
Outside 

Conditions specific to the location 

• 
• 
• 
• 
• 

Facade 

temperature severe 
solar radlatlonl 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

minimal 

fluctuations 

internally 

hUmtdity fluctuations in 

1)i'eclpitation external climate 

wind 

sources of noise in the surroundings 

amount of gas and dust 

mechanical loads 

electromagnetic radiation 

urban/formative surroundings 

local resources 

socio-cultural context 

Supplementary measures 

with a direct effect 

thermal insulation 

sunshading 

(e.g. shutters, blinds, brise-solei l, lamellas) 

measures influencing 

the microclimate 

(e.g. vegetation, bodies of water) 

Supplementary building services 

external collectors 

photovoltaics 

heat pipes, heat sondes, etc. 

Protective functions by way of permanent 

and also variable conditions 

(increasing or reducing the effect) 

insulation/attenuation 

seals/barriers 

fi lters 

storage 

redirection 

physical barriers 

Regulatory functions 

controlling/regulating 

responding/changing 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Facades with integral services 

integral air/water collectors 

solar walls 

media transport/distribution 

heat recovery 

• 
• 
• 
• 
• 

Inside 

Requirements 

[ 

comfortable temperature/humidity range 

amount and quality of light (lighting environment) 

air exchange rate/fresh air supply at 

comfortable air velocity 

comfortable sound level 

visual relat ionship with external surroundings 

demarcation between private and public zones 

protection against mechanical damage 

fire protection if necessary 

limitation of toxic loads 

Supplementary measures 

with a direct effect 

antiglare protection 

privacy provisions (e.g . curtains) 

red irection of daylight 

utilisation of internal component (floors, 

walls, ceilings) for storing and later release 

of energy for heating/cooling 

Supplementary building services 

convectors/radiators 

artificial lighting 

air conditioning (centralised/decentralised) 

A1.1 

A 1 Internal a 
external c 
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A 1 Internal and 
external conditions 
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The facade is the separating and filtering layer 
between outside and inside, between nature 
and interior spaces occupied by people. In 
historical terms, the primary reason for creating 
an effective barrier between interior and exterior 
is the desire for protection against a hostile 
outside world and inclement weather. Diverse 
other requirements have been added to these 
protective functions: light in the interior, an 
adequate air change rate, a visual relationship 
with the surroundings but, at the same time, a 
boundary between the private sphere and 
public areas. Special measures make it possible 
to regulate such openings. So this leads to 
control and regulatory functions being added 
to the protective functions. 

All of these requirements can be divided into 
two groups, depending on how the facade is 
being considered: the external conditions 
specific to the location and the requirements 
governing the internal conditions. The general 
aspects can also be subdivided into numerous 
individual requirements. A comprehensive 
understanding of these fundamentals and their 
interdependence form the foundation for taking 
decisions during the design and construction of 
a facade. 

The demands placed on the facade from 
outside and inside 

As a rule, the external conditions cannot be 
influenced by the design. They therefore 
represent a primary criterion even at the stage 
of choosing a plot of land. Specific, unique 
external conditions prevail at every location. 
These require careful analysis because their 
nature and intensity varies according to district, 
region, country and continent. In addition, the 
direct surroundings and microclimate play a 
distinct role. Besides the climate specific to the 
location, with defined, statistically calculated 
amounts and distribution of precipitation (rain , 
snow and hail), other factors (e.g., a neigh
bouring industrial estate with higher levels of 
noise and odour-laden air) call for special 
measures in the design of the facade. 

On the other hand, the requirements placed on 
the internal conditions are not defined right at 
the start but are instead determined during the 
design phase by way of a catalogue of 
requirements which is drawn up bearing in 
mind the intended use of the interior. Accurate 
knowledge of these targets is crucial to the 
success of the design because they directly 
influence the construction. They determine the 
amounts of energy and materials required for 
construction and operation in the long term. 
The requirements placed on the interior climate, 
which are essentially determined by the term 
"comfort" (see p. 22, fig. 1.12), are in certain 
circumstances supplemented by far-reaching 
measures derived from various other quality 

Internal and external conditions 

What specific, local external conditions 
will be encountered? 

What requirements will be placed on 
the Tntemal condiUons? 

t 
What wi ll the resulting functions and tasks 

be for the facade? 

l 
Can the requirements be met by supplementary, 

directly effective measures? 

l 
Must additional bui lding services be installed 

to meet the requirements? 
Will their integration into the facade bring about an 

optimisation of the overall system? 

A 1.2 

A 1.1 Requirements placed on the facade from inside 
and outside; protective, regulatory and 
communication functions; supplementary passive 
measures and build ing services 

A 1.2 Key issues/Procedures for determin ing boundary 
conditions and requirements 

demands, such as the desire for high artistic 
merit, or special security against intruders. 
These conditions and requirements, illustrated 
graphically in fig. A 1.1, mean that the facade 
has to provide protective and regulatory 
functions. The former is essentially protection 
against the intensity of external influences, 
primarily those of the weather. The latter 
regulates as necessary to achieve an 
acceptable interior climate as required, aiming 
for "thermal comfort" (seep. 22). 

If we see the facade as the human body's 
"third skin" (after that of the body itself and our 
clothing), the analogy of the design objective 
becomes clear: the fluctuations of the external 
climatic conditions on our bodies have to be 
reduced by each of these functional layers in 
turn in order to guarantee a constant body 
temperature of approximately 37"C. However, 
the climatic conditions also give rise to require
ments that cannot be exclusively allocated to 
either side; rather, they are due to the differ
ence between inside and outside. They lead to 
mechanical loads on the materials of the 
facade and the construction details, and are 
primarily the result of temperature, moisture 
and pressure differentials. Such loads must be 
accommodated by suitable means such as 
expansion joints and flexible connections. 
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Internal and external conditions 

The efficiency of a facade 

A facade should be able to handle climate-
50 . related tasks as comprehensively as possible 

because this allows additional measures such 
as air conditioning, to be minimised and even 
omitted altogether. To achieve this design 
objective, knowledge of the relevant physical 

-/ I .. r ~ "-<--i so • principles is indispensable. 

go 0 45 .. o• 

Supplementary measures with a direct effect 
can assist this task on both sides of the facade. 
For instance, it is possible to "activate" other 
components inside the building; e.g., by interim 

~'" 1 1 25 o storage of energy in walls and floors. 

"'" (',~~-;">,d 100 

go 0 

East South-east South South-west West 

Open bodies of water for cooling (due to 
evaporation) or dehumidifying (with a sufficient 
water-interior air temperature differential) can 
be employed externally or in intermediate 
zones. Suitable measures allow the energy 
peaks to be cushioned to be used otherwise. 
The heat radiation against which the building 
has to be protected can, for example, be con
verted into electricity or absorbed by collectors 
and used for hot water provision. The same is 
true for the use of higher external temperatures, 
wind and precipitation. 
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A 1.3 Solar trajectory diagram (50°N) 
A 1.4 Incident radiation on south-facing surfaces with 
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A 1.5 Incident radiation on vertical surfaces facing in 

different compass directions 
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A 1.6 Total radiation on to wall surfaces facing in 
various directions on sunny days at various times 
of the year 
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The other requirements that cannot be ade
quately handled by construction measures 
must be dealt with by installing the necessary 
building services. These regulate temperature, 
lighting levels, air quality, air change rates and 
humidification/dehumidification. However, such 
supplementary technical measures always re
quire additional energy and call for expensive 
maintenance, elaborate means to convey 
media, and so on. 

We can incorporate technical facilities for such 
requirements directly into the facade (seep. 13). 
When the equipment required is not installed in 
central plant rooms but rather in the facade 
directly where it is required, it is referred to as 
"decentralised facade services". 

Apart from the above influencing factors, we 
also have to employ a similar approach to 
conditions resulting from the context of the 
building as a whole. These include dimensional 
coordination, constructional interdependencies, 
tolerances and erection sequences. These 
aspects will be dealt with in later chapters. 

External conditions: solar radiation 

In terms of specific local external conditions, 
the Sun plays the key role. It is the most impor
tant direct and indirect source of energy and 
the foundation for all life on our planet. The 
quantity of solar energy incident on the Earth is 
equivalent to approx. 10,000 times the current 
global energy demand (an average energy flux 
of 1353 W is incident on every square metre of 
the outer limits of the Earth's atmosphere), and 

on a human scale is inexha 
environmentally friendly. In 
utilise this source of energy 
consider the intensity and c 
in conjunction with the orier 
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on our planet. The 
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0,000 times the current 
(an average energy flux 

n every square metre of 
arth's atmosphere), and 

on a human scale is inexhaustible, free and 
environmentally friendly. In order to be able to 
utilise this source of energy, it is vital to 
consider the intensity and duration of radiation 
in conjunction with the orientation and 
inclination of the facade. 

Facade design also calls for a thorough 
analysis of the following aspects and 
relationships : 

solar altitude angle in relation to location, 
time of day, and season 
quantity of radiation, depending on orienta
tion and inclination of surface, location, time 
of day, and season 
the various types of radiation {diffuse, direct 
and various wavelengths) and their magni
tudes in relation to weather conditions, orien
tation , location, time of day, and season 
the interaction with surfaces and materials 
the anticipated quantities of incident energy 
in relation to weather conditions, orientation, 
location, time of day, and season 
the relationship of the radiation with the heat 
requirement resulting from the intended 
utilisation. 

Figs A 1 .3-1 .11 illustrate a selection of the 
important relationships. 
For example, in Germany, we can take the 
following values for the available solar radiation 
as our startiflg point: 

1400--2000 sunshine hours/year 
700--800 sunshine hours/heating period 

The proportion of diffuse radiation related to 
the total available solar radiation in a year is 
approximately: 

South facade 
East and West facades 
North facade 
(100% =direct radiation ) 

30% 
60% 
90% 

However, the available solar radiation also 
embodies certain risks for humans (over
heating, premature aging of the skin, skin 
cancer) which we have to protect ourselves 
against in suitable ways. 

Thermal comfort 

The internal climatic conditions have to meet 
certain requirements , which can be summed 
up by the term "thermal comfort". 
The relevant influencing factors related to the 
construction of the facade are (fig. A 1.12): 

temperature of interior air (a) 
relative humidity of interior air (b) 
surface temperature of building components 
enclosing the room (c) 
airflow across the body (d). 
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A 1. 7 Heat requirement/Hours of sunshine (schematic) 
A 1.8 Intensity of radiation (daily average) for central 

Germany (50°N) 
A 1.9 Measured surface temperatures on a sunny day 

for south-facing facade surfaces of various 
colours 

A 1.10 Principle of projection diagram for solar 
trajectories 

A 1.11 Local distribution of annual global radiation in 
Germany (kWhlm2 ] 
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Internal and external conditions 
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A 1.12 Factors influencing thermal comfort: 
a temperature of interior air 
b relative humidity of interior air 
c surface temperature of building components 
d airflow across the body 

A 1.13 Comfort zone in relation to air temperature and 
average (only slightly differing) surface tempera
ture of enclosing walls (after Reiher and Frank) 

A 1 .14 Comfort zone in relation to air temperature and 
relative humidity (after Leusden and Freymark) 

A 1.15 Room temperature/Air movement 
Comfort zone in relation to air temperature and 
air movement (after Rietschei-RaiB) 

Applicable ranges for figs. A 1 .13-1.15: 
• relative humidity from 30 to 70% 
• air movement from 0 to 20 cm/s 
• essentially equal temperatures of 19.5 to 23'C 

for all surfaces enclosing the room 

These quantifiable variables- in conjunction 
with region, habits, clothing, activities and 
individual sensitivity- determine the level of 
thermal comfort. The ranges in which the values 
of the individual influencing factors should fall 
are called "comfort zones" (figs. A 1.13-1.15). 
There are no fixed target values for any of these 
variables; they are all mutually dependent on 
each other. The room air temperature and the 
average radiation temperature of the surfaces 
enclosing the room are both roughly equally 
responsible for the "perceived room tempera
ture". The term "comfort" is increaSingly taking 
on an interpretation which goes beyond purely 
climatic requirements: 

"lighting environment" and "visual comfort" -
quantity and quality of light and luminance 
contrast (antiglare protection) 
hygiene comfort (low level of hazardous 
substances and odours) 
acoustic comfort (noise level) 
electromagnetic compatibility. 

Even psychological factors (e.g. materials, 
colours) and cultural aspects play a role here 
and should be taken into account. 

Underlying physical principles 

To understand the functions of the facade, we 
must look at the scientific principles of the 
construction, e.g. heat flow, water vapour 
pressure, radiation transfer (fig. A 1.16). 

Heat transfer 
Thermal energy always flows from the hotter 
(higher-energy) side to the colder side. Three 
basic principles govern the transfer of heat 
energy (fig. A 1.17): 

conduction 
radiation 
convection. 

The thermal transmittance- U-value (W/m2K) -
can be calculated for planar components. 
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A 1.16 A selection of the basic scientific principles 
affecting the building 

A 1.17 The principles of heat transmission 
A 1 .18 Volume-related heat capacity of selected 

materials 

Thermal conductivity and heat capacity 
Both of these factors depend on the properties 
of the material and generally increase with bulk 
density. However, the heat capacity of water 
represents a clear exception in comparison with 
common building materials (fig. A 1.18). 

Relative humidity 
Air can absorb water vapour until it reaches its 
saturation point, which depends on the temper
ature. We therefore speak of the "relative 
humidity" (of the air). Moist air is fractionally 
lighter than dry air at the same temperature . 

Water vapour pressure 
Water vapour flows from the side with the higher 
vapour pressure (partial pressure) to the side 
with the lower pressure. If there is a 
simultaneous severe temperature gradient, the 
temperature drops below the dew point and the 
water condenses out of the air (and hence leads 
to the risk of condensation collecting on 
surfaces and mould growth). 

Radiation transfer 
Radiation incident on a component is reflected, 
absorbed or transmitted (fig. A 1.16, p. 22). 
The heat radiation behaviour essentially depends 
on the properties of the surface of a material, 
especially its colour (fig. A 1.9, p. 21 ). 

The underlying principles governing wind, 
thermal currents and natural ventilation 

Currents of air in the atmosphere (wind), the 
interaction via openings linking inside with out
side, and thermal effects in the boundary air 
layers are phenomena that affect every building; 
they represent another external condition. Since 
the specific local weather and wind conditions 
vary considerably in terms of severity and direc
tion (fig. A 1.24) , only statistical values can be 
incorporated in the design. 
The currents of air that ensue due to the geo
metric properties of bodies in specific wind situ
ations can only be investigated in wind tunnel 
tests and by means of dynamic, highly complex 
flow simulations. However, basic principles of 
facade design also play a role, as these are 

A 1.1 g Hot air is lighter and rises 
A 1.20 Positive and negative pressure effects as air flows 

around a building 
A 1.21 Wind speeds increase with height above ground 

level 
A 1.22 A radiation-permeable leaf in a facade al lows the 

air in the cavity to heat up so that it then rises 
("stack effect") 

A 1 .23 Geometric solutions to improve the air flow 
A 1.24 Wind: reg ional frequencies and directions taken 

as an annual average for the city of Munich 
Wind speed: 
a up to 3 m/s 
b more than 3 m/s 

based on fundamental thermal principles (figs. 
A 1.19-1.23). 
The aim of the facade design should be to en
able natural ventilation of the building wherever 
possible. This approach can minimise the risks 
associated with the well-publicised "sick 
building syndrome" [1]. In this respect, the 
following problems associated with natural 
ventilation should be avoided as far as 
possible: 

• increased heat requirement 
• too high interior air temperatures in summer 
• draughts in the building 
• too low interior humidity in winter 
· inadequate ventilation in calm air 

The more the air heats up (i.e. absorbs energy), 
the faster the gas molecules move (fig. A 1.19). 
The air pressure rises, the air becomes less 
dense and hence lighter per volumetric unit, 
and it rises. In an enclosed room, this therefore 
results in different air temperatures, with a layer 
of warmer air at the top and cooler air below. 
Objects create an obstacle to the flow of air, 
splitting up the current of air as it flows past 
(fig. A 1.20). Besides creating turbulence, this 
also leads to higher air pressure on the wind
ward side of the building and lower relative 
pressure (suction) on the leeward side. We 
should remember that the direction of the wind 
fluctuates considerably (fig . A 1.24) and that 
such effects can change very quickly. 
Near the ground, wind speeds are generally 
lower due to the interaction with the surface 
(roughness) and obstacles (fig. A 1.21 ). The 
wind speed -and hence wind pressure and 
suction -increases with the height of the 
building. 
If radiation energy passes through a trans
parent or translucent layer before striking a 
building component separated from this outer 
leaf by an air layer, the component heats up 
due to the absorption process (fig. A 1.22). It 
transfers part of this heat energy to the air in 
the cavity, which heats up and rises (similar to 
fig. A 1.19); the air starts to circulate. This 
effect is reinforced when the air can escape at 
the top of the cavity and is replaced by air 
flowing in at the bottom. Objects with suitable 
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shapes can exploit the available incident air 
flows around a building to generate an addi
tional negative pressure (fig. A 1.23) and there
fore reinforce the stack effect, or even to accel
erate the dissipation of hot air from rooms at a 
lower level. 

The underlying principles of sound 
transmission 

At the facade, sound is both an external 
condition and an internal requirement (acoustic 
insulation) because sources of sound can be 
on either or both sides of the facade. 
Sound insulation calls for especially careful 
design and workmanship because the trans
mission of sound can take place even across 
minimal acoustic bridges. Sound waves propa
gate in roughly spherical form through the air 
from the sound source and into the interior 
(airborne sound, fig. A 1.25). They are reflected 
to a greater or lesser extent by all the surfaces 
enclosing the room and by all the objects in the 
room. The smoother and harder the surface, 
the less distorted and more complete is the 
reflection. 

If a solid material is caused to vibrate, e.g. by 
mechanical influences (footsteps on the floor), 
sound waves propagate through the building 
components (structure-borne sound, fig. A 1.26). 
When a solid body is excited by airborne 
sound, structure-borne sound propagates 
within the body (fig. A 1.27). This can in turn 
excite the layer of air on the other side, which 
then transmits the waves again in the form of 
airborne sound. 

Sound waves can travel great distances in the 
form of structure-borne sound transmissions 
(fig. A 1.28). If the "solid" components of a 
building are joined together, sound may in some 
circumstances propagate throughout the entire 
building by this means. We speak then of 
"flanking transmissions". 

One possible strategy to combat airborne 
sound transmission is to increase the mass of 
the components (fig. A 1.29). The object is 
made as heavy as possible and so given a 
high inertia, i.e., it consists of a material with a 
high density and therefore airborne sound 
waves cause it to vibrate only to a limited 
extent. Another way of dealing with airborne 
sound transmission is to provide an efficient 
seal (fig. A 1.30), which prevents the airborne 
sound propagating directly through "leakage 
points" such as joints, gaps and seams. There 
is also the possibility of attenuating airborne 
sound transmission by using a double-leaf 
construction with an insulated cavity (fig. 
A 1.31 ). This approach is particularly efficient 
when the two leaves have different thicknesses 
and weights, and hence exhibit unequal natural 
frequencies. However, the success of such 
measures should not be put at risk by including 

rigid fixings between the two leaves (principle: 
mass-spring-mass). Other aspects of sound 
insulation are dealt with in chapter A 3 "Plan
ning advice for the performance of the facade" . 

Practical realisation 

The aforementioned internal and external con
ditions, the resulting functional requirements 
and the underlying thermal, acoustic and other 
scientific principles give rise to a directly re
lated interaction between the building compo
nents chosen for the facade construction. 

Due to, for example, transmission, a radiation
permeable component leads to an energy gain 
inside the building (fig. A 1.32). When the 
radiation strikes surfaces in the interior, part of 
the energy is transferred to the material by way 
of absorption and from there continues to be 
transmitted by way of conduction (fig. A 1.33). 
Another part is "stored" in accordance with the 
heat capacity of the material. The energy is 
returned to the room by way of radiation after a 
time-lag, the length of which depends on, 
among other parameters, the thermal conduc
tivity specific to the material (fig. A 1.34). Care
ful choice of materials and component sizes 
can help to exploit this effect to even out 
temperature peaks without needing· to intro
duce further energy in the form of heating or 
cooling. 

Convection processes enable energy to be 
transferred between inside and outside by 
regulating or controlling the ventilation (fig. 
A 1.35). This can take place in both directions. 
Skilful use of thermal effects can render mechan
ical ventilation totally unnecessary (e.g. figs. 
A 1.19, 1.22, 1.23). 

Greenhouse effect 
When high-energy short-wave solar radiation 
strikes surfaces in the interior, a major part of 
the energy is released into the interior in the 
form of diffuse, long-wave radiation in the 
infrared range (fig. A 1.36, p. 25), where it 
contributes to heating up the interior air and 
other surfaces. The very low radiation perme
ability of the building envelope in the long-wave 
range (in simple greenhouses, for example, 
glass, but primarily layers of insulation or 
thermally insulating double or triple glazing, 
possibly with additional coatings to enhance 
this effect) prevents the radiation from escap
ing. It is therefore "captured" in the room and 
we speak of the "greenhouse effect". 

If this effect is desirable, it is possible to in
fluence the degree of efficiency by aligning the 
radiation-permeable surface with the source of 
the radiation (i.e. usually the orientation with 
respect to the Sun) and hence changing the 
associated angle of incidence of the radiation 
(fig. A 1.37). 
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The shallower the angle of incidence, the 
greater the proportion of reflected radiation, 
which does not enter the interior (fig. A 1.36). 
With an angle of incidence of 90°, only a mini
mal proportion is reflected from the surface. 
The exact magnitude of this reflected compo
nent- like the absorption component- is a 
variable specific to the material, which can be 
modified by means of additional measures, e.g. 
coatings (see B 1.6 "Glass", p. 186). 

Opening and angle of incidence 
The quantity of radiation entering through open
ings (of identical size and identical orientation) 
varies considerably depending on the angle of 
incidence (fig. A 1.37). This effect, in conjunc
tion with seasonal variations of the solar altitude 
angle, plays a decisive role in the design of 
openings and sunshading systems (see A 2.2 
"Edge treatments, openings", pp. 40-42) . 

Consequences for the plan layout/zoning 
The arrangement of the rooms according to the 
principle of "thermal onion" can influence the 
requirements to be met by the facade even 
during the early planning of the interior layout. 
Rooms requiring a higher temperature are 
surrounded by areas with less stringent require
ments (fig. A 1.38). These "buffer zones" gener
ally allow the heating and/or cooling loads to 
be reduced effectively. 

One consequence of the trajectory of the Sun is 
that it can be useful to gain solar energy by 
exploiting the greenhouse effect and 
"capturing" the solar radiation in a projecting 
zone (according to fig. A 1.39) with interior 
surfaces designed to store heat. In Central 
Europe, the north elevation can hardly be used 
for solar gains and this should therefore be 
insulated accordingly. However, this concept 
readily leads to overheating, primarily in 
summer, and therefore calls for appropriate 
shading and ventilation provisions. 

Notes 

[1] For further information about "sick building syndrome" 
see: Dompke, Mario, et al . (ed.): Sick Building 
Syndrome, 2nd Proceedings from the 1996 workshop 
in Holzkirchen, published by Fraunhofer Institute for 
Building Physics and Bundesindustrieverband 
Heizungs-, Klima-, Sanitiirtechnik e.V., Bonn, 1996. 
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