and finally at the level of the 

communication processes. It is always possible for technology 

transfer to take place, but certain transfer processes have to be 

applied in order to achieve an optimum effect for the building 

envelope.  

nano coatings 
Nano coatings are mostly known for their use on plastic eye-

glasses, whereby a ceramic surface finishing protects the glass 

from scratching. On the same logic, the idea of a protective layer 

based on nano-crystalline structures could lead to the economic 

use of plastic glass materials in architecture. Specifically for mul-

ti-curved lenses – which are very expensive to produce – the use 

of plastic could be much cheaper. It is a lot easier to thermally 

change the form of plastic glass; thus, as soon as it can be per-

manently sealed against environmental influences and external 

damage with a transparent protective coating, its use allows for 

great freedom in terms of architectural form and design.  

Adhesive materials technology 
Progressively, new developments occur in the technological field 

of adhesive materials. For example, in today’s automotive manu-

facturing processes, many parts are no longer welded together 

but joined with adhesive. To improve the recycling process, new 

materials are being developed that allow for separation of the 

individual components under certain conditions. There are glued 

joints that can be separated in a 42° C (107.6° F) warm water 

bath by introducing electric current pulses. If only one pulse is 

applied to the adhesive, its gluing force remains intact. If we 

consider this technology for architectural use, glued joints could 

be used at the construction site to simplify the work. Imperfect 

joints between building components, caused by bad weather 

conditions for example, could be separated, adjusted and re-

jointed.

Materials and technology
We currently experience a boom of new materials used in the 

architectural world as documented by various publications. For 

the main part, this trend is attributed to new design options (3), 

but the search for new or more functionalities also drives the 

progress of development. We need to differentiate between en-

tirely new materials (4) and pre-existing materials that find a new 

use in the building industry. Using a material for a new purpose 

is called material transfer, and we can expect several such trans-

fers taking place in the future. 

3

Allianz Arena, Munich, Herzog & de Meuron, 2005
The façade cladding consists of large pneumatic cushions made of ETFE 
plastic foils.

4

Collection of materials
Many new materials are available on the market. Their use in the façade 
industry is being researched.
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Specifically the field of adhesives technology provides ample 

space for improvement where the building industry is concerned. 

Whereas consistent quality of screwed joints can be achieved by 

measuring the torque, glued joints can only be inspected visu-

ally. Adhesive materials that change colour when reaching the 

desired gluing force – therefore indicating the firmness of the 

joint – or adhesive materials for glass that change colour when 

the material is under too much tension, indicating potential risks 

before the damage occurs, would be very beneficial. Consider-

ing the refractory properties of glass, such new methods could 

significantly increase its acceptance as a loadbearing building 

element.  

Smart materials  
Materials that adapt to prevailing external conditions or even 

make use of them, are called Smart Materials. More and more 

of these materials find their way into architecture. Currently, re-

search is underway for glass coatings as thermo-chromic layers 

that react to sunlight. The glass becomes darker with increasing 

sunlight (a principle we know from photo-chromic sun glasses). 

Thus, the so-treated glass can discretely react to the sun’s force: 

it acts as a self-regulating sun protection. 

Many new materials are being developed in the field of na-

no-technology. For example, there are fluids that contain metal 

particles and can therefore be pulled in specific directions by 

magnetic force (6). Initial tests are being conducted in the medi-

cal sector; a transfer into architecture is possible when suitable 

applications are identified. 

 

5

Cloud Gate, Millennium Park, Chicago,  
Anish Kapoor, 2006
The sculpture’s extensively polished stainless steel 
surface creates a unique appearance.

6

Nano technology
This fluid contains metal particles and can therefore be shaped by  
magnetic force. 
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The requirements imposed on materials used in the façade are 

very stringent. They are exposed to the environment, yet should 

not cause risk to anyone inside or outside the building. If a new 

material or material combination is to be used in a façade, it has 

to run through elaborate and often expensive processes: certifi-

cation for a defined area of use and the final market introduction 

will only follow after development of a prototype, testing, and 

advanced development. 

The product’s success depends on many factors. Of course, 

the cost/performance ratio has to be reasonable. In addition, the 

material’s practicability related to the building process must be 

verified. A sufficient number of companies will need to be able 

to use the product with existing labour and assembly resources 

within a short to medium timeframe; if this is not the case, the 

product will remain an exclusive special solution. And last, but 

not least, the product needs to be accepted from an aesthetic 

point of view to be considered by the decision-makers (usually 

the architect or the client).

Phase Change Materials (PCM) make use of so-called latent 

heat. Latent heat is the phase change of a substance, e.g. from 

solid to fluid, and in so doing, change from absorbing to dis-

sipating energy. We call it latent heat because the temperature 

of the substance does not change during this process. Wax, 

for example, chemically treated to melt at 23°C (73.40°F), can 

be embedded into the wall plaster to absorb increasing room 

temperatures. The room does not continue to heat up. When 

the room temperature drops, the wax will dissipate the absorbed 

latent energy back into the room. Thus, PCMs simulate a non-

existent thermal mass and can balance out variations of the in-

door environment (7, 8). The use of wax-based PCMs is currently 

still restricted due to fire protection issues; however research will 

most likely deliver even more effective products in the future.  

7

Functional principle of a PCM
The sketch shows looped heating ducts within a PCM mass.

8

Model of a PCM ceiling module
This ceiling module (not yet filled with PCM) can regulate the room tempera-
ture. The temperature will also be buffered through the PCM. EMPA (Materi-
al Testing and Research Institute of Switzerland) and Transsolar, 2005.
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Production and assembly 
The industry’s main goal is to increase its manufacturing efficien-

cy and the profitability of its products by continuously advancing 

production technologies. This, as well as the market’s and the 

architects’ demands to adapt existing products, lead to continu-

ous research and development.  

Free-form façades 
There is still no solution to translate digitally created free-form 

shapes into equally free-form structures – such planes continue 

to be dissected into geometric surfaces, which still need to be 

supported by substructures, or are assembled from numerous 

small elements (9, 10, 14). Producing free-form façade compo-

nents directly from digitally created design is still a vision of the 

future.

9

iWeb Building, Delft University of Technology, 
ONL – Oosterhuis_Lénárd, 2006
A free-form dissected into geometrically unique triangular shapes, which 
then have to be filled in and sealed.    

10

Jay Pritzker Pavilion, Millennium Park, Chicago,  
Frank O. Gehry, 2004 
Free-form surface supported by a substructure and small surface elements.  
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Modular construction 
As discussed in the chapter ‘Principles of Construction’, façade 

constructions often employ systemised components. The suc-

cess of modular construction including the development of 

structural systems as well as entire components for a specific 

building type is often diminished by the negative attitude of 

decision-makers in the building process. The low acceptance 

level of modular systems might be a result of the bad quality of 

pre-fabricated concrete façades formerly used in the pre-cast 

concrete slab buildings in the former GDR. Thus, the goal must 

be to allow the highest possible level of architectural expression 

while exploiting the benefits of mass production. There are suc-

cessful examples of modular systems with integrated building 

services. The development of modular systems has to aim for 

an optimisation of the interface between the different sub-con-

tracts. Depending on the type of building in question, the façade 

could encompass all necessary building services components. 

When industrially pre-manufactured elements are assembled in 

situ, the work of electricians, plumbers, glaziers and other crafts-

men has already been carried out in the factory under optimum 

conditions. Even after years, such a façade can be adapted to 

new uses or new energy related requirements by exchanging 

just a few elements.

11

Manufacturing of sandwich panels for the automotive industry
Sandwich panels could be applied in architecture as large loadbearing 
panels. 

Composite building materials  
Composite building materials are materials that in their combi-

nation feature new characteristics. Reinforced concrete, for ex-

ample, is a typical composite building material since the inbuilt 

steel enforcement provides the concrete with tensile strength.

More and more composite products from the light construc-

tion industry find their way into architecture, such as sandwich 

structures with pressure-resistant layers of glass, carbon fibre or 

other textile fibres (11). They typically stem from the aviation and 

space as well as marine applications. When current fire protec-

tion related issues have been solved and the disadvantage of 

the low thermal mass eliminated, then using insulated sandwich 

elements with loadbearing capability certainly has a future in the 

façade industry.

A new industrial manufacturing method (pultrusion) makes it 

possible to produce extruded synthetic resin sections with inlaid 

fibre bundles. They could be used as non-conductive building 

elements or as window sections. One of the major benefits of 

such sections made from fibre-glass enforced plastic comes 

from the combination of materials. As their main component is 

glass, they exhibit similar thermal transmission coefficients as 

glass itself; thus it seems reasonable to glue them to glass pan-

els. This method has been tested in an early research phase, and 

is still pending its applications for façade construction. 
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Generative manufacturing methods
Generative manufacturing methods are methods for rapid pro-

duction of models, prototypes, tools and end products for which 

computer data models are directly translated into physical shapes 

using amorphous powder, fluids or ligamentous materials. We can 

imagine this method as a type of three-dimensional printing tech-

nique (13). Depending on the specific process steps involved, 

we also call it Rapid Prototyping, Rapid Tooling or Rapid Manu-

facturing.

This technology has evolved over the past 20 years, almost 

unnoticed by experts in the architectural field. Initially, this method 

was used to manufacture prototypes as display models, whereas 

today it can be employed to create finished products from a va-

riety of materials (12). In the future, entire building components 

made from various building materials (maybe even transparent 

materials) will be produced in a single process step. Joining of 

individual elements will no longer be necessary. The machine will 

deliver a compact, finished product. The building components’ 

dimensions will no longer be determined by assembly require-

ments, but rather by the printer’s resolution. 

So, in the future the question will change from what manufac-

turing method should be used, to which functions are desired 

to be achieved. The development of generative manufacturing 

 methods is far from complete; therefore it is premature to discuss 

their innovation value. Still, the future looks exciting.

13

Generative manufacturing methods
Based on 3D computer data, generative methods make it possible to build 
up three-dimensional models or components layer by layer. The image 
shows a design and the printed plastic model. 

12

Free-form metal parts
Complex geometric shapes such as these hollow balls nested into each 
other can only be produced by a layered build-up.
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Computer technology
In principle, computers are used in architectural planning in the 

areas of communication, construction and simulation. The entire 

building process is a process of communication with informa-

tion being transferred from one design phase to the next. CAD 

(Computer Aided Design) enables the realisation of façades that 

comprise completely different elements: CFD (Computational 

Fluid Dynamics), simulating the flow characteristics of air, and 

thermal simulation allow a prediction of the interaction between 

façade and internal space.

14

Phaeno Science Center, Wolfsburg, Zaha Hadid, 2005
The complex geometry of this building could only be accomplished through 
the use of CAD design technology.

Whereas in earlier times the computer was primarily used as a 

drawing aid and text processing tool, it is now often used for 

communication such as email or instant messaging. The World 

Wide Web provides a multitude of information, enabling us to 

retrieve specific data, research information on a worldwide basis 

or learn about the best available technology. It might not be too 

long until individual computer programs can make suggestions for 

certain aspects of design at an early design stage, e.g. computers 

may determine the most sensible wall thickness depending on the 

required energy values. This field encompasses a wide range of 

possibilities. 

For example, when drawing a façade detail, the computer pro-

gram might point out possible problems: ‘The depth of the façade 

posts is insufficient for the chosen façade height. Please increase 

by 5 cm (2 in) or chose steel instead of aluminium!’, or ‘The cho-

sen thermal insulation thickness entails the risk of condensation 

in the ceiling area.’
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Evaluation strategies
Due to the complexity of today’s building envelopes, many expert 

consultants would have to be involved in their design. Typically, 

façade specialists (a specialisation almost unknown 15 years 

ago), environmental engineers, building services engineers 

and quantity surveyors participate in the development of large 

projects in addition to the architect. A whole variety of informa-

tion related to new developments, technologies and materials are 

available. But how can we ensure that the correct decisions are 

made at an early design stage? How can we integrate new tech-

nologies and how maintain an overview of the growing number 

of norms, directives and laws?

In developing the façade of the future, we therefore need 

strategies and tools that manage the decision-making and de-

sign process and present information in a clear manner (15). 

 

Façade functionality 
Looking at international building projects it becomes appar-

ent that many architects try to design large building projects 

throughout the world based on technically mature Central Eu-

ropean building envelopes. In many cases, components and 

technologies designed for the Western European climate are 

used to plan comfortable offi ce and residential buildings in other 

regions, sometimes with extremely different climatic conditions. 

Technologies such as air-conditioning units can, of course, be 

used when constructing a building in Dubai entirely clad with 

glazing. However, an analysis of the specifi c climatic conditions 

and the traditional building methods of a certain location can 

generate concepts that provide a more economic operation with 

less technical resolutions. 

Models are needed that show suitable façade concepts 

based on the specifi c climatic conditions. These models also 

serve to evaluate the concepts at an early stage. Implement-

ing new technologies only makes sense if the building location 

supports the benefi ts provided by the local climate. The goal of 

these design tools is to consider and integrate the prevailing 

climatic conditions in the façade concept, rather than to resist 

these conditions with technical options.

15

Façade matrix 
As part of a research project, selection matrices are developed to simplify 
the choice of suitable façade technologies at an early design stage.
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In order to examine his or her own design at an early stage, the 

architect designing the project needs information about the sub-

sequent disciplines such as building services, building structures 

or environmental design. This can be achieved by using design 

tools or simple aids supporting the decision-making process. 

The façade industry consists of mostly medium-sized compa-

nies; therefore, investment opportunities for research and devel-

opment are limited.

Due to their limited size, façade building companies can only 

carry a small risk in terms of using new technologies. The field 

of façade refurbishment has shown that the lifespan of modern 

façades is about 30 years. We will have to wait and see whether 

this value will change in the future. It is entirely possible that the 

lifespan might get shorter when considering ever faster develop-

ments in the area of construction and changing user requirements. 

However, façades will always be designed for a long lifespan, and 

the functionality of the façade has to be ensured throughout (17). 

New approaches, specifically for construction, carry high risks. 

Thus, the façade industry is a relatively conservative sector that 

doesn’t embrace innovation readily.

Design tools 
In general, successful design necessitates a detailed require-

ments catalogue that should be generated at the very beginning 

of the planning phase. The consultants need to identify the per-

formance goals of the design (16). These should comprise the 

relevant local and national regulations and laws as well as those 

goals defined by the client. What is realistic, what is practicable, 

which demands seem excessive?

The use of checklists or detailed requirements catalogues 

makes it possible to evaluate the alternatives to a project’s re-

alisation at an early stage, and to prevent wrong decisions that 

could entail huge costs during the following design development 

process. Often, promises are made during initial sketch design 

that later, during consultation with expert engineers, prove to be 

almost impossible to realise or to be very uneconomical. 

 

16

debis Headquarters, Renzo Piano, 1997, Daimler-Chrysler Building, 
Hans Kollhoff, 1999, and DB Headquarters at the Sony Center, Hel-
mut Jahn, 2000, Potsdamer Platz, Berlin 
In spite of their similar function these façades have different design concepts.

17

Downtown Chicago
Façades of different generations of high-rise buildings demonstrate techni-
cal developments over time.
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The integrated envelope 
The future façade will potentially take on more functionality. This 

is a progression of the previously mentioned polyvalent wall ap-

proach by Mike Davies – the search for the almighty façade: a 

better integration with the building services concept, such as 

adaptability in response to changing climatic conditions and user 

requirements, as well as the integration with the structure of the 

building are all tasks of tomorrow’s façade (18). 

Integrated envelope is an extraordinary term for this kind of 

holistic approach. We describe this concept as integrated – to 

make a whole – because many different, not necessarily overlap-

ping, functionalities create a complex new design. 

The goal of the development is an encompassing adaptabil-

ity of the façade to changing external circumstances to achieve 

comfort for the user. 

The adaptive façades described in chapter 6 can be consid-

ered as steps in the development towards the integrated façade. 

Current developments of the double façade already try to solve 

the integration of building services components (19). 

Here, we can expect a broad application range in the near 

future because this concept allows for greater individuality and 

flexibility in addition to easy access to building services modules 

which makes exchanging individual components easier. On the 

other hand, high maintenance requirements and elevated invest-

ment cost might prove problematic.

The goal is to keep the conditions in the building’s interior as 

consistent as possible in terms of protection against heat and 

cold, sun protection, ventilation and natural lighting. It is para-

mount to consider the requirements of the user. The future 

façade has to be based on an integrated concept, i.e. it has to 

combine and regulate functions that in some cases might con-

tradict each other.

The functions of protection against heat and cold, sun protec-

tion, directing of light, natural or mechanical ventilation, heating, 

cooling, energy generation (20) and energy storage (e.g. PCM) 

have to be integrated into the façade structure. This leads to the 

question of how the façade should be structured – all in one 

layer or stacked on top of each other. The smaller the compo-

nents, the easier and better they can be spatially arranged in the 

façade system. 

18

Functional concept of the integrated envelope 
Functional requirements of an integrated façade: Loadbearing, insulating, 
sealing and ventilating as well as transparency and energy generation.

19

Capricorn House, Düsseldorf, Gatermann + Schossig, 2006
Decentralised ventilation components and lighting are integrated into the 
enclosed elements.
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The importance of glass will remain high when considering future 

façades. Today, we already see a series of developments that 

can enhance glass to perform as a changeable building material 

to fulfil several functions simultaneously. A few examples:

Electro-chromatic coating: daylight and radiation transmission 

can be altered by applying voltage.

Thin film cells: photovoltaic cells in the form of screens depos-

ited on glass generate energy – patterns can be imprinted by 

laser with some areas remaining transparent.

PCM in glass: serves as thermal storage.

20

Solar cells
Solar cells generate energy from sunlight. From a design point of view, more 
experimentation is needed to fully integrate these elements into the façade.

Holographic coatings (films): can provide shading independent 

of the angle of the solar radiation (transparent) or focus energy, 

e.g. radiation onto PV modules.

Heated glass: to balance heat loss and increase surface tem-

peratures (no comfort reduction through radiation or cold air dur-

ing winter).

The list of possible solutions for future façades can never be all-

encompassing. Developments have to be based on user comfort, 

energy savings and architectural quality.

Architecture will respond to future human demands, and may-

be even generate them. Similarly it will dictate the performance 

goals for building envelopes. At the same time, technological de-

velopments of the building envelope can enhance architectural 

options. The integrated façade is a vision that will materialise 

progressively through the development of new components and 

technologies.
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