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The functional, energetic and structural 
aspects of the building skin 

'Architecture is an art of pure invention. Unlike the other 
arts, [it] does not find its patterns in nature, they are unen- 
cumbered creations of the human imagination and reason. 
In consideration of this, architecture could be considered 
the freest of all arts were it not also dependent on the laws 
of nature in general, and the mechanical laws of material 
in particular. For, regardless of which artistic creation of 
architecture we look upon. it was primarily and originally 
always conceived to satisfy particular material need, pri- 
marily that of shelter and protection from the onslaught of 
climate and the elements or other hostile forces. And since 
we can gain such protection only through combining the 
materials nature offers us into solid structures, we are always 
forced to adhere closely to the structural and mechanics! 
laws." Gottfried Semper, 1854 

Despite changed cultural, economic, building technological 
and energetic parameters, the principal task of architecture 
is still to create a comfortable "shelter." In other words, 
the fundamental aim of building is to protect people from 
external climate conditions, such as intensive solar radiation, 
extreme temperatures, precipitation and wind. In construc- 
tion, the building skin is the primary subsystem through 
which prevailing external conditions can be influenced and 
regulated to meet the comfort requirements of the user inside 
the building. Like the skin and clothing of humans, this 
raiment, too, fulfils the tasks demanded of it by performing a 
number of functions made possible by means of the appro- 
priate design and construction. Any serious inquiry into this 
context must address the following questions, vitally impor- 
tant to the theory and analysis and to the planning and 
design: 
1. Function: What is the practical purpose of the 
building/the building skin? 
2. Construction: What are the elements/components of 
the building/the building skin and how are these elements 
assembled into a whole? 
3. Form: What does the building/the building skin 
look like? 
While these categories of observation and analysis have 
remained virtually unchanged for millennia, increased CO, 
emissions and the shortage of fossil fuels have precipitated 
a shift toward greater ecological awareness. As questions 
pertinent to sustainable building take centre stage in the 
planning process, this shift calls for a fundamental recon- 
sideration of building concepts and the form and design 
of the building skin. Keeping this relationship in mind, 

the following factor should be added to the above list: 
4. Ecology: What is the energy consumption of the 
building/the building skin during construction, use and 
demolition? 
In terms of comfort, functional properties take precedence 
over structural, aesthetic and ecologicai aspects. However, 
all four categories must be given equa! weight in a "total 
building system," since they are interdependent and bear 
a direct influence on each other. Thus the physiological 
properties of an externai wall are dependent on its structure, 
sequence of layers and material properties. The ecological 
characteristics in turn, are determined by functional i.e. 
physiological aspects such as insulating- and shading 
properties. Questions of construction, too, such as the 
selection of materials determine the energy consumption in 
construction by virtue of their corresponding primary energy 
content. All four aspects must be fully considered to create 
architecture that is - in the Semperian sense - guided by 
reason instead of being a "pure art of invention," which in 
adherence to the "universal Saws of nature and mechanical 
laws of material [...l satisfies a material need," while asserting 
its membership in the liberal arts through quality in design. 
With all these aspects in mind, we shall begin by discussing 
the "material" aspects of the building skin. We begin by 
discussing the connection between the physical needs of the 
user and the resulting physical requirements of the building 
skin, followed by an overview of the functional properties and 
potentials of the building skin, and, finally, a detailed analysis 
of the structural and material implementation of these 
aspects. 

The building skin as a separating and linking element 
between inside and outside: reflections on the function 
of the building skin 

The building skin is the dominant system in all subsystems 
of a building - the load-bearing structure, mechanical 
services and spatial framework - not only in terms of design. 
It must fulfil a multitude of vital functions and is a principal 
factor in the energy consumption of a building. Although 
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facade and roof are subjected to climate stresses to different 
degrees, their functions are very simitar, which is why they 
are sometimes difficult to distinguish. For the purpose of 
this discussion, these two areas are therefore combined 
under the overarching term building- i.e. external skin. 

These functions are, among others: 
Lighting 
Ventilation 
Protection from humidity 
Insulation against heat / cold 
Wind protection 

+ Sun protection 
Glare protection 
Visual protection 
Visual contact / transparency 
Safety / security 
Prevention of mechanical damage 
Noise protection 
Fire protection 
Energy gain 

The building skin has become increasingly important in 
recent years in the areas of research and development as 
a result of a growing awareness of environmentally sus- 
tainable forms of living. In the late 1960s and early 1970s. 
internal comfort was still largely a matter of high-perform- 
ance air-conditioning systems. Since then, the external 
skin has become the key factor in efforts to conserve energy. 
The potential for decreasing energy consumption and above 
all, the debate surrounding the SBS syndrome3 have 
changed our perspective. This is also reflected in the fact 
that, until recently, most building skins were conceived by 
architects, sometimes in collaboration with an engineer. 
Structural engineers were only consulted for elaborate 
construction projects. Today, several experts are involved 
in progressive projects aimed at optimizing the performance 
capacity of the building skin. New professions, e.g. daylight 
planner, facade engineer, energy planner and building 
aerodynamics engineer, have evolved as a result of the 
re-evaluation of the building skin and its importance for the 
energy household of buildings. We shall explore these issues 
with a focus on key functional demands such as lighting, 
heat- and sun-protection and their impact on comfort and 
energy consumption. 

Comfort factors as parameters for building skin design 

One of the primary tasks of the building skin is to regulate 
the prevailing conditions in the surrounding external atmos- 
phere in order to ensure comfortable conditions in the 
interior. In view of the additional energy required for the 
operation of mechanical building systems, any such instal- 
lation should be understood as a subsidiary system that 
acts to support the envelope in order to guarantee sufficient 
interior comfort. Hence, facade and roof must react to 
climate conditions in order to regulate how these might effect 
the internal building climate. The direct link between building 
skin and room climate calls for a precise definition of the 
term comfort, since this definition is the basis from which 
specifications for the conception of the external walls and 
roof are derived. The main factors are Indoor air temperature 
and average surface temperatures, air change rates, 
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relative indoor humidity, luminance and lighting intensity. 
These comfort factors, of which detailed definitions follow, 
should not be seen in isolation: they are closely related and 
interdependent, indoor air temperature that is perceived 
as comfortable is very much dependent on relative indoor 
humidity, surface temperatures and on air movement in 
the room; it is also influenced by individual factors such as 
clothing and physical activity. 

Indoor air temperature 
The comfort zone for indoor air temperature ranges from 
20-25 'C maximum. h summer, temperatures of up to 27 Â¡ 
are still considered tolerable.4 When internal wail surface 
temperatures and the relative indoor humidity are properly 
adjusted, indoor air temperatures as low as 18 'C  are still 
perceived as comfortable. 

Average surface temperatures 
Whenever possible, these temperatures should differ by 
no more than 2-3 K from the indoor air temperature; the 
differential between various surface temperatures in sur- 
rounding areas should not exceed 3-4 K. 

Air change and air movement 

While a minimal air change rate of 0.31h is sufficient in 
unoccupied rooms, this value rises to 1.1/h during work 
hours. This corresponds to a fresh air intake of 40-60 mVh 
per person. Generally a value of 200 cm2/m2 of floor area 
suffices for intake- and ventilation openings for natural 
ventilation. At the same time it is important to avoid draft by 
ensuring that air velocity does not exceed 0.1 5 mk. 

Relative indoor humidity 
Depending on room temperature, the comfort zone for 
relative indoor humidity ranges between 30 and 70%. 
Grandjean9 establishes a more limited range of comfortable 
relative indoor humidity, between 40 and 60%. 

Luminance 
The standard values for luminance at the work place are 
dependent on the activity, the room layout and the proximity 
of the workstation to windows. Typical values lie in the region 
of 300 Ix for workstations near windows, 500 lx for standard 
cubicle offices and 700 Ix for open-plan offices with a high 
degree of surface reflection or 1000 !X for open-plan offices 
with medium surface reflection.'O 

Lighting intensity 
The quality of lighting in a room is not only influenced by 
luminance but also by glare. The lighting intensity should 
be approximately 2/3 to 1/10 of the interior field lighting 
intensity." Hence, it is important to select and position 
glare protection elements in a manner that provides evenly 
distributed daylight without glare, while avoiding unneces- 
sary cooling loads in the interior space. 

All comfort-related parameters - with the exception of relative 
indoor humidity -can be directly controlled and regulated 
through h e  design of the facade and the roof and this is the 
principal guiding factor in the conception of the building skin. 
Thus the indoor air- and average surface temperatures are 
the product of the exchange between internal and external 



heat gains, on the one hand, and transmission- and venti- 
lation heat losses through the building skin, on the other. 
Air change can be regulated through the number and 
dimension of ventilation openings. Luminance and lighting 
density are also influenced by the type, position and size 
of openings in the building skin. Close observation has 
demonstrated that a well-designed building skin is capable 
of producing a comfortable internal climate with the help of 
environmental energies even under less than favourable 
climate conditions. 

Comfort and energy-related parameters of the building skin 

U-value 
The thermal transmittance (formerly U-value) indicates the 
amount of heat which passes through external wall structures 
in W/m2K. For opaque wall- and roof structures, typical 
values lie in the range of 0.3 W/m2K, easily achieved with 
standard insulating materials of 12-1 6 cm thickness. Modern 
insulating glass delivers values of 1.4 W/m*K and custom 
fillings will yield thermal transmittance values of as low as 
1 .l W/&K or less. For transparent and translucent external 
wall structures, one should take the potential of solar heat 
gain into consideration, as this can have a positive impact 
on the overall energy balance. 

g-value 
The total solar energy transmission (g-value) indicates the 
percentage of solar radiation (wavelength 320-2500 nm) 
transmitted through transparent or translucent external walls. 
This value is the product of the sum of transmitted radiation 
and heat emission from the internal pane into the room. 
Today, g-values of insulating glass panes lie between 60 
and 80%. 

Diminution factor 
The diminution factor refers to the sun-protecting effect 
of shading installations and indicates the percentage of 
incident radiant energy, which passes through a shading 
element. This value is dependent on the execution and 
installation angle of the shading system and provides 
information with regard to the heat gain in a room as a 
result of solar radiation. 

Daylight transmission factor 
The daylight transmission factor indicates the percentage 
of daylight (wavelength 320-780 nm) which passes through 
the glazing. Current insulating glass panes typically have a 
daylight transmission factor of 70%. The constant changes 
in external conditions on a daily and yearly basis result in 
vastly different and in part conflicting requirements to which 
the external skin must respond in order to maintain comfort- 
able conditions inside the building. 

The performance of the building skin was a key concern 
even at a time when energy generation for internal comfort 
and conditioning was still linked to high levels of energy 
consumption. Historic architecture provides countless 
examples of impressive precursors to modern principles of 
sustainable building. Topics such as minimizing primary 
energy consumption and recycling building materials were 
basic considerations even in the past, because of limited 
availability. Recognizing its significance in relation to energy 
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Radiation exchange in facades permeable to radiation 

consumption and comfort, the building skin was designed 
primarily in response to regional ciimate conditions. In 
Central Europe, the thermal properties of structures and 
the thermal storage of the building skin were the functional 
focus of building in an effort to minimize energy consumption 
and optimize comfort. Daylight use was of secondary 
importance and the building technology of the time offered 
fewer options than are available today: hence, window 
openings were generally smali in proportion to the opaque 
surface of the external wall. This particular aspect would 
only change with the advent of progressive glass manu- 
facture in the 19th century. 
The increased use of glass in the second half of the 19* 
century went hand in hand with a greater focus on mani- 
pulators for sun- and heat protection because of the radia- 
tion permeability of the material (Fig. 2.3). Many new 
principles were developed, especiaHy for transparent wall 
construction, with the aim to adapt thermal properties to 
external conditions. Larger glass surfaces, high internal 
heating loads, changing user requirements, rising energy 
prices and the near-exhaustion of environmental resources, 
have made an investigation into the performance and 
function of the building skin more important today than 
ever before, if we wish to keep pace with changing 
demands and conditions. In addition to new developments 
in the area of insulated glazing and insulating materials, 
the implementation, research and development of 
manipulators in combination with a buitding skin design 
that meets the basic requirements are the focus of this 
investigation. 

The impact of facade and roof design on energy 
consumption and comfort in the building interior 

Heating energy consumption continues to be a key issue 
in housing construction, while cooling energy requirements 
are increasingly important in the context of office and 
administration buildings where internal cooting loads are 
rising. Components that protect against excessive heat gain 
in summer and unwanted transmission- and ventilation heal 
losses in winter are therefore especially important. In con- 
ventional office buildings nearly 40% of tota! energy con- 
sumption is devoted to heating and a further 40% for the 
operation of air-conditioning systems for both ventilation 
and cooling. The remaining 20% is consumed for artificial 
lighting.'2 To increase comfort and reduce energy consump- 
tion, the cooling loads must be reduced by means of optimal 
sun protection, improved daylight use and daylight-depend- 
ent regulation of artificial lighting. Moreover, excess heat 
gains should be extracted via night cooling, a process that 
can be greatly facilitated with the corresponding building 
skin design and exposed thermal masses in the building 
interior, a combination that is equally effective for reducing 
transmission- and ventilation heat loss. Elements that are 
flexible, both in design and in use, are essential tools to 
meet the above-mentioned requirements. Depending on 
the specific requirements, heat gains in a room or thermal 
transmittance losses in the facade can be minimized with 
shade-, glare-protection and insulating systems as well as 
by daylight deflecting elements. 
Today, basic demands for heat insulation as well as shade- 
and glare protection systems that are both efficient and 
flexible in order to prevent overheating and giare in summer 



Sun protection systems 
Independent of the heat insulation factor of a transparent 
facade, the placement of sun protection systems has a 
decisive influence on the energy consumption of buildings, 
Calculations on conventional facades with east- and west 
orientation have shown that the energy consumed for cooling 
can be halved when external blinds are used, by comparison 
to a glass facade without sunscreen elements. Conversely, 
the use of internal blinds reduces the energy consumption 
by no more than 20%. '5 Sunscreen elements are required 
to prevent overheating in all building types, especially for 
buildings with high internal cooling loads and/or a high 
percentage of glazing, e.g. most administration or office 
buildings. Fixed, stationary systems do not allow for adjust- 
ing the shading element to the position of the sun, and this 
can result in functional disadvantages with regard to shad- 
ing, transparency and daylight use. Moveable systems can 

2.4 
be adjusted to respond to changing solar altitudes over 
the course of a day and in different seasons, allowing m for individual control of the sunscreen elements, optimal 
shading and maximum use of daylight (Fig. 2.4). 
It is important to point out the disadvantages of internal 

ff 
sunscreen elements, because the solar radiation absorbed 

!l,* by these elements is transmitted into the room. In summer, 
this results in unwanted additional cooling loads. In winter, 
the potential heat gain may be used to increase the room 
temperature. Systems mounted behind glass, and thus 
protected from the elements, are easier to build and to 
install. This is equally true for double-skin facades, where 
a great variety of manipulators can be installed behind a 
protective shield of single glazing. Since these systems are 
protected from dirt and pollution, they allow for the use of 

i 
elements with sensitive i.e. highly reflective surfaces for 

I daylight redirection. With elements installed into the cavity 
between insulated glazing, the cleaning- and maintenance 
effort is potentially reduced even further (and the life cycle 
increased), for example micro-grid and prism systems 
(Fig, 2.6). 
Despite the advantages offered by weather-protected 
shading systems, external sunscreen elements are still the 
most advantageous option due to the direct convection of 
heat gain to the outside. Nevertheless, it is important to 

have already drastically reduced the energy consumption in 
buildings. Thus the average heating energy requirements 
in buildings constructed prior to 1968 lie near 260 kWh/m2a, 
while the corresponding value is approximately 60 kWh/m2a 
in new, low buildings.13 Components for temporary sun- 
and heat protection offer the greatest potential for a clear 
reduction in energy consumption, especially in the case of 
transparent or transiucent facades. To translate this know- 
ledge into minimal energy consumption and to utilize 
renewable resources, architects must carefully study the 
complex issues of material and energy exchange; moreover, 
they must knew hew to apply the information thus gained 
to planning and construction and consult specialized 
 engineer^.'^ The current energy savings potential can be 
realized through dense building, integrated power-heat 
systems and the correct placement and orientation of the 
building fabric. tf the knowledge required to fully implement 
these solutions is either lacking or poorly executed, the 
building skin alone cannot compensate for the resulting 
deficits. 



consider climate conditions and wind resistance when 
selecting the relevant components, since high wind loads 
can lead to temporary system shutdown. 

fee"? 

Anti-glare systems 
The main task of anti-glare systems is to prevent extreme 
contrasts in lighting intensity, an issue that is especially 
important In office buildings with monitor workstations where 
visual comfort must be maintained. This is the principal 
difference between anti-glare and sun protection systems. 
A variety of different systems can be used to mute and 
scatter intense light. TTiese are: 

Curtains 
Horizontal blinds 
Vertical blinds 
Venetian blinds 
Screens 
Transtircent glazing 
Etectrochromic glazing 

Whenever these systems are used it is Important to avoid 
reducing daylight transmission to the point where artificial 
light has to be used or to impede visual contact between 
inside and outside. Textile anti-glare systems, screens and 
perforated aluminium louvres are practical options. The posi- 
tion of an anti-glare system in relation to the internal glazing 
layer determines the amount of heat gained in the inferior as 
a result of radiation. By comparison to an office building with 
external sunscreen elements, sun protection glazing com- 
b'med with an internal anti-glare system leads to an approxi- 
mate increase in heating requirements of 20-30% as a 
result of the reduced radiation transmittance, and Increased 
cooling energy requirements by 1040% as a result of the 
heat gain in the anti-glare ~ystern.1~ 

Daylight use 
The USB of natural daylight is increasingly important both 
in terms of the comfort and contenlment of the users and 
with regard to reducing the requirements for artificial light. 
Daylight systems should be applied above all in areas 
where significant room depths preclude direct use of 
daylight (Fig. 2.7), andor where the quality of lighting is a 
high priority, e.g. at computer workstations where optimal 
direction and distribution of light are essential Daylight- 
dependent artificial lighting offers additional savings poten- 
t ial~, Measures to optimize the use of daylight should always 
be closely integrated with any sun protection systems to 
keep the daylight component of transmitted solar radiation 
as high as possible and the short- and long-wave spectrum 
of solar radiation as low as possible. The following systems 
are suited to meet these requirements: 

Glazing with selective coatings 
Reflectors that deflect daylight into the depth of a room 
Micro-grid systems with high reflective coatings 
Prism systems 
Light diffusing glazing 
Glass louvre systems 
Holographic detractive system (HDS) 

Thermal insulation systems 
One option of regulating the resistance to thermal transmit- 
tance in a facade- or roof structure in response to internal 
requirements and external weather conditions, is to employ 
materials and components capable of reducing heat loss 



through transmittance, convection or radiation. The common 
approach is to use materials with low thermal transmittance 
factors, low emission properties to decrease heat loss by 
radiation, and high-reflective foils or surface coatings to 
reflect heat radiation. Aside from reducing heat loss by 
transmtttance, these measures can a!so help to increase the 
internal surface temperature of the exterior wall. While 
opaque skin structures with insulating materials of 12-16 cm 
in thickness display U-values below 0.3 W/m2K, similar 
values can only be achieved for transparent or translucent 
wall- and roof structures through of temporary measures for 
thermal insulation. For a direct comparison, however, one 
should consider the option of using solar energy, since this 
factor is crucial in defining the energy balance of a facade. 
The radiation transmittance of an insulating material also 
influences the options for direct use of solar energy, e. g. 
for pre-heating fresh air or heating a massive external wall 
structure. Insulating systems are divided into functions 
according to their adaptability. Fixed systems, such as 
combined heat-insulating systems or rear-ventifated facade 
systems, do not allow the insulating properties of the building 
skin to adapt to seasonal and daily fluctuations in external 
temperatures and radiation conditions. This may become 
problematic when transparent or translucent insulating 
components are used and overheating in summer must be 
avoided. In moveable systems, such as siiding- and folding 
shutters, the insulating material or component is installed 
either on the inside or on the outside of the existing skin 
structure. Transparent and translucent building components 
can be used to utilize heat gain in winter for preheating the 
air in the facade cavity, while evacuating the heated air via 
facade openings in summer. Opaque insulating systems do 
not offer this advantage of utilizing solar gains. 

Natural Ventilation 
Aside from the above-mentioned parameters for regulating 
the energy balance, the building skin plays an important role 
in terms of the natural air exchange in buildings. Meeting 
requirements for air hygiene is the key factor in this context, 
with a special focus oithe correct amount of ventilation 
to minimize heat loss by ventilation in times of cool outside 
temperatures. Free ventilation through existing openings in 
the building skin is generally sufficient for rooms whose 
depth does not exceed the height by more than 2.5. 
Dependant on the manner of opening, as well as the location 
and position of the operable element, this solution achieves 
air changes between 0.2 and 50 1/h. l7 Designing the 
building skin specifically with these natural principles in 
mind, e.g. the stack effect, can help to achieve natural 
ventilation even in the case of great room depths. l8 

Other functional aspects 
In terms of comfort and safety, sound insulation and fire 
protection are additional important properties of the building 
skin. With regard to sound insulation, the building skin 
should be designed to reduce external and internal noise 
to a comfortable level. This is achieved by using materials 
whose mass enables them to reflect existing sound. Another 
option is to generate sound insulation by absorbing sound 
energy and converting it into heat The minimal values for 
acoustic insulation rates in external building components 
range from 50 to 75 dB, 
As regards fire protection, the building skin must ensure the 



Overview of possible Insulating systems 
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Improving the thermal properties of facades 
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second-skin facade - X 
exhaustair_fagade X - 
solaraircollector - X 

moveable systems in out 
opaque insulating elements shutter X X 

hinged shutter X X 
s ! i d i n ~ s ~ - e r  X X 

folding-shutter X X 

X - 
louvres X X 

transpr. Insulating elements window leafs (e.g. coupled windows X x 
filmelement, foil X X 
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Airborne sound insulation for different building components 
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Building material grades 
l+qiption for biHMi"9 supecwaon Gracte 
f~repref mtwlals A 
materials without combustible components, 
e,g, concrete, steel, natural stone 
-. -. . - - A1 
materials with few combustible components, 
e.g. plaster concrete blocks A2 
~~bust~blern~teriils E!. 
hardlyjnf lammablematerials - 
~uch~aspreservedwood~ textiles B1 
standardinflammable materials. such as wood planks B2 
easily~nflammablematerials._such_aspaper_a~d_ff lms B3 

Description for building supervision 

Grades Abbreviam 
fir~etardant F%B- 
fire-retardant and in the load-bearing components 
of non-combustible materiafs F30-AB 
fir~etardantandofnon~ombustibte materials F=?- 
fireproof F9- 
fireproof and of non-combustible materials F%:!! 



safety of the users, and prevent the outbreak of fire or 
explosions; it must also counteract the spread of flames, 
heat and smoke. Moreover, the structure must maintain its 
load-bearing capacity for a specified period of time and the 
layout must facilitate effective fire fighting measures. External 
skin construction can be classified above all with regard to 
the combustibility of its materials and the fire resistance 
period of building components and load-bearing corn- 
ponents. The following aspects are covered by fire resist- 
ance codes: walls, supports, floors, girders and stairs, which 
prevent the spread of fire and smoke as well as the penetra- 
tion of radiating heat; transparent building components, i.e. 
glazing, which prevent the spread of fire and smoke but not 
the penetration of radiating heat; non load-bearing external 
walls; and doors and gates. For building skins it is therefore 
imperative to verify the building codes in each jurisdiction 
and to check specific guidelines for fire protection, which 
may limit the choice of building materials or construction 
type. For the purpose of fire protection, the focus is above at1 
on load-bearing and room-enclosing walls, such as walls 
along emergency routes, in stairwells and on firewalls. These 
building components must deliver a fire resistance period of 
30 to 120 minutes in the case of fire depending on building 
category and use. l9 

The building skin as power station 
Before low-cost fossil fuels were widely available, the 
efficient use of heating energy and the principles of solar 
energy use were essential considerations in the design of 
buildings and building skins. Material selection, orientation 
of the building volume towards the sun, exposure, plans, and 
the design of facade- and roof surfaces were at! harmonized 
with the conditions dictated by the site. These are, among 
others, the local climate, the topography, the availability of 
materials for construction and combustible material for 
building operation. Over many centuries, a culture of buiiding 
evolved, which demonstrates the direct link between func- 
tional requirements and external appearance, a link that is 
still visible today in traditional buildings (Fig. 2.8). 
The drastic changes in the energy sector, in particular the 
ready availability of inexpensive fossil fuels and electricity, 
had a lasting impact on this traditional link. The relationship 
between local conditions and their impact on the built 
environment was more or less nullified (Fig. 2.9). Only the 
realization that fossil fuels are an exhaustible resource and 
that the burning of coal, oil and gas presents a grave danger 
for the environment and the population, prompted planners 
to change their attitudes. Throughout Europe, approximately 
half of the consumed primary energy is consumed for the 
construction and operation of buildings. A radical reduction 
of energy consumption, coupled with the use of solar 
energies, is therefore the only logical and sensible solution 
to the problem of dwindling energy resources and envi- 
ronmental destruction. 
Solar energy can be utilized twofold. Direct use is mainly 
concerned with orientation, plan and the design of the 
building and its components, especially the facade. 
Applied to the building skin, solar energy is used for 
natural ventilation (making use of thermal lift and the 
resulting pressure differences), for lighting interior 
spaces with daylight, and for heating interior spaces 
by harnessing the greenhouse effect (Fig. 2.10). 
There is a wide range of systems from which to choose 



for collecting, distributing and storing the available energy, 
Buffer zones, transparent heat insulation, aerogel glazing 
and high-insulating glass with U-values betow 1 .Cl W/WK 
widen the field of options for direct solar use and reduce 
heat toss by comparison to conventional insulated glazing. 
Components and systems, such as massive wall com- 
ponents faced with translucent heat insulation, make it 
possible to use the solar energy stored during the daytime 
to provide heat in the evening and early night hours. 
As to daylight use, one should consider micro-grid 
systems, prism systems and HDS elements, which enable 
a more efficient use of daylight, especially for office and 
administration buildings where higher cooling loads and 
user comfort requirements come into play. 
As its name indicates, indirect use refers to indirect appli- 
cation of solar energy through collectors that is autonomous 
systems, which can be integrated into the building skin. 
Indirect uses of solar energy include the heating of water 
and air for interior space heating or for domestic/industrial 
water consumption. The conversion of solar radiation into 
cooling energy is yet another application where solar col- 
lectors are used in combination with heat absorption pumps 
or thermal/chemical storage systems. Photovoltaic elements 
have become increasingly popular in recent years for 
generating electrical power as a result of technological 
progress in this field, state subsidies and the development 
of panels that are easy to Integrate. A wide range of applica- 
tions has been developed for the building skin. 
Contrary to collectors that are mounted onto the building 
skin, these systems allow for full integration, both in terms 
of construction and of designnM Aside from the functional 
advantages, this approach also results in cost savings, since 
no additional financing is required for the roof- or facade 
surface covered in collectors. 
Building materials, components and techniques must be 
carefully selected with the building concept in mind and 
harmonized with each other, Both in the area of the roof 
and the facade, the building skin offers a variety of options 
for applications capable of meeting nearly all energy require- 
ments, provided the systems, combination- and storage 
options are employed accordingly, 

Structural aspects of the building skin 

Aside from comfort and energetic requirements, the 
building skin must also fulfil a number of other functions 
as spatial component; these are primarily concerned with 
the structural design of the facade and roof construction. 
These functions are: 

Transfer of vertical loads, e. g. dead weight and super- 
imposed loads 
Transfer of horizontal loads, such as the wind-Induced 
pressure- and suction forces of impact loads 
Structural safety and prevention of mechanical damage 
Enabling the structural integration of components for 
direct and indirect use of solar energy or sun-and heat 
protection of the interior space 
Enabling the structural integration of manipulators for 
the adaptation of the building skin to changing functional 
and user-dependent requirements 

Beyond these aspects, questions related to design 
and visual appearance are in the foreground in the 
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structural execution of the building skin. Construction and 
design are inseparably linked, because the structural 
design of the building skin determines the visual 
appearance of a buikiing. Load-bearing components, 
such as beams, supports and walkE and the spacing 
betwen them define the rhythm, division and proportion 
of the building skin. The principal characteristics of an 
external wall construction, which define ifs design are the 
size, shape and arrangement of openings, the division, 
material selection and surface treatment of closed wall- and 
rod sudaces. With these parameters in mind, the following 
paragraphs address issues such as load transfer, structural 
arrangement, as we[$ as options tor construc~ionat dwelop- 
rnent with regard to their import for the visual appearance 
of the entire building. 

Cjassi@ing the building skin with regard to 
constructimaI criteria 

Based on an analysis of the consiructional development 
and the properties of the building materials, the followihg 
criteria have been established to describe and classify 
envelope s$ructures 21: 

Load transfer (bearinghon-bearing] 
Structure of external wall in terms of shell arrangement 
(singleskin or multi-layered] 
Structure of external wall in terms of sequence of layers 
Radiation transmission (transparent, translucent, or opaque) 

Other criteria, such as the placement and distance of 
the building skin in relation to load-bearing and bracing 
components such as girders, fbors/ceilkngs and walls, 
are of secondary importance in terms of establishing 
typologies. 

Load-bearing and non load-bearing skin structures 
Perhaps one of the oldest principles of protecting oneself 
against the elementsl wild animals or other risk factors is to 
create simple shell structures from stacked stones (Fig. 2.11) 
or stacked, hewed tree trunksl and to cover these structures 
with a roof of cantilevered stone slabs or wooden planksE or 
with wood- or stone shingles. 
The ioad-bearing exterior skins are generally bend- and 
compression-resistant cortstruc%ions, fashioned from clay, 
masonry or reinforced steel, but also from glass. Massive 
limber walls with logs or planks, typically found in traditional 
buildings in the alpine regions, should also be mentioned 
in this context Half-timbered buildings are in a category 
of their own, since "load-bearing' and "space-enclosureH 
occur within the same layer, alfiough the load transfer is 
effected by means of the wooden truss framework. Hence 
the nogging of the interstices is entirely flexiblel notab!y 
with regard to the variabifity of modern skeieton structures. 
Modern external wails fashioned from solid wood are found, 
for example, in the so-called stacked-board structures, 
which have become more common in recent years in 
connecTion with resource-efficient building. 
For roof constructions, the principal skuctures of interest 
in this context are domed-, she![- and vault constructions. 
In addition to these external- i.e. roof structures, which are 
subject to compression, structures that am subject to 
tension also count among the uload-bearingw building 
skins. In the latter, toad transfer is realized by means of 
synthetic sheeting 07 fabrics, i.e. via flexible and fight, 



tensile materials. The properties of these materials have 
been significantly improved in recent years w ing  to 
intensive efforts in research and developmentl and this 
has led to the increased use of tensile skin structures. 
A secondl equally ancient principle in the construction of 
building skirts is the use of animal skinsi leavesi blankets 
or woven elementsi which - much like human clothing - 
are laid or stretched across slmple toaddbearing structures 
To some degree, such structures are the precursors of 
contemporary curtain wall systems, in as much as they 
were the first instance of separating vertical load transfer 
from the other tasks of the building skin. 
Today, most non load-bearing external wall structures 
are composed of wood-i glass-, metal-$ ceramic- or 
natural stone shells, in which load transfer is realized via 
integrated support components. Modernism discwered 
glass as a building material for residential buildings at the 
beginning of the 20th century, developing fully transparent 
external wall structures by means of braced- and skeleton 
cons~ructions for load transfer. To render not only the 
building skin but the entire building transparent, the 
boundary between non load-bearing, transparent curtain 
facades and load-bearingl monolithic externalmwalts has 
become less defined in recent years, since new 
construction methods enable glass to fulfil the tasks of 
load transfer and structural bracing (Fig. 2.12). 
The separatjon of load transfer from the building skin's 
other tasks has broadened the field for employing a variety 
of materials and components in Its construction. Tbe pos- 
sibilities for functional characteristics and visual forms of 
expression seem to be nearly unlimited. 

The following facade types are predominantly used 
for modern office buildings: - Post-and beam facades (Fig. 2.13) 

Prefabricated (modular) facades (Fig. 2.14) 

The two systems differ mainly In terms of manufacture and 
on-site installation, In both systemsi panels and glazed 
sections are fastened In a linear fashion to a substructure. 
While the installation of the filling elements occurs only on 
the construction site in the case of a post-and beam struc- 
ture, larger elements of a compo~mt facade can be fully 
pre-assembled In a controlled workshop setting. 

Single-skin and mu/t-\aye& skin structures 
The second essential aspect to consider for a classification 
is the structural development of the external skin, First and 
foremost, it is Important to differentiate between single-skin 
and multi-layered structure. Essential functional properties, 
such as Insulation or the adaptability of tbe building skin 
to user requirements, are determined by this criterion. 
Generally speaking, shells consist of pressure- and/or 
tension-resistant materials separated by an air buffer. 
While the building physical characteristics In mmoiithic 
constructions are determined by a single building material, 
the performance profile of the building skin can be regulated 
and optimized In multi-layered skins by means of employing 
different building materials. A multi-layered external wall can, 
for example, be protected against sun, wind and preci~ita- 
tion by a thin, light and weatherprmf membrane, with an 
Insulating layer inserted beneath for good thermal insulation. 
On the Inside, a light structure with thin panels provides the 



necessary, solid room enclosure. Condensation is easily 
eliminated by means of rear-ventilation - yet another advan- 
tage in the building physics of such constructions. Typical 
examples are a single-skin external wall in natural stone 
masonry in comparison to a multi-layered, rear-ventilated 
external wall construction with external wmd facing. In this 
context, manipulators whose mechanical and constructional 
properties make them into an additional layer in front of 
or behind certain areas of the external wall, should also be 
regarded as "shells." These are, for example, sliding- and 
folding shuttersl or rotating louvers for temporary heat-, 
sound-l SW- or visual protection. In the area of transparent 
shell constructims, multi-layered structures and the integra- 
tion of manipulators for flexibitity in the control of the func- 
tional facade characteristics have become more important. 

2.13 This applies especially to modem office buildingsl because 
rising demands on comfort, changed work habits, rising 
internal cooling loads and changes in environmental aware- 
ness combine to increase the demands made on the execu- 
tion ofthe building skin, which can no longer be met by 
means of single-skin structures. The intensive and CO& 
bversial debate surrounding multi-layered glass facades 
should be interpreted as proof that planners have indeed 
recognized the importance of flexible external skin construc- 
tions and intend to make the most of the advantages they 
offer with regard to minimizing energy consumption and 
optimizing comfort. 22 

Single-layer and multi-layer she// mnstructions 
Another approach to classifkation is to analyse the layers 
in a building skinl whereby single-layer and multi-layer 
constructions are differentiated. In analogy to a structure 
composed of different lea& or skins, the selection of different 
layers can contribute towards creating a structural end 
product that is opdmked in terms of function. The goal is 
to provide comfort in the building's interior in the most 
energy-efficient manner, A typical example of a single-layer 
construction is an external wall executed in exposed 
masonry, in which the functions of heat insulation, weather 
protection and structural stability are performed by a single 
material. Constructions of this type rarely correspond to 
current insulation requirements; when such buildings are 
renovated the practice is therefore to install additional, 
rear-ventilated shells or a heat-insulating layer. Common 
examples of multi-layer constructions are external wall 
systems in masonry, with interior and exterior layers of 
pkiterl or non-ventilated flat roof constructions in which 
various layers consisting of different building materials are 
iinked into a solid composite layer. 

Tmsparent, tmnslucent, opaque 
In addition to had transfer and structural development, 
light- or radiation transmittance is the third, most important 
criterion that defines the form and function of the building 
skin. In terms of the energy household and the possibilities 
for direct use of solar energy, this criterion is vitally impor- 
tant but it has significant influence, too, in the area of 
daylight use and the greenhouse effect, as well as the risk 
of overheating in summer. Hence the potential for today's 
solar archiiecture should be studied specifically against 
this background. E& in the area of load-beating and non 
bad-bearing, as well as single- and multi-layered external 
wall cons~u~tions, there is a great variety of transparent 
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and translucent facade systems. This abundance of different 
functional characteristics makes it possible to carefully adapt 
M e  heat- and sun protection of the external skin to local 
conditions or individual requirements. Thus multi-iayered 
glass facade systems combine good sound insulation and 
wind protection properties with a high degree of transpar- 
ency, while the combination of translucent thermal insulation 
with massive thermal storage walls allows for a delayed 
use of the stored solar energy at night. Translucent facade 
components are increasingly popular for optimal daylight 
use; this function was provided even in the distant past 
by means of stretching animal skins and using thin 
alabaster- and onyx slabs. By developing new applications 
for old principles, such as the tremendous variety of sliding 
elements in traditional Japanese architecture, the design 
and functions! characteristics of the building skin can be 
opthized in the combination of transparent or t~ans!ucent 
and opaque componmts. 

The preceding paragraphs were devoted to creating an 
overview of the principal options for developing build&g 
skins that are hightf different in terms of function by mans 
of employing a wide range of constructions. When the 
options for combination are taken into consideration as we![, 
we are presented with a tremendous variety of different skin 
systems, which can be conceived in correspondence to 
the desired functionai requirements. At the same time, one 
has a clear sense of the enormous creative freedom that 
results from using vastly different materials, surface struc- 
tures, colours, formats and proportions. Stil!, constructional 
solutions should never be based exclus~vely on the categories 
mentioned at the outset; the aim should be to develop a 
building skin that fully satisfies all the aspects relating to 
function, design and ecology. To this end, it is irtdispensabie 
to establish a clear profile of the requirements, which the 
building skin must fulffl: 

What are the prevailhg external climate conditions, how 
do they change over the course of a year and a day and 
which local conditions must be considered with regard 
to the surrounding bui!t environment and the orientation 
of the facade- or roof surface? 
What are the user requirements for the internal room 
cfimate? Are there m y  particular internal loads (cooling 
!oads, contaminants or pollutants, etc.)? 

To respond optimally to user needs and simultaneously 
minimize energy consumption during construction and 
operation, the building skin must therefore always be 
considered in terms of its reciprocal interaction with the 
construction and the building services. The foliowing 
questions should be answered: 
* Is the buiiding skin adaptable to the changing needs 
of the user? 

m What is the profiie of the buiidingk total energy concept? 
Can storage masses compensate for extreme 
temperature fluctuations? 
What are the options for utilizing environmental 
energies? Are there specific options for the direct and/or 
indirect use of solar energy? Is it possible to design the 
building skin to provide the required air change by 
means of natural ventilation? Is there an option of 
eliminating excessive heat gains in summer via h e  
facade? Is there an option for integrated energy supply, 



e, g. by means of combined heat-power systems? 
Can materials with low primary energy contents be used? 
Do these materials require special protection, or do they 
have especially long life cycles? 

In addition to these functional and ecological issues, the 
design of the building skin plays an important role in improv- 
ing the quality of the site. Sustainable building skins are a 
matter of considering the conception of the building as a 
whole with a life cycle of many decades. 

The building skin of the future 

New forms of generating energy will influence the design of 
the building skin as much as future developments in how we 
work and in office technology. Research on new materials, 
manufacturing methods and facade components is vitally 
important. This may well revolutionize the performance- and 
image profile of the building skin in a manner comparable , 

to the invention of the float glass process in 1955. High- 
performance computers and new testing methods comple- 

- 

ment the options for glass applications in construction, 
advancing the production of transparent total-glass-struc- 
tures. The advanced development and optimization of 
synthetic materials exemplifies the potential changes, which 
the functional, structural and design characteristics of the 
building skin may undergo in the future. Thus the develop- 
ment of ETFE foils has made it possible to create multi- 
layered, wide-span membranes. The thermal properties of 
membrane structures were significantly improved, and 
transparent, extremely light and durable external wall and 
roof constructions became feasible (Fig. 2.15). Continued 
demand for high-performance and flexible facade systems 
will drive the development of the external skin from a static 
system to a multi-leaf and multi-layered building skin, 
equipped with manipulators. A variety of control functions, 
regulating thermal and visual comfort as well as the energy 
gain and consumption of buildings, will join and complement 
the traditional function of shelter. Hence, flexible skins are an 
increasingly important issue and the development of new, 
cost-efficient materials and components will play a slg- 
nificant role. Even today, electrochromic glazing can alter the 
radiation transmission by applying integrated charges, while 
thermotropic glazing systems metamorphose from a fully 
transparent into a milky white skin as temperatures rise. The 
integration of the building skin and the building mechanics is 
of vital importance in the goal to successfully translate and 
realize innovative facade concepts. The Mur neutralisant, 
invented by Le Corbusier as far back as 1929, was eventu- 
ally transformed into the modem ventilated facade as an 
example of linking building mechanics and external skin. 
This marked the beginning of a process in which the building 
mechanics were shifted to the external skin, thereby expand- 
ing its functional and visual scope. The self-regulating, 
polyvalent skin (Mike Davies), in which the many tasks of 
tile building skin are carried out by a thin, multi-layered and 
multi-functional external skin structure, is one of the visions 
that points to a possible direction in future developments. 
However, individually controllable skins can only be under- 
stood by their users and adjusted to their satisfaction, if 
they recognize the link between their actions and the impact 
on the building climate. In other words, the regulation and 
adaptability of the skin must be achieved with control 



systems that are intelligently planned and easy to operate. 
Aside from the primary sheltering functions of the building 
skin, to which we have repeatedly referred, the facade will 
also gain importance as an information medium. New 
developments in the area of diode technology, the use of 
HDS elements and new methods for coating glass surfaces, 
will ensure that this function is also addressed with renewed 
interest (Fig. 2.16). 
In view of the rapid development of new materials, planning 
instruments and production methods, as well as the count- 
less options for combining existing materials and systems, 
the possibilities for the building skin seem limitless. 
Thus new procedures for determining material hardness 
have made the use of renewable raw materials in the area 
of innovative load-bearing concepts possible. To advance 
the issue of the building skin with a view to creating truly 
sustainable and enduring architecture, planning must be 
goal-oriented, responsible and sensible. A high degree of 
technical and creative ability is essential. The enormous 
potential of the building skin must be realized from a struc- 
tural, functional, aesthetic and ecological perspective to 
promote advances in the development of architecture that 
is oriented towards the future. 
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