Building planning and design

4.1 Introduction

This chapter covers shape and size, the ‘body;] a;%i the ‘skin’ of the building and issues
of internal organization. It provides a basis for articulating the building on the site in
order to provide an energy efficient and comfortable internal environment.

4.2 Form

The orientation of a building may be fixed but if choice is possible it should face south
to take advantage of the Sun’s energy (Chapter 5). Total volume, too, is likely to be
prescribed and so, often, the first major design decisions are allocating volumes to
various activities and developing the form of a building.

Form 1s governed by a number of functional considerations that are discussed
below, and in more detail in the following chapters, and include:

— the use of the Sun’s energy and daylight (Chapters 5 and 8)
~ provision of views for occupants
— heat loss through the building envelope
— the need for ventilation (Chapter 9)
— acoustic attenuation if required.
ok
In the recent past, the glass blocks of Mies Van der Rohe epitomized an architecture
that shut out the natural environment and provided an acceptable internal environ-
ment through the use of considerable energy an sophisticated services.

The Queens Building at De Montfort (Chapter 13) is tﬁé’wa)ntithesis of this and
articulates the building both on plan and in section to respond to the environment and
make the best use of natural energy sources. The likelihood is that environmental
considerations will allow for freer forms and, thus, a welcome architectural diversity;
but before we can draw any conclusions about form we need to know more about how
buildings work.

4.3 The building ‘body’

An important consideration is how quickly a building responds to heat inputs
(internal and external), and this is related to the thermal conductivity of its materials,
the thermal mass (or heat capacity — both discussed above in Chapter 2), and, related
to these, the admittances of the elements of the construction.
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‘Théadryn‘_ittvar_jcer, ¥, of ‘a:/cpr;syruct(ional element, put simply, is the amount of energy
entering the surtf:icjey"of the element for eachv-d‘eszreé of temperature change just outside
the surface and, as such, has the same units as the U-value (W/m? Ky (Appendix B).
The admittance of a material depends on its thickness, conductivity; density, specific

heat and the frequency at which heat is put into it. (In addition to the admittance, the

response of building elements to energy cycles depends on the dé&rement factor and

the surface factor;' put simply, once again these factors are associated with time lagsin

energy flows, with the decrement factor representing the ‘damping’ effect of an ele-

ment’s response to an energy gain.) Considerably more technical explanations of
these concepts are to be found in References 1,2 and 3. Table 4.1 gives properties

of some constructions. ;

As can be seen from the table, dense constructions have higher admittances, which
is to say they absorb more energy for a given change in temperature. (One must be
careful, however, because for multilayer slabs, the admittance is determined primarily
by the surface layer; thus, a 300 mm slab with 25 mm of surface insulation will
respond more as a lightweight than as a heavyweight material).*

If a building absorbs a great deal of heat and only experiences a small temperature
rise it is said, in no very precise manner, to be thermally heavyweight. Such buildings
tend to have high admittances and a great deal of thermal mass, usually in the form of
exposed masonry. Lightweight buildings, on the other hand, may have thin-skinned
walls, false ceilings with lightweight panels, metal partitions and so forth. The
CIBSE? has tried to be more precise and has defined a heavyweight building as one_
whose ratio of admittance value to U-value is greater than 6; British Standard 8207,°

“on the other hand, uses a ratio of 10. The cor{cept matters more than the number.

The particular importance of these issues is in providing comfortable conditions in
the summer without the use of air conditioning. This is not simply a problem for
office buildings — countless schoolchildren in the UK were educated in the 1960s and
1970s in lightweight, underinsulaté’é’,’ soverglazed buildings that overheated in the
summer, particularly on the top floor in westerly-facing classrooms in the late
afternoon.

Table 4.1 Admittance and density of selected construction elements?

Item Admittance Density
(Wim? K) (kg/m’)

1. 220 mm solid brickwork, 4.6 1700
unplastered 2

2. 335 mm solid brickwork, 4.7 1700
unplastered

3. 220 mm solid brickwork with 3.4 1700 for brickwork
16 mm lightweight plaster 600 for plaster
200 mm solid cast concrete 5.4 2100
75 mm lightweight concrete block 1.2 600 for concrete
with 15 mm dense plaster on both 600 for plaster
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4.1 Energy exchange at
a window of 3 mm float
glass.'

* in the amount of heat wasted by a building

DESIGN

‘”‘people have left. The significance of thlS however depends on the bulldmg, and as

1nsulat10n standards increase and buildings become better sealed, there is a decrease

when all the occupants have left.
- Unfortunately, there are no definite rules; each building needs to be examined on

its own merits, and we shall return briefly to these considerations later in this chapter.

4.4 The building ‘skin’

Development of the building envelope or ‘skin’, is likely to be rapid in the next
decade or so. Technological i inrovation in glass Wﬂl allow window systems to respond
to environmental conditions in ways not previously commercially viable for buildings.
Sun-glasses which react to different light conditions are but a hint of the potential of
glass. e e

Bu1ld1ng envelopes obviously need to be durable, economical, aesthetlcally pleas-
in weathertlght structurally sound and secure. Psychologically, views out are very
important. Environmentally, the questions that need to be addressed are: how they
respond to solar radiation (both for the Sun’s heat and light), how ventilation is made
possible, how heat loss is minimized and how noise is controlled. The env. elope will, to
a large extent, determine how the internal environment is affected b\ the external
one.

Solar radiation

Figure 2.4 shows the speetral distribution of solar radis wtion, to which the components
of the envelope react in different ways. If we first consider theﬁgﬁgque elements, the
amount of radiation absorbed at the surface depends in part on the colour of the
surface. Lighter colours, of course, absorb less and reflect more of the incident
radiation (Table 2. 2)

oy/
Turning to translucent materials each one has a different characteristic, Figure 4.1
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ows the energy exchange for plain 3 mm float glass. The percentage of solar -
adiation transmitted by a window varies with wavelength, as shown in Figure 4.2.
Figui"e 4.2 shows that glass filters the Sun’s radiation much as the atmosphere does,
sorbing some of the UV and infrared and letting through much of the visible light.
glasshouse will let in a great deal of solar radiation but will not transmit much of v
he far infrared produced by the room, much as clouds block the Earth’s outgoingt}"
radiation. (See Figure 2.3 for an approximate spectrum of room radiation, Figure 4.2
-~ does not continue far enough to the right to show the reduced transmission of clear
float glass at longer wavelengths.)

The amount of radiation that enters and exits a room can be controlled to a certain
extent by altering the components of the glass, by using several layers of glazing, by
app‘lr)g’x,g fpo%c.ilz_%/coatings and filling the spaces between the panes with various gases,
or by evacyuating them; an example of the altered transmission characteristics is seen
in the graph in Figure 4.2.

The heat loss from any building element is related to its U-value (Appendix B).

U-values for different glazing types along with transmission and acoustic character—
istics are shown in Table 4.2. (Note that this is for glazing alone; a more precise
analysis would be needed to take the frame into account.)

The table shows that there is some loss of light and solar radiant heat as the
U-value improves. However, in most applications this is not a significant disadvantage
compared with the benefits obtained. It also shows that direct solar transmittance is
not the same as direct light transmittance, and this suggests possibilities for glass
development. In the summer, for example, an ideal glass would transmit light (to
reduce the need for artificial lighting) but no other part of the solar spectrum (to keep
the space cooler). In the winter both light and heat are likely to be advantageous.

Stmilarly, in the winter a very low U-value saves energy. If, in the summer, the

internal temperature is above the external — as often occurs in lightweight, non-air-

conditioned buildings — a high U-value would help get rid of the heat. Glasses whose = /\< =
characteristics can be altered have enormous potential. =

Energy loss through a window depends particularly on internal and external tem-
peratures and is independent of orientation. Energy gain, on the other hand, obvi- ,
ously depends on direction because of the Sun. Appendix A gives a selection of solar 7 - >
data. When solar radiation data is used with internal and external temperatures it is : .
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