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This book provides architects and designers with a concise
source of core information needed to form a framework for
the detailed planning of any building project. The objective is
to save time for building designers during their basic inves-
tigations. The information includes the principles of the
design process, basic information on siting, servicing and
constructing buildings, as well as illustrations and descrip-
tions of a wide range of building types. Designers need to be
well informed about the requirements for all the constituent
parts of new projects in order to ensure that their designs
satisfy the requirements of the briefs and that the buildings
conform to accepted standards and regulations.

The extended contents list shows how the book is orga-
nised and the order of the subjects discussed. To help read-
ers to identify relevant background information easily, the
Bibliography (page 589) and list of related British and inter-
national standards (page 595) have been structured in a way
that mirrors the organisation of the main sections of the
book.

To avoid repetition and keep the book to a manageable
tength, the different subjects are covered only once in full.
Readers should therefore refer to several sections to glean all
of the information they require. For instance, a designer
wanting to prepare a scheme for a college will need to refer to
other sections apart from that on colleges, such as -
draughting guidelines; multistorey buildings; the various
sections on services and environmental control; restaurants
for the catering facilities; hotels, hostels and flats for the
student accommodation; office buildings for details on
working environments; libraries; car-parks; disabled access
{in the housing and residential section); indoor and outdoor
sportsfacilities; gardens; as well as details on doors, windows,
stairs, and the section on construction management, etc.

Readers should note that the majority of the material is
from European contributors and this means that the detail
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on, for example, climate and daylight is from the perspective
of a temperate climate in the northern hemisphere. The
conditions at the location of the proposed building will
always have to be ascertained from specific information on
the locality. A similar situation is to be seen in the section on
roads, where the illustrations show traffic driving on the
right-hand side of the road. Again, local conditions must be
taken into consideration for each individual case.

The terminology and style of the text is UK English and this
clearly will need to be taken into account by readers accus-
tomed to American English. These readers will need to be
aware that, for example, ‘lift' has been used in place of
‘elevator’ and ‘ground floor’ is used instead of ‘first floor’
{and “first floor’ for ‘second’, etc.).

The data and examples included in the text are drawn from
a wide range of sources and as a result a combination of
conventions is used throughout for dimensions. The mea-
surements shown are all metric but a mixture of metres,
centimetres and millimetres is used and they are in the main
not identified.

Readers will also find some superscript numbers asso-
ciated with the measurements. Where these appear by
dimensions in metres with centimetres, for instance, they
represent the additional millimetre component of the mea-
sure (e.g. 1.26° denotes 1m, 26cm, 5 mm). Anybody familiar
with the metric system will not find this troublesome and
those people who are less comfortable with metric units can
use the Conversion Tables given on pages 611 to 627 to
clarify any ambiguities.

The plans and diagrams of buildings do not have scales as
the purpose here is to show the general layout and express
relationships between different spaces, making exact scaling
unnecessary. However, all relevant dimensions are given on
the detailed drawings and diagrams of installations, to assist
in the design of specific spaces and constructions.



The Publishers wish to thank, in particular, Dr Bousmaha
Baiche, of the Postgraduate Research School, School of
Architecture, Oxford Brookes University, for his enormous
efforts and patience in overseeing the final English language
edition. They would also like to thank his colleague, Dr
Nicholas Walliman, also of the Postgraduate Research
School, for his valuable contribution on questions of content
and terminology.

The Publishers are also especially grateful to Paul Stringer
for his efforts in managing the editorial and production work
on the new edition and for his exceptional attention to detail.

They would also like to thank Mark Straker of Vector for his
work on the illustrations and text, Richard Moore for proof-
reading, and the following for their work on the translation:
Bantrans Services, Chris Charlesworth, Chiltern Language
Services, Katharina Hesse, Jeff Howell, Keith Murray, Amy
Newland and Wordswop.

Finally, they would like to thank the following for con-
tributing information and illustrations to this edition:

Martin Pugh, Trevor Fish, Group Property Services, Barclays
Bank Plc

Peter J. Clement, Group Property, NatWest Group

Mary Heighway and members of staff, Public Relations,
Environment Agency

Pick Everard, Graham Brown, Andrew Robinson, Pick Ever-
ard (Architects, Surveyors, and Consulting Engineers) and
J. Sainsbury’s Plc

Asda/WCEC Architects

Lesley Baillie, Office of Health Economics

ACKNOWLEDGEMENTS

Simon Marshall, railway expert

Stanley Partnership, Architects, Cheltenham

Maicom Lee, National Small-Bore Rifle Association {NSRA)

British Steel Strip Products

Matthew Foreman, Katy Harris, Jo Olsen and members of
staff, Foster and Partners, London

Liza Kershaw and colleagues at RIBA Publications, the Royal
Institute of the British Architects for permission to repro-
duce forms on page 48 {copyright RIBA Publications 1999)

Derek Wolferdale, Principal Track and Gauge Engineer at
Railtrack, and members of staff of Railtrack

Graeme Loudon, The Met. Office

Pam Beckley {Copyright Administrator), the Controller, and
members of staff of the Copyright Unit, HMSO for per-
mission to reproduce illustrations (Fig. 1, page 541 and Fig
8, page 542) from Health Building Note 36 {Crown copy-
right material is reproduced with the permission of the
Controller of Her Majesty’s Stationery Office)

Addison-Wesley Longman for permission to reproduce
illustrations (Fig. 1, page 101 and Fig. 15 page 154} from
The Climate of the British Isles {Chandler & Gregory)

Dr Ray Ogden, Professor Mike Jenks, Margaret Ackrill,
Postgraduate Research School, School of Architecture,
Oxford Brookes University

Chris Kendrick, School of Architecture, Oxford Brookes Uni-
versity.

The illustrations on pages 134-7 are reproduced from The
Building Regulations Explained and lllustrated (Powell-
Smith & Billington), Blackwell Science Ltd.

e
&
-
&
-
o
a
-
o
]
]
]
s
<




Throughout history man has created things to be of
service to him using measurements relating to his body.
Until relatively recent times, the limbs of humans were
the basis for all the units of measurement. Even today
many people would have a better understanding of the
size of an object if they were told that it was so many men
high, so many paces long, so many feet wider or so many
heads bigger. These are concepts we have from birth, the
sizes of which can be said to be in our nature. However,
the introduction of metric dimensions put an end to that
way of depicting our world.

Using the metric scale, architects have to try to create
a mental picture that is as accurate and as vivid as
possible. Clients are doing the same when they measure
rooms on a plan to envisage the dimensions in reality.
Architects should familiarise themselves with the size of
rooms and the objects they contain so that they can
picture and convey the real size of yet-to-be designed
furniture, rooms or buildings in each line they draw and
each dimension they measure.

We immediately have an accurate idea of the size of an
object when we see a man (real or imaginary) next to it. It
is a sign of our times that pictures of buildings and rooms
presented in our trade and professional journals are too
often shown without people present in them. From
pictures alone, we often obtain a false idea of the size of
these rooms and buildings and are surprised how
different they appear in reality — frequently, they seem
much smaller than expected. One of the reasons for the
failure of buildings to have cohesive relationships with
one another is because the designers have based their
work on different arbitrary scales and not on the only true
scale, namely that of human beings.

If this is ever to be changed, architects and designers
must be shown how these thoughtlessly accepted
measurements have developed and how they can be
avoided. They have to understand the relationship
between the sizes of human limbs and what space a
person requires in various postures and whilst moving
around. They must also know the sizes of objects,
utensils, clothing etc. in everyday use to be able to
determine suitable dimensions for containers and
furniture.

In addition, architects and designers have to know
what space humans need between furniture — both in the
home and in the workplace - as well as how the furniture
can best be positioned. Without this knowledge, they will
be unable to create an environment in which no space is
wasted and people can comfortably perform their duties
or enjoy relaxation time.

Finally, architects and designers must know the
dimensions for minimum space requirements for people
moving around in, for example, railways and vehicles.
These minimum space requirements produce strongly
fixed impressions from which, often unconsciously, other
dimensions of spaces are derived.

Man is not simply a physical being, who needs rocom.
Emotional response is no less important; the way people
feel about any space depends crucially on how it is
divided up, painted, lit, entered, and furnished.

Starting out from all these considerations and
perceptions, Ernst Neufert began in 1926 to collect
methodically the experiences gained in a varied practice
and teaching activities. He developed a ‘theory of
planning’ based on the human being and provided a
framework for assessing the dimensions of buildings and
their constituent parts. The results were embodied in this
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book. Many questions of principle were examined,
developed and weighed against one another for the first
time.

In the current edition up-to-date technical options are
included to the fullest extent and common standards are
taken into consideration. Description is kept to the
absolute minimum necessary and is augmented or
replaced as far as possible by drawings. Creative building
designers can thus obtain the necessary information for
design in an orderly, brief, and coherent form, which
otherwise they would have to collect together laboriously
from many reference sources or obtain by detailed
measurement of completed buildings. Importance has
been attached to giving only a summary; the fundamental
data and experiences are compared with finished
buildings only if it is necessary to provide a suitable
example.

By and large, apart from the requirements of pertinent
standards, each project is different and so should be
studied, approached and designed afresh by the architect.
Only in this way can there be lively progress within the
spirit of the times. However, executed projects lend
themselves too readily to imitation, or establish
conventions from which architects of similar projects may
find difficulty in detaching themselves. If creative
architects are given only constituent parts, as is the
intention here, they are compelled to weave the
components together into their own imaginative and
unified construction.

Finally, the component parts presented here have been
systematically researched from the literature to provide
the data necessary for individual building tasks, checked
out on well-known buildings of a similar type and, where
necessary, determined from models and experiments.
The objective of this is always that of saving practising
building planners from having to carry out ail of these
basic investigations, thereby enabling them to devote
themselves to the important creative aspects of the task.




UNITS AND SYMBOLS

"
-
! basic unit definition Sl units in symbol name {unit} meaning and relationships
- unit symbol based on the definition
= ! ampere {(A) current
1length metre m wavelength_of v volt (V} potential difference: 1V = 1 W/A
ﬁ krypton radiation
- R ohm (L2} resistance: 14 =1 WA
2 2 mass kilogram kg international a coulomb (C} charge: 1C=1As
° prototype
P watt (W) power
[ ] 3 time second s duration period of G siemens (S} conductance: 1S = 1/£
caesium radiation )
. F farad (F) capacitance: 1 F = 1 As/V
: 4 e!ectrlctal ampere A gle;ctrodytnamic pgweir kg, m, s H henry (H) inductance: TH = 1 Vs/A
T curren etween two conductors @ weber (Wb} magnetic flux: 1 Wb = 1 Vs
(1} S temperature kelvin K triple point of water 8 tesla (T) magnetic flux density: 1 T = 1 Wb/m?
a 6 luminous candela cd radiation from freezing kg, s
‘ intensity platinum
[ . @ Symbols and units: electromagnetism
a 7 quantity of mole mol number of carbon atoms kg
matter
symbol (unit) meaning
@ Sl basic units
t °C, K) temperature
(note: intervals in Celsius and kelvin are identical)
The statutory introduction of S| Units took place in stages between 1974 and 1977. At (K) temperature differential
As from 1 January 1978 the International Measurement Systermn became valid using
Si Units (SI = Systéeme Internationale d'Unités). q (J) quantity of heat
tatso measured in kilowatt hours (kWh))
A {W/mK} thermal conductivity {k-value}
prefixes and their abbreviations are: » (W/mK) equivalent thermal conductivity
T {tera) =102 (biltion) ¢ {centi} = 1/100 (hundredth) A (W/m2K} coefficient of thermal conductance {C-value}
G (giga) =109  {(US billion) m {milli) =103 (thousandth) « (W/m2K) coefficient of heat transfer (U-value)
M (mega) =108 {million} n {micro} =106  {(millionth} K (W/m2K) coefficient of heat penetration
_ =109 i
kK {kilo} =103 (thousand) n  {nano} =10 (US billionth) 1A (M2K/W) value of thermal insulation
h hect: =100 i =10 12 illionth .
thecto) P lpico) © {biltionth) Vu (M2K/W) heat transfer resistance {R-value)
da (deca) =10 f femto) =101 {US triltionth) .
1/k {m2K/W) heat penetration resistance
d  (deci) =110 (tenth) a  {atto) =108 (trillionth)
D’ {MZK/W cm) coefficient of heat resistance
no more than one prefix can be used at the same time ¢ (WhkgK} specific heat value
S {Wh/m3K) coefficient of heat storage
@ Decimal muitipliers B {V/K) coefficient of linear expansion
P (Pa) pressure
area Tmx1m=1m2 P, (Pa} vapour pressure
velocity Tmxtsl=1Tmsl=1m/s Go {g) quantity of steam
acceleration Tmx1s2=1ms2?=1ms Ok {g} quantity of condensed water
v (%) relative atmospheric humidity
force TkgxTmx1s2=1kgms2=1kgm/s?
I {-) coefficient of diffusion resistance
densit Tkg~1m3=1kgm 3=1kg/m3
v 9 9 9 pd {cm) equivalent atmospheric layer thickness
Ao (g/m2hPa) coefficient of water vapour penetration
@ Examples of deriving Sl units A, {m2hPa/g) resistance to water vapour penetration
ftes {W/mK) layer factor
A (W/mK) layer factor of atmospheric strata
quantity unit dimensions relationships P (£,$/kWh) heating cost
{symbob {M = mass,
L = length,
T = time}
@ Symbols and units: heat and moisture
area A m2 L2 -
volume V m3 L3 - symbol {unit) meaning
density p kgm 3 ML 3 - A {m} wavelength
velocity v ms ! LT - f {Hz} frequency
acceleration a ms 2 LT 2 - fyr {Hz) limiting frequency
momentum p kgms 1 MLT 1 . f, (Hz) frequency resonance
moment of inertia J  kgm? ML2 _ Egva {N/em?) dynamic modulus of elasticity
. 3 .
angular momentum L kgm?Zs ! MLt - s (Niem3) dynamic stiffness
torce F newton (N) MLT 2 1N = 1 kgm/s? R (dB) measurement of airborn noise reduction
R, dB average measurement of noise reduction
energy, work £, W joule {J) ML2T 2 1J=1Nm=1Ws ” (aB) verag 18€ requcti
1kcal = 4186 J, R’ (dB) measurement of airborn noise suppression in a
1kWh = 3.6 MJ building
power P watt (W) ML 2T 3 TW=1J/s Ly {dB} impact noise level standard
pressure, stress p, o pascal {(Pa) ML T 2 1Pa=1N/m? a {-) degree of sound absorption
1 bar = 105 Pa A (m2) equivalent noise absorption area
surface tension y Nm ! ML T 2 - r {m) radius of reverberation
viscosity 1 kgm s 1 ML T 1 _ AL {dB} noise level reduction
‘ _ —
@ Summary of main derived Sl units @ Symbols and units: sound




UNITS AND SYMBOLS

quantity symbol { Sl unit statutory unit old unit relationships
name symbols name symbols | name symbols
normal w by |radian rad 1rad = 57.296 = 63.662 gon
angle perigon pla 1pla = 2n rad
right angle L 1: = /4 pla = (/2) rad
degree old degrees 1 = 1+/80 = 1 pla/360 = (r/180) rad
minute 17=1/60
second 17 = 1160 = 1 /3600
gon gon new degrees g 1gon=1g= 1100 = 1 pla/400
= /200 rad
new minute a 1c=102gon
new second cc toc=10 2 ¢ =104 gon
fength ! metre m micron um inch n Tin = 25.4 mm
millimetre mm foot ft 1ft=30.48cm
centimetre cm fathom fathom 1 fathom = 1.8288 m
decimetre dm mile mit 1 mil = 1.609 km
kitometre km nautical mile sm 1sm = 1.852 km
area A square m:
cross metre square foot (= 0.092m2);
section acre {0.405 ha) still in use
of land are a la=102m
plots hectare ha 1ha=104m
volume 1 cubic metre m:
litre 1 1= Tdm3=103msd
normal normal cubic metre Nm: TNm3 = 1 m3 in norm condition
volume cubic metre cbm cbm = 1m?
tme, t second s
ume span, minute min 1min = 60s
duration hour h th = 80min = 3600s
day d 1d = 24h = 86400s
year ay la=1y=87658h = 3.1557~10's
frequency t hertz Hz 1Hz = 1/s for expressing
reciprocal frequencies in dimensional equations
of duration
angular w reciprocal 1's w=2~f
frequency second
angular w radians per radis w=2-n
velocity second
no. of revs, n reciprocal s
speed of second revs per second s revs per second rp.s. Vs =1ts=rls
revolutions revs per minute rmin revs per minute p.m
velocity v metres per mis kilometres km/h 1 m/s = 3.6 km/h
second per hour knots kn 1kn = 1 sm/h = 1.852 km/h
acceleration g metres per mjs!
due to second per gal gal 1gal=1cmjs? = 10 2 m/s?
gravity second
mass m kilogram kg
weight tas a gram g 1g=103kg
result of tonne 1 Tt=1Mg-=103%g
weighing pound b 11b =0.45359237 kg
metrc pound 1 metric pound = 0.5 kg
ton ton 1ton = 22401b = 1016 kg
force F newton N 1N = Tkgmis? = 1 Ws/im = 1 Jim
thrust N dyn dyn tdyn=1gcmis? = 16-N
pond P 1p=980665~ 103N
kilopond kp
megapond Mp
kilogram force kg
tonne force vl
stress [} newtons Nim. newtons N/mm-
strength per square per square kiloponds per kprem? 1 kpicm? = 0.0880665 N/mm?
2n6udiy bet 2dngis bet 2dnste Klobouge bet ¥bicws 1 KD'CWs = 0'0380002 My
st1€58 « e s - Hen(ons -
strength per square per square kiloponds per kpicm?2 1 kpicm? = 0.0980665 N/mm?
metre mithmetre square cm/mm kpimm?2 1 kp/mm? = 8.80665 N/mm?
energy W E joute J 1Jd=1Nm=1Ws=10"erg
kilowatt hour kWh 1kWh =36+ 106)-36MJ
h.p. per hour hp.:h 1h.pih=264780 - 108
erg erg lerg=107J
quantity of Q joule J calorie cal 1cal=4.1868J=1.163 . 10 3Wh
heat
torque M newton metre| Nm kilopond metre kpm 1kpm = 3.80665 J
bending M, o1 joule J
moment
power P watl w TW=1Js=1Nmj/s=1kgm¥s3
energy
current horsepower h.p. 1hp. =7457 kW
thermodynamic| T kelvin K deg. kelvin K
temperature deg. Rankine R, Rk R=53K
Celswus temp. | 8 degrees Celsius C B=T-T AT, =273.15 K}
temperature \Tor K A8 = AT, therefore
nterval and 83 1K=1C=1deg
differential
Fahrenheit i deg. Fahrenheit F 8 =958+ 32=95 T - 45967
temperature
Reaumur temp. | b, deg. Réaumur R =450, 1R5% C

@ S| and statutory units for the construction industry

Mathematical symbols
> greater than

greater than or equal to

< smaller than

< smaller than or equal to
)3 sum of

Z angle

sin  sine

cos  cosine

tan tangent
cotan cotangent
on average
= equals
= identically equal
# not equals

= roughly equals, about

. congruent

~ asymptotically equal
(similar) to

=3 infinity

[ parallel

equal and parallel
not identically equal to
multiplied by
divided by
1 perpendicular
volume, content

[ solid angle

\ root of

A final increment
= congruent

A triangle

11 same direction, parallel

H opposite direction, parallel

Greek alphabet

A« {a)alpha
B3 (b)beta
I'y {g)gamma
Ad  (d) delta
Et (e} epsilon
Z{  {z) zeta

Hn {e}eta

O 8 (th) theta
It (i) iota

11 (1) 1019

It (i) iota
K« (k) kappa
AX (D) tambda

0o (o) omicron
fn (p)pi

Pp (r)rho

Xo (s)sigma
't (t)tau

Yvu {(u)upsilon
® ¢ (ph) phi

= {ch) chi
Yy  (ps) psi
Q2o (o) omega
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@ - @ Basis of paper formats
format A series B series C series
0 841 x 1189 1000 ~ 1414 817 < 1297
1 594 x 841 707 x 1000 648 x 917
2 420 < 594 500 x 707 458 x 648
3 297 ~ 420 353 ~ 500 324 -« 458
4 210 % 297 250~ 353 229 = 324
5 148 ~ 210 176 250 162 229
6 105 « 148 125~ 176 114~ 162
7 74 ~ 105 88 < 125 81 % 141
8 5274 62 « 88 57 %« 81
9 37 - 52 44 % 62
10 26~ 37 31 <44
11 1826 22~ 31
12 13\18 15 % 22
@ Sheet sizes
format abbre- | mm F—W
viation
half length A4 12 A4 | 105 « 297 N
quarter length A4 | 1/4 A4 | 52« 297 %«\ﬂ
one eighth A7 1/8 A7 9105 /\
half tength C4 1/2C4 [ 114324 /\,

@ Strip formats

4
1/81/8 1/4 1/2A4

4

@ Format strips in A4

- 210 —_—
@ Loose-leaf binder r— layout width header area l’
8t 4k s
z
- type width, K=
double 2
column 5
Q
S
= ™~
&
c
2 <
8__ type width, ] g’
= single column =
= 167 He
3 °
o Iz
T
footer area
1

DOCUMENTATION AND DRAWINGS

The format of documentation (whether in the form of
plans, reports, letters, envelopes etc.) has, apart from in the
USA, generally been standardised to conform tc the
internationally accepted (ISO) series of paper sheet sizes in
the ‘A", 'B’, ‘C’ and ‘D’ ranges. These standard paper
formats are derived from a rectangular sheet with an area
of 1m2. Using the ‘golden square’, the lengths of the sides
are chosen as x = 0.841m and y = 1.189m such that:

xxy=1

xy = 1:v2
This forms the basis for the A series. Maintaining the same
ratio of length to width, the sheet sizes are worked out by
progressively halving (or, the other way round, doubling)
the sheet area, as would happen if the rectangular sheet
was repeatedly folded exactly in half , - @®).

Additional ranges (B, C, and D) are provided for the
associated products that require larger paper sizes, i.e.
posters, envelopes, loose-leaf file binders, folders etc. The
formats of range B are designed for posters and wall-
charts. The formats in ranges C and D are the geometric
mean dimensions of ranges A and B and are used to
manufacture the envelopes and folders to take the A sizes.

» @ The extra size needed for loose-leaf binders, folders
and box files will depend on the size and type of clamping
device employed.

The strip or side margin formats are formed by halves,
quarters, and eighths of the main formats (for envelopes,
signs, drawings etc.) - & + &).

Pads and duplicate books using carbonless paper also
have standard formats but may have a perforated edge or
border, which means the resulting pages will be a
corresponding amount smaller than the standard sheet
size -» ®.

During book-binding, a further trim is usually necessary,
giving pages somewhat smaller than the standard format
size. However, commercial printers use paper supplied in
the RA or SRA sizes and this has an allowance for
trimming, which allows the final page sizes to match the
standard formats.

picas mm
type area width 39.5 40.5 167 171
type area, height {(without header/footer} 58.5 59 247 250
space between columns 1 5
max. width, single column 395 167
max. width, double column 19 81
inside {gutter) margin, nominal 16 14
outer {side) margin, nominal 27 25
top (head) margin, nominal 20 19
bottom (foot) margin, nominal 30 28

@ Bound and trimmed books

®
@

@ Layouts and type area with A4 standard format



uncut drawing sheet,

depending on requirement,

is 2-3cm wider than
final trimmed original
drawing and print

a
box for written ][
details and
parts iist
1
T

@ Standard drawing
sheet sizes in acc 1SO AQ 1SO A1 18O A2 ISO A3 1ISO A4 1ISO A5
with ISO A series
uncut blank 880~ 1230 | 625880 | 450625 | 330-450 | 240330 | 165x240
paper (mm)
format trimmed, 841.1189 | 594-841 [ 420.5394 | 297420 | 210=297 | 148x210
finished sheet (mm)
@ Sheet sizes
A
R 10000010 S 0 - R GRS S SO0 N S SO SN S |
0 uncut format 2
I - — ]
] H cutting line on drawing H
le! cut print !
[ N i
a
bl l le
~
FH D ~
N o
i E 4

T IT 2 T ¥y 1T %1
I

r I writing box

H

ut-out ISO A3

C
[
|

A

|

[20r+- writing box

size A5

L=
(6) 1s0

cut-out ISC A4

Wi box

DOCUMENTATION AND DRAWINGS

The use of standard drawing formats makes it easier for
architects to lay out drawings for discussion in the design
office or on the building site, and also facilitates posting and
filing. The trimmed, original drawing or print must therefore
conform to the formats of the ISO A series. > Q) -®

The box for written details should be the following
distance from the edge of the drawing:

for formats A0-A3 10mm

for formats A4-A6 5mm
For small drawings, a filing margin of up to 25 mm can be
used, with the result that the usable area of the finished
format will be smaller.

As an exception, narrow formats can be arrived at by
stringing together a row of identical or adjacent formats out
of the format range.

From normal roll widths, the following sizes can be used
to give formats in the A series:

for drawing paper, tracing paper 1500, 1560 mm
(derived from this 250, 1250, 660, 300 mm)
for print paper 650, 900, 1200 mm
If all the drawing formats up to AQ are to be cut from a
paper web, a roll width of at least 300 mm will be necessary.

Drawings which are to be stored in A4 box files should
be folded as follows:

(1) The writing box must always be uppermost, in the

correct place and clearly visible.

(2)On starting to fold, the width of 210 mm (fold 1)
must always be maintained, and it is useful to use a
210 x 297 mm template.

(3)Fold 2 is a triangular fold started 297 mm up from the
bottom left-hand corner, so that on the completely
folded drawing only the left bottom field, indicated
with a cross, will be punched or clamped.

(4) The drawing is next folded back parallel to side ‘a’
using a 185 x 298 mm template. Any remaining area
is concertina-folded so as to even out the sheet size
and this leaves the writing box on the top surface. If
it is not possible to have even folds throughout, the
final fold should simply halve the area left {e.g. A1
fold 5, A0 fold 7). Any longer standard formats can be
folded in a similar way.

(5) The resulting strip should be folded from side ‘b’ to
give a final size of 210 x 297 mm.

To reinforce holes and filing edges, a piece of A5 size
cardboard (148 x 210 mm) can be glued to the back of the
punched part of the drawing.

Dimensions and scheme for folding

divisions no. of identicat fields by sheet size
for A0 [ A2 A3 As
a 16 12 8 8 4 _JSO A0
b 12 8 6 6 4 “05,}-‘ R — T T T
~ Y
L i | i
(7) Field divisions (grid squares) IS0 A1 SO0 0
“hos” e el e b — — — b~ e
1SO A2 ST 1 1 g f A R N TR B L
g SO0 ) TR I “‘T 3
it | I 0 1 e (1L TE o T
o ki _Jas) ¢ & — 54— 1 “‘lﬁ A= r - -t -
4 T Q el =] e T [ ! ! ~
s 59 T %, = ® > ot | ! &
I & L A& 3 2 3 & g !
Wi on l 1 [ wi box ‘ [ ] | ! o o ‘
[
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DOCUMENTATION AND DRAWINGS

Arrangement

Leave a 5cm wide blank strip down the left-
hand edge of the sheet for binding or
stapling. The writing box on the extreme
right » (1) should contain the following

SR = { south elevation east elevation north elevation west elevation details:
section (1) type of drawing (sketch, preliminary

. j i design, design etc.)
! Sevemmreriesd |

(2)type of view or the part of the
basement ground floor upper floor

building illustrated (layout drawing,
@ plan view, section, elevation, etc.)
(3) scale
garden L. . . .
layout ;\g:mg (4) dimensions, if necessary.
On drawings used for statutory approvals

(and those used by supervisors during
construction) it might also contain:

{1} the client’s name (and signature)

(2) the building supervisor's name (and
4 — signature)
foundations jayout of joists roof truss layout site plan (3) the main contractor’s signature
- {4) the building supervisor's comments
@ Suitable arr of a uction drawing about inspection and the building
permit (if necessary on the back of
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0 10 20 30 40
| the sheet).

10 5

FH | | 1

! [ I T I ! ' A north-point must be shown on the
@ Suitable arrangement of scale details drawings for site layouts, plan views etc.

Scales

The main scale of the drawing must be given in large type in the box for written
details. Other scales must be in smaller type and these scales must be repeated
next to their respective diagrams. All objects should be drawn to scale; where the
drawing is not to scale the dimensions must be underlined. As far as possible, use
the following scales:
for construction drawings: 1:1, 1:2.5, 1:5, 1:10, 1:20, 1:25, 1:50, 1:100, 1:200, 1:250
for site layouts: 1:500, 1:1000, 1:2000, 1:2500, 1:5000, 1:10000, 1:25000.

Measurement Figures and Other Inscriptions

In continental Europe, for structural engineering and architectural drawings,
dimensions under 1 m are generally given in cm and those above 1 m in m.
However, recently the trend has been to give all dimensions in mm, and this is
standard practice in the UK.

Chimney stack flues, pressurised gas pipes and air ducts are shown with their
internal dimensions as a fraction {width over length) and, assuming they are
circular, by the use of the symbol @ for diameter.

Squared timber is also shown as a fraction written as width over height.

The rise of stairs is shown along the course of the centre-line, with the tread
depth given underneath {(— p. 13).

Window and door opening dimensions are shown, as with stairs, along the central
axis. The width is shown above, and the internal height below, the line { » p. 13).
Standard method of di ioning an Details of floor heights and other heights are measured from the finished floor
oddly shaped plan imeasure level of the ground floor (FFL: zero height +0.00).
given are structural dimensions) ) . A i A

Room numbers are written inside a circle and surface area details, in m2, are
displayed in a square or a rectangle - 3.

1269 275 Section lines in plan views are drawn in chain dot lines and are labelled with

capital letters, usually in alphabetical order, to indicate where the section cuts

""""""" through the building. As well as standard dimensional arrows - () oblique arrows
+275 and extent marks - ® + (7)) are commonly used. The position of the dimensional

figures must be such that the viewer, standing in front of the drawing, can read the
dimensions as easily as possible, without having to turn the drawing round, and

+269 5
o
> they must be printed in the same direction as the dimension lines.
@
j=}

in ground plans

@ —— 6250 ——

5 . @ F—— 6250 — p—

6250
@ Heights as shown in sections and @ — 5250 — }

elevations



CONSTRUCTION DRAWINGS
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Drawing aids

@ Drawing aids Aid for hatching Corrt?lct way of holding a
penci

Designers use drawings and
illustrations to communicate
information in a factual,
unambiguous and geometric
form that can be understood
anywhere in the world. With
good drawing skills it is simpier
for designers to explain their
proposals and also give clients a
convincing picture of how the
finished project will look. Unlike
painting, construction drawing
is @ means to an end and this
differentiates diagrams/working
drawings and illustrations from
artistic works.

Sketch pads with graph
paper having 0.5c¢m squares are
ideal for freehand sketches to
scale -> (). For more accurate
sketches, millimetre graph
paper should be used. This has
thick rules for centimetre
divisions, thinner rules for half
centimetres and fine rules for
the millimetre divisions.
Different paper is used for
drawing and sketching accord-
ing to standard modular
coordinated construction and
engineering grids — (). Use
tracing paper for sketching with
a soft lead pencil.

Suitable sheet sizes for
drawings can be cut straight
from a roll, single pages being
torn off using a T-square or cut
on the underside of the T-square
- (@. Construction drawings are
done in hard pencil or ink on
clear, tear-resistant tracing paper,
bordered with protected edges —
(@ and stored in drawers or hung
in vertical plan chests.

Fix the paper on a simple
drawing board (designed for
standard formats), made of
limewood or poplar, using
drawing pins with conical points
— (&). First turn over 2cm width
of the drawing paper edge,
which can later be used as the
filing edge (see p. 4}, for this lifts
the T-square a little during
drawing and prevents the
drawing being smudged by the
T-square itself. {For the same
reason, draw from top to
bottom.}) The drawing can be
fixed with drafting tape rather
than tacks — (6) if a plastic
underlay backing is used.

The T-square has tradit-
ionally been the basic tool of the
designer, with special T-squares
used to draw lines at varying
angles. They are provided with
octameter and centimetre
divisions -+ (7). In general,
however, the T-square has been
replaced by parallel motion
rulers mounted on the drawing
board - (6). Other drawing aids
include different measuring
scales —(B), 45° set squares with
millimetre and degree divisions,
drawing aids for curves — (10,
and French curves —@).
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CONSTRUCTION DRAWINGS

To maintain  accuracy in
construction drawings req
uires practice. For instance, it
is essential to hold the T
square properly and use
pencils and pens in the
correct  manner. Another
important factoer in elimin
ating inaccuracy is keeping a
sharp pencil point. There are
various drawing aids that can
help:  grip  pencils, for
example, are suitable for
leads with diameters of 2mm
or more and propelling
pencils are useful for thinner
leads. Lead hardnesses from
6B 1o 9H are available. Many
models of drafting pens are
available, both refillable and
disposable, and offer a wide
range of line thicknesses. For
rubbing out ink use mech-
anical erasers, erasing knives
or razor blades whereas non-
smear rubbers should be used
for erasing pencil. For
drawings with tightly packed
lines use eraser templates
B
Write  text preferably
without aids. On technical
drawings use lettering stencils,
writing either with drafting
pens or using a stipple brush
2. Transfer lettering
(Letraset etc.) is also
commonly used. The
international standard for
lettering ISO 3098/1.
To make the designer's
intentions clear, diagrams
. R . . should be drawn to con-
7 ::I;::I;eswe or Letraset ‘L:::i;mg sizes measured in @ Typewriter for lettering vincing]y portray the finished
building. Isometry can be
used to replace a bird's eye
view if drawn to the scale of
l—+— ~1:500 . g3 and perspective

1) Erasers, eraser template, @ Lettering stencils
eraser blades, etc.

Vel

sharpening with
a sealpel!

Keep lead sharp
by turning

" £ grids at standard angles are
U = suitable for showing internal
e views . 16.
3.
/
Three-armed drawing Circular drawing board for @ Underlay for perspective
instrument perspective drawing drawing

angle of vision
edge of drawing board

< pomnt of

g stght ;
S y(/ 19 b 4-- heght of eye
102 34
@ Isometry Perspective method @ Reilesch’s perspective Perspective grid
apparatus



CONSTRUCTION DRAWINGS

. In some European countries the =
line types (weight} primary application scale of drawings measurement unit used in connection =
with the scale must be given in the -
m 1:20 1:100 written notes box (e.g. 1:50 cm}. [n the »
1:5 1:25 1:200 UK, dimensions are given only either in ‘
1:10 1:50 metres or millimetres so no indication of -
units is required. Where metres are used ’
fine thickness (mm) it is preferable to specify the dimension ‘
to three decimal places (e.g. 3.450) to
solid line boundaries of buildings in section 1.0 0.7 0.5 avoid alt ambiguity. e
{heavy) '
———— -
1 ‘ 2 l 3 ] 4 :
solid line visible edges of components; boundaries of narrow 05 0.35 0.35 unit dimensions ! g
(medium) or smaller areas of building parts in section under 1m over 1m '
eq. eg ’
solid line dimension guide lines; dimension lines; grid lines 0.25 0.25 0.25 v m 005/0.24 088 376 ‘
(fine) 2 em 5 |24 [s85] 376 -
. . . . 3 m,cm 5 24 | 88> 376 ‘
indication lines to notes; working lines 0.35 0.25™" 0.25
4 mm 50 | 240 {885 3760
dashed line™* hidden edges of building parts 0.5 0.35 0.35
tmedium} @ Units of measurement
-— tiles
chatn dot line indication of section pianes 1.0 0.7 0.5 I - -~ -—~— mortar
{heavy} -~ — screed
- — — ——— damp-proof membrane
~—— insulation
structural floor
chain dot line axes 0.35 0.35 0.35
{medium} ///74 /////
— . NN
\\\%& ____________
dotted line™! parts lying behind the observer 0.35 0.35 0.35
(fine) V244 NN A AN
000007, o
7/ 4
" dashed line - - - - - dashes longer than the distance between them
dotted line .................. dots {or dashes) shorter than the distance between them @ Indication lines to notes
“0.35 mm if reduction from 1:50 to 1:100 is necessary
X : ——-— - --dimension figure
note: for plotter drawings using electronic data processing equipment and drawings destined for microfitm, other combinations of - ——— dimension line
line widths may be necessary r —extension line
‘ [ _ .~ dimension arrow
@ Types and thicknesses of lines to be used in construction drawings - 376 B
? ll Ll L
! 22 - - L
- v g R @ D tion for d g
3 4 - <
< .
o . +
g h I
= - 625 o |< (
2411 1885 nP aze —— 412
24 3E
236.5- t 4375 - - w
~674 - - - <&
<«
Dimensions given around the drawing s | tTmm Py ~B-—-t-—- [— ————— r
{drawn at 1:100cm; units = cm) o : 1
1
. 1
T g v ‘ |
115 - { t
w 4424 1885 426 24 . |
- A © T
© o [
- T T 1 ! !
s o i ! c2
2 | t
24 151 1135 1135 ) ° ! 1
2 *161 51625+ 1355+ 61.5% 557 —+ 8651 _ ! !
- 4375 - 1 !
674 | 1
- . . < —+
@ Dimensions of piers and apertures ! |
{drawn at 1:50cm; units = cm) - ‘l t
1=} X i
8 1 |
0b,02, ! :
—1 1 ) 88 8 i ! !
i i
. @ 0208 ! N N
o .+
000
s | LU i axis o1 02 o ) 2 3 4
+ + \ ¥ -
&3 Lhgk 2 R ¥ B8 field oc ob oa a b ¢
= T oaaa N 7 w ©® oL Obt  0b2 b, b,
@

Dimensions given by coordinates

e Axis-field grid
{drawn at 1:50cm, m; units = cm and m} .
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CAD application in architectural design

The acronym CAD usually means either computer-aided
design or computer-aided draughting. CADD is sometimes
used to mean computer-aided draughting and design.
Computer-aided design is a highly valued technique because
it not only enables a substantial increase in productivity but
also helps to achieve neater and clearer drawings than those
produced using the conventional manual drafting techniques
described in the preceding pages. Standard symbols or
building elements can be compiled as a library of items,
stored and used to create new designs. There is also a
possibility of minimising the repetition of tasks by linking
CAD data directly with other computer systems, i.e.
scheduling databases, bills of quantities etc.

Another advantage of CAD is that it minimises the need
for storage space: electronic storage and retrieval of
graphic and data features clearly requires a fraction of the
space needed for a paper-based system. Drawings currently
being worked on may be stored in the CAD program
memory whereas finished design drawings that are not
immediately required may be archived in high-capacity
electronic storage media, such as magnetic tapes or
compact disks.

A drawback relating to the sophisticated technology
required for professional CAD has been the high expense of
the software packages, many of which would only be run on
large, costly computer systems. However, various cheap,
though still relatively powerful, packages are now available
and these will run on a wide range of low-cost personal
computers.

CAD software

A CAD software package consists of the CAD program,
which contains the program files and accessories such as
help files and interfaces with other programs, and an
extensive reference manual. In the past, the program files
were stored on either 51/4" or 312" floppy disks. The low
storage capacity of the 51/4" floppy disks and their
susceptibility to damage has rendered them obsolete.
Besides their higher storage density, 31/2" disks are stronger
and easier to handle. Nowadays, the program files are
usually stored on compact discs (CD-ROM) because of their
high capacity and the ever increasing size of programs; they
are even capable of storing several programs.

When installing a CAD program onto the computer
system, the program files must be copied onto the hard disk
of the computer. In the past, CAD was run on
microcomputers using the MS-DOS operating system only.
New versions of the CAD programs are run using MS-DOS
and/or Microsoft Windows operating systems.

[ ]
Y
[

pen plotter faser printer

@ CAD workstation: examples of hardware elements

CONSTRUCTION DRAWINGS: CAD

Hardware requirements

Once the desired CAD software has been selected, it is
important to ensure that the appropriate hardware
(equipment) needed to run the program is in piace. A typical
computer system usually includes the following hardware:

Visual Display Unit (VDU): Also called a screen or monitor,
these are now always full-colour displays. The level of
resolution will dictate how clear and neat the design
appears on the screen. For intricate design work it is better
to use a large, high-resolution screen. The prices of such
graphic screens have fallen substantially in recent years
making them affordable to a wide range of businesses and
they are hence becoming commonplace. In the past, using
CAD required two screens, one for text and the other for
graphics. This is not necessary now because some of the
tatest CAD programs have a ‘flip screen’ facility that allows
the user to alternate between the graphics and text display.
In addition, the Windows version of some CAD programs
also has a re-sizable text display that may be viewed in
parallel with the graphics display.

Disk drives and disks: The most usual combination of disk
drives for desktop CAD systems initially was one hard drive
and one 372" floppy drive. The storage capacity of hard
disks increased rapidly throughout the 1990s, from early 40
MB (megabyte) standard hard drives to capacities
measured in gigabytes (GB) by the end of the decade. The
storage capability of floppy disks is now generally far too
restrictive and this has led to the universal addition of
compact disc drives in new PCs. These can hold up to
650MB. This storage limitation has also led to the use of
stand-alone zip drives and CD writers {or CD burners) to
allow large files to be saved easily.

Keyboard: Virtually every computer is supplied with a
standard alphanumeric keyboard. This is a very common
input device in CAD but it has an intrinsic drawback: it is a
relatively slow method of moving the cursor around the
screen and selecting draughting options. For maximum
flexibility and speed, therefore, the support of other input
devices is required.

Mouse: The advantage of the mouse over the keyboard as
an input device in CAD is in speeding up the movement of
the cursor around the screen. The mouse is fitted with a
button which allows point locations on the screen to be
specified and commands from screen menus (and icons in
the Windows system) to be selected. There are several
types of mouse, but nowadays a standard CAD mouse has
two buttons: one used for PICKing and the other for
RETURNing.

processor

= Ny
r

mouse



Graphic tablet, digitising tablet (digitiser): A digitiser
consists of a flat plate with a clear area in the centre,
representing the screen area, the rest divided into small
squares providing menu options. An electric pen {stylus)
or puck is used to insert points on the screen and to pick
commands from menus. The selection of a command is
made by touching a command square on the menu with
the stylus {or puck) and at a press of a button the
command is carried out. Data can be read from an overlay
menu or a document map or chart. The document should
first be placed on the surface of the digitiser and its
boundaries marked with the styius or puck. The position
of the puck on the digitiser may be directly related to the
position of the cursor on the screen.

Most pucks have four buttons: they all have a PICK
button for selecting the screen cursor position and a
RETURN button for completing commands but, in
addition, they have two or more buttons for quick
selection of frequently used commands.

Printers: Hard-copy drawings from CAD software can be
produced by using an appropriately configured printer.
Printers are usually simple and fast to operate, and may
also be used for producing hard copies from other
programs installed in the computer. There are several
types of printer, principally: dot-matrix, inkjet, and laser
printers. The graphic output of dot-matrix printers is not
of an acceptable standard, particularly when handling
lines that diverge from the horizontal or vertical axes.
Inkjet and laser printers are fast and quiet and allow the
production of high-quality monochrome and coloured
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ECSC MegaProject 5 demonstration building at Oxford Brookes
University, d d using d CAD software
{courtesy of British Steel Strip Products}
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CONSTRUCTION DRAWINGS: CAD

graphic diagrams up to A3 size. Colour prints are alsc no
longer a problem since there is now a wide range of
printers that can produce high-quality colour graphic
prints at a reasonably low cost.

Piotters: Unlike printers, conventional plotters draw by
using small ink pens of different colours and widths. Most
pen plotters have up to eight pens or more. Usually the
CAD software is programmed to enable the nomination of
the pen for each element in the drawing.

Flat-bed plotters hold the drawing paper tightly on a
bed, and the pens move over the surface to create the
desired drawing. Although they are slow, their availability
in small sizes (some with a single pen, for instance)
means that a good-quality output device can be installed
at low cost.

Rotary {drum) plotters operate by rolling the drawing
surface over a rotating cylinder, with the pens moving
perpendicularly back and forth across the direction of the
flow. They can achieve high plotting speeds. With large-
format drafting plotters, it is possible to produce
drawings on paper up to A0 size. Depending on the
plotter model, cut-size sheets or continuous rolls of paper
can be used.

Modern printer technology has been used to develop
electrostatic  plotters, inkjet plotters and laser

printer/plotters. These are more efficient and reliable, and
produce higher line quality than pen plotters. As well as
drawing plans and line diagrams, they can also be used to
create large colour plots of shaded and rendered 3D
images that are close to photographic quality.
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Cloakroom

@ Q@ ® © 6 ® © 6

®
®
®

® ©

® @ @06

®

table
85 x 85 x 78 = 4 people
130 x 80 x 78 = 6 people

round table
@ 90 = 6 people

shaped table 70-100

extending table

chair, stool @ 45 x 50

arm chair 70 x 85

chaise-longue 95 x 195

sofa 80/1.75

upright piano 60/1.40-1.60

grand pianos

baby 155 x 114
drawing-room 200 x 150
concert 275 x 160

television

sewing table 50/50-70
sewing machine 50/90

baby’s changing unit 80/30

laundry basket 40/60

chest 40/1.00-1.50

cupboard 60/1.20

hooks,
15-20cm apart

coat rack

linen cupboard
50 x 100-180

desk
70x1.30x 78
80 x 1.50x 78

flower stands

Bedroom
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CONSTRUCTION DRAWINGS: SYMBOLS

@

® ®

®eO® B ® P®RO® ® ® ® 6

® ® ® @

bed 85 x 195
bedside table
50 x 70, 60 x 70

twin bed
2{95 x 195, 100 x 200}

double bed
150 x 195

child’s bed
70 x 140-170

wardrobe
60 x 120

bath
75 x 170, 85 x 185

sit-up bath
70 x 105, 70 x 125

shower
80 x 80, 90 x 90, 75 x 90

corner shower
90 x 90

wash-basin
50 x 60, 60 x 70

two wash-basins
twin wash-basins

80 % 120, 60 x 140

built-in wash-basin
45 x 30

toilet
38x70

urinal bowl
35/30

bidet
38 x 60

row of urinals

singie sink
and drainer
60 x 100

twin sinks,
single drainer
60 x 150

stepped sinks

kitchen waste sink

[+ =] B [N X

Other symbols

[

(e}

® @® ®

® ® @

®@ ® ® ® ©® ®

cupboard/
base unit

top cupboard

ironing board

cooker

dishwasher

refrigerator

freezer

cookers/hobs fuelled
by solid fuels

cookers/hobs fuelled
by oil

cookers/hobs fuelled
by gas

electric cooker/hob

central heating
radiator

boiler (stainless}

gas fired boiler

oit fired botler

refuse chute

laundry chute

ventilation and
extraction shaft

GL= goods Hift

PL = passenger bft
FL = foed Lift

HL = hydraulic lift
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Windows set in reveals Windows without reveals
RIS 0
2|2 2|8

without

with

window niche

Ydeow frame set in Window frame set in external @ Window set on nib Wmd_ow fr_ame set in
internal reveal reveal P 1g without s {}
Doors

@ Single-leaf door @ Single-leaf door pair @ Single-leaf door pair Double-leaf door

@ Pivoting door

@ Double-leaf swing door

(13) Rising butt single-leaf door Sliding door (15) Double stiding door ds“df"g door with a lifting
evice

@ Revolving door, two flaps Revolving door, three flaps Revolving door, four flaps Folding partition

Without @ With Threshold both

threshold threshold sides

12 STG
187.5/250

Windows are always drawn with the niche shown on the
basement ground floor first floor top floor left-hand side but not on the right.

Revolving doors are often used in place of lobbies to
give a draught-free entrance. However, they restrict
through-traffic so the arrangement should allow the door
flaps to be folded away during peak times.

Wooden construction is suitable for single flights of
stairs, whereas double flights generally require stone or

concrete.

85TG A 2/290 8 STG 1727290 In every plan view of a storey, the horizontal section
through the staircase is displayed about /3 of the storey
height above the floor. The steps are to be numbered
continuously from 20.00 upwards and downwards. The
numbers for the steps that lie below +0.00 are given the
prefix — {(minus). The numbers start on the first step and
finish on the landing. The centre-line begins at the start with
a circle and ends at the exit with an arrow (including for the
@ Double flight of stairs basement).

@ Single flight of stairs

basement ground floor first floor top floor
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monochrome coloured

display display to be used for
U™ | light green | grass

2¢3¢ %)

ﬂf&%&} sepia ground peat

burnt sienna

natural ground

KRAK

CONSTRUCTION DRAWINGS: SYMBOLS

sealing membrane {damp course)

vapour barrier

separating/polystyrene foil

oil paper

waterproofing membrane with fabric inlay

waterproofing membrane with metal foil
infay

intermediate layer spot glued

fully glued tayer

mastic

applied gravel layer

sand coating

primer coat, paint base

sealing slurry

waterproof coating (two layers)
plaster lath/reinforcement
impregnation

filter mat

drain mesh {plastic)

static water on ground/slope

surface water

emerging damp, mould, dirt etc.

penetrating damp

ground, soil

Drawing conventions for waterproofing membranes and other

black/white infilled earth
red b n brick walling with lime mort:
% row! ricl ing wi ortar “”I ”Hl
/ red brown brick walling with cement mortar Lu]“”””]H””””HH”H
7.
TSSO ST ST T ST
o &SRS
7 red brown brick walling with lime cement mortar ?.?.?.?.2.‘ .0?0’0?0?0?0
7.
W/// red brown porous brick walling with cement mortar
7
% red brown hollow pot brick wailing with lime cement mortar
red brown clinker block walling with cement mortar Wm
Z
7 red brown calcium-silicate brick walling with lime mortar
W% red brown alluvial stone walling with lime mortar l l l “ l l [ l l l l 1 1 l l l [ l l I I l l l
/ red brown walling of . . . stone with . . . mortar O Q O (0] O O
W%
/ red brown natural stone walling with cement mortar
7 SW
= 8% ks o) i
&%-. .am sepia gravel
o fagmy > > > »
o, daacytl rey/black sla
SRR | o : .
o090
zinc yellow sand 0000000000000 0000
ochre floor screed
white render
violet pre-cast concrete units
roof and drainage layers
Vo722 i
T //'/ blue green reinforced concrete
5/?]551///’,,”’/’4;’,:’,”,; olive green non-reinforced concrete —~— ~  ~— —~—
270 I~ — 7
black steel in a section
- S - S
~— ~ ~—r ~—
brown wood in section
mm blue grey sound insulation layer
—_—
——m——max— | black barrier against damp, heat or cold P —
BN W | ond white

@ Symbols and colours in plan views and sections

AVAVAVAVAVAVA

general insulation layer

{and noise barrier)

insulation material of Rockwool

insulation material of glass fibre

insulation material of wood fibre

insulation material of peat fibre

plastic foam

cork

magnesite bonded wood wool board

cement bonded wood wool board

gypsum building board

gypsum plasterboard

@ Drawing conventions for thermal insulation
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Man’s dimensional relationships

The oldest known code of dimensional relationships of
man was found in a burial chamber of the pyramids near
Memphis and are estimated to date back to roughly 3000
8c. Certainly since then, scientists and artists have been
trying hard to refine human proportional relationships.

We know about the proportional systems of the Empire
of the Pharaohs, of the time of Ptolemy, the Greeks and the
Romans, and even the system of Polycletes, which for a
long time was applied as the standard, the details given by
Alberti, Leonardo da Vinci, Michelangelo and the people of
the Middle Ages. In particular, the work of Diirer is known
throughout the world. In all of these works, the
calculations for a man’s body were based on the lengths of
heads, faces or feet. These were then subdivided and
brought into relationship with each other, so that they
were applicable throughout general life. Even within our
own lifetimes, feet and ells have been in common use as
measurements.

The details worked out by Direr became a common
standard and were used extensively. He started with the
height of man and expressed the subdivisions as
fractions:

1/2h = the whole of the top half of the body, from the
crotch upwards

1/ah = leg length from the ankle to the knee and from the
chin to the navel

/6 h = length of foot

/8h = head length from the hair parting to the bottom of
the chin, distance between the nipples

/16 h= face height and width (including the ears), hand

length to the wrist

/12 h= face width at the level of the bottom of the nose, leg
width (above the ankie) and so on.

The sub-divisions go up to /40 h.

During the last century, A. Zeising, brought greater
clarity with his investigations of the dimensional
relationship of man’s proportions. He made exact
measurements and comparisons on the basis of the golden
section. Unfortunately, this work did not receive the
attention it deserved until recently, when a significant
researcher in this field, E. Moessel, endorsed Zeising’'s work
by making thorough tests carried out following his
methods. From 1945 onwards, Le Corbusier used for all his
projects the sectional relationships in accordance with the
golden section, which he called ‘Le Modulor’ - p. 30.
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MAN: DIMENSIONS AND SPACE

REQUIREMENTS

Space Requirements

SPACE REQUIREMENTS BETWEEN WALLS In accordance with normal measurements and energy
for moving people, add ~10% to widths consumption
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SPACE REQUIREMENTS OF GROUPS
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Closely packed @ Normal spacing Choir @ Waiting queue @ With back packs
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MAN: SMALL SPACES

-
2 DIMENSIONS FOR RAILWAY CARRIAGES
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21°C average temperature
23% average relative humidity

about 0.02m3/h oxygen

0g/h water vapour

0.0167m3h

carbon dioxide
0.015m3¥h carbon dioxide

A
@ Sleeping @ Resting

@ - @ Production of carbon dioxide and water vapour by humans

The function of housing is to protect man against the weather
and to provide an environment that maintains his well-being.
The required inside atmosphere comprises gently moving {i.e.
not draughty), weli oxygenated air, pleasant warmth and air
humidity and sufficient light. To provide these conditions,
important factors are the location and orientation of the
housing in the landscape (- p. 272) as well as the arrangement
of spaces in the house and its type of construction.

The prime requirements for promoting a lasting feeling of
well-being are an insulated construction, with appropriately
sized windows placed correctly in relation to the room
furnishings, sufficient heating and corresponding draught-free
ventilation.

The need for air

Man breathes in oxygen with the air and expels carbon dioxide
and water vapour when he exhales. These vary in quantity
depending on the individual's weight, food intake, activity and
surrounding environment —» (D-@.

It has been calculated that on average human beings
produce 0.020m3/h of carbon dioxide and 40g/h of water
vapour.

A carbon dioxide content between 1 and 3%. can stimulate
deeper breathing, so the air in the dwelling should not, as far as
possible, contain more than 1%. This means, with a single
change of air per hour, a requirement for an air space of 32m3 per
adult and 15m3 for each child. However, because the natural rate
of air exchange in free-standing buildings, even with closed
windows, reaches 12 to 2 times this amount, 16-24m3 is
sufficient (depending on the design) as a normal air space for
adults and 8-12m3 for children. Expressed another way, with a
room height 22.5m, a room floor area of 6.4-9.6 m2 for each adult
is adequate and 3.2-4.8m?2 for each child. With a greater rate of
air exchange, (e.g. sleeping with a window open, or ventilation
via ducting), the volume of space per person for living rooms can
be reduced to 7.5m3 and for bedrooms to 10m3 per bed.

Where air quality is likely to deteriorate because of naked
lights, vapours and other pollutants (as in hospitals or factories)
and in enclosed spaces (such as you in an auditorium), rate of
exchange of air must be artificially boosted in order to provide
the lacking oxygen and remove the harmful substances.

Space heating

The room temperature for humans at rest is at its most pleasant
between 18° and 20°C, and for work between 15°nd 18°C,
depending on the level of activity. A human being produces
about 1.5kcal/h per kg of body weight. An adult weighing 70kg
therefore generates 2520kcal of heat energy per day, although
the quantity produced varies according to the circumstances.
For instance it increases with a drop in room temperature just
as it does with exercise.

When heating a room, care must be taken to ensure that low
temperature heat is used to warm the room air on the cold side
of the room. With surface temperatures above 70-80°C decom-
position can take place, which may irritate the mucous
membrane, mouth and pharynx and make the air feel too dry.
Because of this, steam heating and iron stoves, with their high
surface temperatures, are not suitable for use in blocks of flats.

21°C average temperature
TS 20% average relative humidity

about 0.015m3/h oxygen

32g/h water vapour

70kg ¢

MAN AND HIS HOUSING

58g/h
water vapour

with low
humidity,
considerably
more

@ Working

Room humidity

Room air is most pleasant with a relative air
humidity of 50-60%; it should be maintained
between limits 40% and 70%. Room air
which is too moist promotes germs, mould,
cold bridging, rot and condensation. -» ®.
The production of water vapour in human
beings varies in accordance with the
prevailing conditions and performs an
important cooling function. Production
increases with rising warmth of the room,
particularly when the temperature goes
above 37°C (blood temperature).

s .4°C average temperatur
81% average relative humidity

about 0.03m3/h oxygen

tolerable for | tolerable for |[immediately
several hours up to 1h dangerous
{%o) {%o) (%o}

iodine vapour 0.0005 0.003 0.05
chlorine vapour 0.001 0.004 0.05
bromine vapour 0.001 0.004 0.05
hydrochloric acid 0.01 0.05 1.5
sulphuric acid - 0.05 0.5
hydrogen sulphide - 0.2 0.6
ammonia 0.1 0.3 35
carbon monoxide 0.2 0.5 2.0
carbon disulphide - 1.5* 10.0*
carbon dioxide 10 80 300
*mg per litre

@ Harmful lation of ind ial gases
activity energy expenditure
at rest in bed (basal metabolic rate) 250
sitting and writing 475
dressing, washing, shaving 885
walking at 5km/h 2050
climbing 15¢cm stairs 2590
running at 8km/h 3550
rowing at 33 strokes/min 4765

note that this expenditure in part contributes to heating air in
a room

@ Human expenditure of energy

g/m3

25 -

.

20

water vapour
>

10 -8
N
5 _
0 .
temperature

@ Room humidity

0.043m3/h carbon dioxide

15kN/m average
heourty work output

on the Ergostat

temper-  water
ature content
°C) {g/m3}
50 82.63
49 78.86
48 75.22
47 71.73
46 68.36
45 65.14
44 62.05
43 538.09
42 56.25
41 53.52
40 5091
39 48.40
38 46.00
37 43.71
36 41.517
35 33.41
34 37.40
33 3548
32 33.64
31 31.89
30 30.21
29 28.62
28 27.08
27 25.64
26 24.24
25 22.93
24 21.68
23 20.48
22 19.33
21 18.25
20 17.22
19 16.25
18 15.31
17 14.43
16 13.59
15 12.82
14 12.03
13 11.32
12 10.64
1 10.01
10 9.39
9 8.82
8 8.28
7 7.76
6 7.28
5 6.82
4 6.38
3 598
2 5.60
+ 1 523
0 4.89
-1 4.55
2 4.22
3 392
4 3.64
5 3.37
6 313
7 2.80
8 2,88
9 2.49
10 23
11 2.14
12 198
13 1.83
14 1.70
15 1.58
16 1.46
17 1.35
18 1.25
19 1.15
20 1.05
21 0.95
22 0.86
23 0.78
24 0.71
25 0.64

maximum water
content of one
cubic metre of
air (g}
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physical conditions
air movement {draughts) X comfortable X
relative humidity ) &

ambient surface temperature H 187

air temperature 2 \ N
atmospheric charge 3

air composition and pressure = B 374 25°
room occupancy 2

optical/acoustic influences
clothing

physiological conditions
sex
age
ethnic influences
food intake
level of activity
adaptation and acclimatisation
natural body rhythms
state of health
psycho-sociotogical factors

unheated wall

Factors that affect
thermal comfort
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ROOM CLIMATE

In the same way as the earth has a climate, the insides of buildings also
have a climate, with measurable values for air pressure, humidity,
temperature, velocity of air circulation and ‘internal sunshine’ in the form
of radiated heat. Efficient control of these factors leads to optimum room
comfort and contributes to man's overall health and ability to perform
whatever tasks he is engaged in. Thermal comfort is experienced when
the thermal processes within the body are in balance (i.e. when the body
manages its thermal regulation with the minimum of effort and the heat
dissipated from the body corresponds with the equilibrium loss of heat
to the surrounding area).

Temperature regulation and heat loss from the body

The human body can raise or lower the rate at which it loses heat using
several mechanisms: increasing blood circulation in the skin,
increasing the blood circulation speed, vascular dilation and secreting
sweat. When cold, the body uses muscular shivering to generate
additional heat.

Heat is lost from the body in three main ways: conduction,
convection and radiation. Conduction is the process of heat transfer from
one surface to another surface when they are in contact (e.g. feet in
contact with the floor). The rate of heat transfer depends on the surface
area in contact, the temperature differential and the thermal
conductivities of the materials involved. Copper, for example, has a high
thermal conductivity while that of air is low, making it a porous insulating
material. Convection is the process of body heat being lost as the skin
warms the surrounding air. This process is governed by the velocity of
the circulating air in the room and the temperature differential between
the clothed and unclothed areas of the body. Air circulation is also driven
by convection: air warms itself by contact with hot objects (e.g.
radiators), rises, cools off on the ceiling and sinks again. As it circulates
the air carries dust and floating particles with it. The quicker the heating
medium flows (e.g. water in a radiator), the quicker is the development
of circulation. All objects, including the human body, emit heat radiation
in accordance to temperature difference between the body surface and
that of the ambient area. It is proportional to the power of 4 of the body's
absolute temperature and therefore 16 times as high if the temperature
doubles. The wavelength of the radiation also changes with temperature:
the higher the surface temperature, the shorter the wavelength. Above
500°C, heat becomes visible as light. The radiation below this limit is
called infra-red/heat radiation. It radiates in all directions, penetrates the
air without heating it, and is absorbed by {or reflected off} other solid
bodies. In absorbing the radiation, these solid bodies {including human
bodies) are warmed. This radiant heat absorption by the body (e.g. from
tile stoves} is the most pleasant sensation for humans for physiological
reasons and also the most healthy.

Other heat exchange mechanisms used by the human body are
evaporation of moisture from the sweat glands and breathing. The
body surface and vapour pressure differential between the skin and
surrounding areas are key factors here.

Recommendations for internal climate

An air temperature of 20-24°C is comfortable both in summer and in
winter. The surrounding surface areas should not differ by more than
2-3°C from the air temperature. A change in the air temperature can be
compensated for by changing the surface temperature (e.g. with
decreasing air temperature, increase the surface temperature). If there
is too great a difference between the air and surface temperatures,
excessive movement of air takes place. The main critical surfaces are
those of the windows.

For comfort, heat conduction to the floor via the feet must be avoided
{i.e. the floor temperature should be 17°C or more). The surface
temperature of the ceiling depends upon the height of the room. The
temperature sensed by humans is somewhere near the average between
room air temperature and that of surrounding surfaces.

It is important to control air movement and humidity as far as
possible. The movement can be sensed as draughts and this has the
effect of local cooling of the body. A relative air humidity of 40-50% is
comfortable. With a lower humidity {e.g. 30%} dust particles are liable
to fly around.

To maintain the quality of the air, controlled ventilation is ideal. The
CO, content of the air must be replaced by oxygen. A CO, content of
0.10% by volume should not be exceeded, and therefore in living
rooms and bedrooms provide for two to three air changes per hour.
The fresh air requirement of humans comes to about 32.0m3/h so the
air change in living rooms should be 0.4-0.8 times the room volume
per person/h.

water content of the air | suitability for breathing sensation

(g/kg)

gtos very good light, fresh

5t08 good normal

810 10 satisfactory still bearable

10 to 25 increasingly bad heavy, muggy

over 25 becoming dangerous very humid

41 water content of the air breathed out 37°C {100%)
over 41 water condenses in putmonary alveoli

absolute water relative temperature description
content {g/kg) humidity (%) (o]
2 50 0 fine winter’'s day, healthy
climate for lungs
5 100 4 fine autumnal day
5 40 18 very good room climate
8 50 21 good room climate
10 70 20 room climate too humid
28 100 30 tropical rain forest

@ Humidity values for air we breathe

Comparative relative humidity values
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@ Measured differences in electrical potential and divining rod
reactions above an underground watercourse

BUILDING BIOLOGY

For over a decade, medical doctors such as Dr Palm and Dr
Hartmann at the Research Forum for Geobiology, Eberbach-
Woldbrunn-Waldkatzenbach, among others, have been
researching the effects that the environment has on people: in
particular the effects of the ground, buildings, rooms, building
materials and installations.

Geological effects
Stretched across the whole of the earth is a so-called ‘global net’
+ (1) consisting of stationary waves, thought to be induced by the
sun. However, its regularity, according to Hartmann, is such that it
suggests an earthly radiation which emanates from inside the
earth and is effected by crystalline structures in the earth’s crust,
which orders it in such a network. The network is orientated
magnetically, in strips of about 200mm width, from the magnetic
north to south poles. In the central European area these appear at
a spacing of about 2.50m. At right angles to these are other strips
running in an east/west direction at a spacing of about 2m . (1.

These strips have been revealed, through experience, to
have psychologically detrimental effects, particutarly when one
is repeatedly at rest over a point of intersection for long periods
(e.g. when in bed) » (2. in addition to this, rooms which
correspond to the right angles of the net do not display the
same pathogenic influences.

These intersection points only become really pathogenic
when they coincide with geological disturbances, such as faults
or joints in the ground, or watercourses. The latter, in particular,
are the most influential -» (3). Hence, there is a cumulative effect
involved so the best situation is to make use of the undisturbed
zone or area of 1.80x2.30m between the global strips . 4.
According to Hartmann, the most effective action is to move the
bed out of the disturbance area, particularly away from the
intersection points . (5).

According to Palm, the apparent global net of about
2x2.50m is made up of haif-distance lines. The actual network
would be, as a result, a global net with strips at 4-5m and 5-6m
centres, running dead straight in the east/west direction all
round the earth. Every 7th one of these net strips is reported to
be of a so-called 2nd order and have an influence many times
greater than the others. Also based on sevenths, an even
stronger disturbance zone has been identified as a so-called 3rd
order. This is at a spacing of about 250 and 300m respectively.
The intersection points here are also felt particularly strongly.

Also according to Palm, in Europe there are deviations from
the above norm of up to 15% from the north/south and the
east/west directions. Americans have observed such strips with
the aid of very sensitive cameras from aeroplanes flying at a
height of several thousand meters. In addition to this, the
diagonals also form their own global net, running north-east to
south-west and from north-west to south-east - (6. This, too,
has its own pattern of strong sevenths, which are about one
quarter as strong again in their effect.

It is stated that locating of the global strips depends on the
reliability of the compass, and that modern building construction
can influence the needle of the compass. Thus variations of 1-2°¢
already result in faulty location and this is significant because the
edges of the strips are particularly pathogenic. Careful detection
of all the relationships requires much time and experience, and
often needs several investigations to cross-check the results. The
disturbance zones are located with divining rods or radio
equipment. Just as the radiation pattern is broken vertically at the
intersection between ground and air {i.e. at the earth's surface),
Endros has demonstrated with models that these breaks are also
detectable on the solid floors of multistorey buildings . (7). He
has shown a clear illustration of these breaks caused by an
underground stream » (§) and measured the strength of the
disturbances above a watercourse - (9).

The main detrimental effect of such pathogenic zones is that
of ‘devitalisation’: for example, tiredness, disturbances of the
heart, kidneys, circulation, breathing, stomach and metabolism,
and couid extend as far as serious chronic diseases such as
cancer. In most cases, moving the bed to a disturbance-free zone
gives relief within a short space of time » (5). The effect of so-
called neutralising apparatus is debatable, many of them having
been discovered to be a source of disturbance. Disturbance does
not occur, it seems, in rooms proportioned to the golden section
(e.g. height 3m, width 4m, length 5m) and round houses or
hexagonal pians (honeycomb) are also praised.
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Arrangement of atoms:
metal in solid phase

Arrangement of atoms:
metal in liquid phase
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@ Radiation from the ground
passes unhindered through
concrete floors

@ Atomic structure of calcite
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Asphalt sheeting diverts the southerly inclined radiation
away but ions at the beginning of the next room are
Iting in increased potential harm
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/ reinforced concrete
floor

e Cork granules or tongue and grooved cork sheets >25-30mm

1ad- bi

thick (not p d and
the harmful radiation

d) absorb

BUILDING BIOLOGY

Physicists recognise that matter exists in three ‘phases’, depending on
its temperature and external pressure: {(a} solid, {b} liquid and {c}
gaseous. For example, with water, when under 0°C it exists as a solid
(a), namely ice; at normal temperature = {b} = water; when over 100°
= (c) = steam. Other materials change phase at different temperatures.

The atoms or molecules that make up the material are in constant
motion. In solid metals, for example, the atoms vibrate around fixed
points in a crystalline structure -» (I). When heated, the movement
becomes increasingly agitated until the melting point is reached. At this
temperature, the bonds holding specific atoms together are broken
down and metal liquefaction occurs, enabling the atoms to move more
freely -» 2. Further heating causes more excitation of the atoms until the
boiling point is reached. Here, the motion is so energetic that the atoms
can escape all inter-atom forces of attraction and disperse to form the
gaseous state - (3. On the reverse side, all atomic or molecular
movement stops completely at absolute zero, 0 kelvin (0K = -273.15°)C).

These transitions in metals are, however, not typical of all
materials. The atomic or molecular arrangement of each material
gives it its own properties and dictates how it reacts to and affects its
surroundings. In the case of glass, for example, although it is
apparently solid at room temperature, it does not have a crystalline
structure, the atoms being in a random, amorphous state. It is,
therefore, technically, a supercooled liquid. The density of vapour
molecules in air depends on the temperature, so the water molecules
diffuse to the cooler side (where the density is lower). To replace
them, air molecules diffuse to the inside, both movements being
hindered by the diffusion resistance of the wall construction . @).

Many years of research on building materials by Schroder-Speck
suggests that organic materials absorb or break up radiation of mineral
origin. For instance, asphalt matting, with 100 mm strip edge overiaps
all round, placed on concrete floors diverted the previously penetrating
radiation. The adjacent room, however, received bundled diverted
rays. » & - @. In an alternative experiment, a granulated cork floor
showed a capacity to absorb the radiation. Cork sheets 25-30mm thick
(not compressed and sealed), tongued and grooved all round are also
suitable - @).

Clay is regarded as a 'healthy earth’ and bricks and roofing tiles
fired at about 950°C give the optimum living conditions. For
bricklaying, sulphur-free white lime is recommended, produced by
slaking burnt lime in a slaking pit and where fatty lime is produced
through maturation. Hydraulic lime should, however, be used in
walls subject to damp. Lime has well known antiseptic qualities and
is commonly used as a lime wash in stables and cow sheds.

Plaster is considered best when it is fired as far below 200°C as
possible, preferably with a constant humidity similar to animal
textiles {leather, silk etc.). Sandstone as a natural lime-sandstone is
acceptable but should not be used for complete walls.

Timber is light and warm and is the most vital of building
materials. Timber preservation treatments should be derived from
the distillation of wood itself {(e.g. as wood vinegar, wood oil or
wood tar). Timber reacts well to odours and it is therefore
recommended that genuine timber be used for interior cladding, if
necessary as plywood using natural glues. Ideally, the ‘old rules’
should be followed: timber felled only in winter, during the waning
moon, then watered for one year in a clay pit before it is sawn.
However, this is very expensive.

For insulation, natural building materials such as cork granules
and cork sheets (including those with bitumen coating) are
recommended, as well as all plant-based matting (e.g. sea grass,
coconut fibre etc.), together with expanded clay and diatomaceous
earth (fossil meal). Plastics, mineral fibres, mineral wool, glass fibre,
aerated concrete, foamed concrete and corrugated aluminium foil
are not considered to be satisfactory.

Normal glass for glazing or crystal glass counts as neutral. Better
still is quartz glass {or bio-glass), which transmits 70-80% of the
uitra-violet light. Doubts exist about coloured glass. Glazing units
with glass welded edges are preferable to those with metal or plastic
sealed edges. One is sceptical about coloured glass.

Metal is rejected by Palm for exterior walls, as well as for use on
large areas. This includes copper for roofs on dwellings {but not on
churches). Generally the advice is to avoid the extensive use of metal.
Copper is tolerated the best. Iron is rejected (radiators, allegedly, cause
disturbance in a radius of 4m). Zinc is also tolerated, as is lead. Bronze,
too, is acceptable (>75% copper) and aluminium is regarded as having
a future. Asbestos should not be used. With painting it is recommended
that a careful study is made of the contents and method of manufacture
of the paint in order to prevent the introduction of damaging radiation.
Plastics are generally regarded as having no harmful side effects.
Concrete, particularly reinforced concrete, is rejected in slabs and
arches but is, however, permitted in foundations and cellars.
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surface cable

The flex running around the @ Similarly to @ disturbances
bed head to the lamp disturbs can be eliminated by moving
the sleeping space. Health is the cable behind the bed head
best preserved if the plug is to the other side of the room
pulled out (according to {according to Hartmann)
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Electrical equipment creates areas of disturbance, made stronger
by concrete floors: radiation >2.9SU produced no problem;
>3 SU, more colds, rheumatism, bladder disorders etc.; >6SU,
powerful disturbances, with effects dependent on constitution
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Disturbance area around a transformer station, with harmful
effects on people in beds 9 to 12 {according to K.E. Lotz}

BUILDING BIOLOGY

A differentiation should be made between concrete with clinker
aggregate and man-made plaster {which have extremely high
radiation values) and ‘natural’ cement and plaster. Lightweight
concrete with expanded clay aggregate is tolerable.

All pipes for water {cold or hot), sewage or gas radiate to
their surroundings and can influence the organs of living
creatures as well as plants. Therefore, rooms that are occupied
by humans and animals for long periods of time (e.g. bedrooms
and living rooms) should be as far away as possible from
pipework. Consequently, it is recommended that all
installations are concentrated in the centre of the dweliing, in
the kitchen or bathroom, or collected together in a service wall
(> p. 277 ®).

There is a similar problem with electrical wiring carrying
alternating current. Even if current does not flow, electrical
fields with pathogenic effects are formed, and when current is
being drawn, the electromagnetic fields created are reputed to
be even more harmful. Dr Hartmann found an immediate cure
in one case of disturbed well-being by getting the patient to pull
out the plug and therefore eliminate the current in the flex
which went around the head of his bed —» (). In anocther case
similar symptoms were cured by moving a cable running
between an electric heater and the thermostat from behind the
head of the double bed to the other side of the room » (2.
Loose cables are particularly troublesome, as they produce a
50Hz alternating field syndrome. In addition, electrical
equipment, such as heaters, washing machines, dish washer,
boilers and, particularly, microwave ovens with defective seals,
situated next to or beneath bedrooms send out pathogenic
radiation through the walls and floors, so that the inhabitants
are often in an area of several influences - (3). Radiation can
largely be avoided in new buildings by using wiring with
appropriate insulating sheathing. In existing structures the only
solution is to re-lay the cables or switch off the current at the
meter. For this purpose it is now possible to obtain automatic
shut-off switches when no current is being consumed. In this
case, a separate circuit is required for appliances that run
constantly (e.g. freezers, refrigerators, boilers etc.).

Additionally, harmful radiation covers large areas around
transformer stations {Schroder-Speck measured radiation from
a 10-20000V station as far away as 30-50m to the north and
120-150m to the south), electric railways and high-voltage
power lines. Even the power earthing of many closely spaced
houses can give rise to pathogenic effects.

The human metabolism is influenced by ions (electrically
charged particles). A person in the open air is subjected to an
electrical voltage of about 180V, although under very slight
current due to the lack of a charge carrier. There can be up to
several thousand ions in one cubic metre of air, depending on
geographical location and local conditions - @. They vary in
size and it is the medium and small ions that have a biological
effect. A strong electrical force field is produced between the
mostly negatively charged surface of the earth and the
positively charged air and this affects the body. The research of
Tschishewskij in the 1920s revealed the beneficial influence of
negative ions on animals and humans, and showed a
progressive reduction in the electrical potential of humans with
increasing age. In addition, the more negative ions there are in
the air, the slower the rate at which humans age. Research in
the last 50 years has also confirmed the beneficial effects of
negative ions in the treatment of high blood pressure, asthma,
circulation problems and rheumatism. The positive ions are
predominant in closed rooms, particularly if they are dusty,
rocms; but only negatively charged oxygenated air is
biologically valuable. There is a large choice of devices which
can be placed in work and utility rooms to artificially produce
the negative ions (i.e. which produce the desirable steady field).
Such steady fields (continuous current fields) change the
polarisation of undesirably charged ions to create improved
room air conditions. The devices are available in the form of
ceiling electrodes and table or floor mounted units.

(SU is a measurement vaiue; derived from Suhr, the home
town of Schroder-Speck)
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Black areas and objects To make black and white
appear smaller than those areas look equal in size,
of the same size which are the latter must be drawn
white: the same applies to smaller

parts of buildings
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Although both are equal Two identical people seem

in diameter, circle A looks different in height if the
larger when surrounded by rules of perspective are
circles that have a not observed

smaller relative size

with different divisions, identical rooms can appear to differ in size and form

Dynamic effect @ Static effect
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THE EYE: PERCEPTION
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These vertical rules are Lengths a and b are equalt,
actually parallel but appear as are A-F and F-D, but
to converge because of arr heads and dissimilar
the oblique hatching surrounds make them

appear different

e b d

The colour and pattern of clothing can change people’s appearance:
(a) thinner in black (black absorbs light); (b} more portly in white
{white spreads light); (c) taller in vertical stripes; {d} broader in
horizontal stripes; (e) taller and broader in checked patterns
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Vertical dimensions appear disproportionately more impressive
to the eye than horizontal ones of the same size
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The perception of scale is changed by the ratio of the window

area to the remaining area of wall as well as by architecturai

articulation (i.e. vertical, horizontal or mixed — (0); glazing bars can contribute substantially to this
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The positioning of windows, doors and furnishin S

can give a room different spatial appearances: long
and narrow; @ seems shorter with the bed across the
room, or the table below the window; @ with windows
opposite the door and appropriate furniture, the room
seems more wide than deep

@ A structure can appear The walls slanting suitably
taller if viewed from above; inward seem vertical; steps,
there is a greater feeling of cornices and friezes when

certainty when looking up bowed correctly upwards
look horizontal



@ The perception of a low room
is gained ‘at a glance’ {i.e.
still picture)

2 horizon

The human field of vision
(head still, moving the eyes
only) is 54° horizontally,
27° upwards and 10°

downwards outstretched hand)
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In higher rooms, the eyes
must scan upwards {i.e. scan
picture)

eye

_—

The field of view of the
normal fixed eye takes in a
perimeter of 1° (approx. the
area of a thumbnail of an

viewing distance E = object size + tan 0°1"

object size = E x tan 0°1" = 0.000291E

The eye can resolve detail within a perimeter of only 0°1° (the

field of reading), thus limiting the di at which objects

and sh. can be disti

P 9

h =5 parts
only appticable with N
good iltumination;
otherwise 172 to
twice the size

e
—

w > Extan 0°1 = E + 3450
E <3450 xw

To be readable at a distance
of, say, 700m the width w
of the letters must be:
>700x0.000291 = 0.204;
height h is usually Sw:
5x0.204 = 1.020m

— 1h —
finer details
— 2h —
general appearance
k 3h al

total overview of surrounding area

Street widths play an

important role in the level
of detail which is perceived
from ground level

ished accuratety — (&

} 1

As in the previous examples,
the size of structural parts
which are differentiable

can be calculated using the
viewing distance and
trigonometry

individual
features can
present larger
surfaces to the
eye with a
little shaping

. beading on
the main
cornice

torus at the foot
of a pillar of the
Erechtheion

Parts of buildings meant

to be seen but sited above
projections must be placed
sufficiently high up {see a)

THE EYE: PERCEPTION
Interpretation

The activity of the eye is divided into seeing and observing.
Seeing first of all serves our physical safety but observing
takes over where seeing finishes; it leads to enjoyment of
the ‘pictures’ registered through seeing. One can
differentiate between a still and a scanned picture by the
way that the eye stays on an object or scans along it. The
still picture is displayed in a segment of the area of a circle,
whose diameter is the same as the distance of the eye from
the object. Inside this field of view the objects appear to the
eye ‘at a glance’ - (3). The ideal still picture is displayed in
balance. Balance is the first characteristic of architectural
beauty. {(Physiologists are working on a theory of the sixth
sense — the sense of balance or static sense — that underpins
the sense of beauty we feel with regard to symmetrical,
harmonious things and proportions (- pp. 27-30) or when
we are faced with elements that are in balance.)

Outside this framework, the eye receives its impressions
by scanning the picture. The scanning eye works forward
along the obstacles of resistance which it meets as it directs
itself away from us in width or depth. Obstacles of the same
or recurring distances are detected by the eye as a ‘beat’ or
a ‘rhythm’, which has the same appeal as the sounds
received by the ear from music. ‘Architecture is Frozen
Music. This effect occurs even when regarding a still or
scanned picture of an enclosed area > @) and @).

A room whose top demarcation (the ceiling) we
recognise in the still picture gives a feeling of security, but
on the other hand in long rooms it gives a feeling of
depression. With a high ceiling, which the eye can only
recognise at first by scanning, the room appears free and
sublime, provided that the distance between the walls, and
hence the general proportions, are in harmony. Designers
must be careful with this because the eye is susceptible to
optical illusions. [t estimates the extent of width more
exactly than depths or heights, the latter always appearing
larger. Thus a tower seems much higher when seen from
above rather than from below - p. 24 and @. Vertical
edges have the effect of overhanging at the top and
horizontal ones of curving up in the middle - p. 24 O - @),
. When taking these things into account, the designer
should not resort to the other extreme (Baroque) and, for
example, reinforce the effect of perspective by inclined
windows and cornices (St Peter's in Rome) or even by
cornices and vaulting painted in perspective and the like.
The decisive factor for the measurement of size is the size
of the field of view - 3 and, if applicable, the field of vision
- @ and, for the exact differentiation of details, the size of
the field of reading » & and ®. The distance of the latter
determines the size of the details to be differentiated.

The Greeks complied exactly with this rule. The size of
the smallest moulding under the cornice of the individual
temples of varying height is so dimensioned that, at an
angular distance of 27° , (@), it complies with the reading
field of 0°1". From this also results the reading distances for
books {which varies with the size of the letters) and the
seating plans for auditoriums etc.
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red active
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orange}

blue

green passive
Goethe’s natural colour circle: Bright and dark colours and
red-blue-yellow triangle are their effect on humans
basic colours {from which all
colours can be mixed); green-
orange-violet triangle shows
colour mixtures of the first

rank
red carmine X
purple bright red
purple orange
violet orange
red
violet yellow violet yellow
blue
ultra-
" greeny
marine
blue greeny ! yellow
yellow cyan green
green blue biuey

green

The colour circle’s twelve
segments

Light and heavy colours
(not the same as bright
and dark colours — @):
create a ‘heavy’ feeling

/

Dark colours make a room
heavy: rooms seem to be
lower, if ceilings are heavily
coloured

Bright colours give a lift:
rooms seem higher with
emphasis on walls and
light ceilings

Long rooms seem shorter e White as a dominant colour,
if end cross walls stand e.g. in laboratories, factories
out heavily etc.

Brightness of surfaces

MAN AND COLOUR

Colours have a power over humans. They can create
feelings of well-being, unease, activity or passivity, for
instance. Colouring in factories, offices or schools can
enhance or reduce performance; in hospitals it can have a
positive influence on patients’ health. This influence works
indirectly through making rooms appear wider or narrower,
thereby giving an impression of space, which promotes a
feeling of restriction or freedom » ® - (@. It also works
directly through the physical reactions or impulses evoked
by the individual colours -> @) and (). The strongest impulse
effect comes from orange; then follow yellow, red, green,
and purple. The weakest impulse effect comes from blue,
greeny biue and violet (i.e. cold and passive colours).

Strong impulse colours are suitable only for small areas
in a room. Conversely, low impulse colours can be used for
large areas. Warm colours have an active and stimulating
effect, which in certain circumstances can be exciting. Cold
colours have a passive effect — calming and spiritual. Green
causes nervous tension. The effects produced by colour
also depend on brightness and location.

Warm and bright colours viewed overhead have a
spiritually stimulating effect; viewed from the side, a
warming, drawing closer effect; and, seen below, a
lightening, elevating effect.

Warm and dark colours viewed above are enclosing or
dignified; seen from the side, embracing; and, seen below,
suggest safe to grip and to tread on.

Cold and bright colours above brighten things up and
are relaxing; from the side they seem to lead away; and,
seen below, look smooth and stimulating for walking on.

Cold and dark colours are threatening when above; cold
and sad from the side; and burdensome, dragging down,
when below.

White is the colour of total purity, cleanliness and order.
White plays a leading role in the colour design of rooms,
breaking up and neutralising other groups of colours, and
thereby create an invigorating brightness. As the colour of
order, white is used as the characteristic surface for
warehouses and storage places, for road lines and traffic
markings -» ®.

Y /LL

Dark elements in front of @ Bright elements in front of

a bright wall give a a dark background seem

powerful effect lighter, particularly when
over-dimensioned

Values between theoretical white (100%) and absclute black (0%)

white paper 84  light brown approx. 25
chalky white 80  pure beige approx. 25
citron yellow 70  mid brown approx. 15
ivory approx. 70 salmon pink approx. 40
cream approx. 70 full scarlet 16
gold yetlow, pure 60 carmine 10
straw yellow 60  deep violet approx. 5
light ochre approx. 60 light blue 40-50
pure chrome yellow 50 deep sky blue 30
pure orange 25-30 turquoise blue, pure 15

grass green approx. 20  asphalt, dry approx. 20
lime green, pastel approx. 50 asphalt, wet approx. 5
silver grey approx. 35  oak, dark approx. 18
grey lime plaster approx. 42 oak, light approx. 33
dry concrete, grey approx. 32 walnut approx. 18
plywood approx. 38  light spruce approx. 50
yellow brick approx. 32  aluminium foil 83
red brick approx. 18 galvanised iron sheet 16
dark clinker approx. 10

mid stone colour 35



DIMENSIONAL RELATIONSHIPS

fourth 3/4 : a
octave 1/2 third 4/5 Basis § :
sixth 3/6 1 ‘ ‘ |
1 There have been agreements on the dimensioning of :

5 1' 5 buildings since early times. Essential specific data s

. originated in the time of Pythagoras. He started from the -

== ! 5—-e basis that the numerical proportions found in acoustics : §

o | s must also be optically harmonious. From this, Pythagoras =

ftth 273 | developed his right-angled triangle - (1. It contains all the :

6 prime 1/1 harmonious interval proportions, but excludes both the !
minor third 5/6 disharmonious intervals {i.e. the second and seventh). :
@ Pythagoras’s gle includ @ Pythagoras's triangle Space measurements are supposed to have been ‘

all interval proportions and
excludes the disharmonious
second and seventh

derived from these numerical proportions. Pythagoras or
diophantine equations resulted in groups of numerais (@
- @ that should be used for the width, height and length of
rooms. These groups can be calculated using the formula

[« a |bic |B m {xly
36°87'| 3| 4| 5(8313|1 |12 a? + b? = c2
22°62'| 5[12}13 |67°38|1 |23 a? 4+ b2 = ¢2
16°26'| 7[24 (25 |73°74|1 |34 a=miy? - x2)
28°07'| 815 (17 [61°93| 053 |5 b=me2exey
12°68'| 9140 |41|77°32|1 |45 ¢ = miy? + x2)
18°92'|12135 |37 [ 71°08'| 0.5 |5 |7 s 13
Py ; in this x and y are all whole numbers, x is smaller than
43°60'|20 |21 |28 [ 46°40'| 05 |3 |7 n Y ' Y.
31°89' |28 | 45 |53 | 58°11' 1 05 |5 | 9 and m is the magnification or reduction factor.

12 The geometric shapes named by Plato and Vitruvius are

Some ical relationship @ Example also of critical importance (i.e. circle, triangle -> (§) and square
from Pythagoras’s equations > ® from which polygonal traverses can be constructed).

The respective bisection then results in further poiygonal
traverses. Other polygonal traverses {e.g. heptagon - (9,
nonagon - @) can only be formed by approximation or by
superimposition. So we can construct a fifteen-sided figure
> by superimposing the equilateral triangle on the
pentagon.

The pentagon or pentagram has a natural relationship
with the golden section, just like the decagon which is
derived from it 49, € and - p. 30. However, in earlier times
its particular dimensional relationships found hardly any
application. Polygonal traverses are necessary for the
design and construction of so-called ‘round’ structures. The
determination of the most important measurements (radius
r, chord ¢, and height of a triangle h) are shown in - 3 and

@ Equil al triangle, hexag @ Square @

} i

bisection of the radius .» B; ¥ 1

arc at Bwith AB . C straight BC bisects AM at D; R

A-C . side of a pentagon BD is approx. /7 of the circumference arc of the circle at A with AB results
of the circle in point D on AC = ¢,;

arc of the circle at C with CM results

in point E on arc of BD = a;

segment DE approximately corresponds
with /s of the circle’s circumference .~ D

Approximated nonagon

=re«sinP}

@ Pentagon

—M——m—

]
2
®
®
3
®
3
a
B
-]
[¢]
n
alN
!

=1 @ Approximated heptagon

[N

c=2+r+sinf

VAWA X/
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——f———+—3—

<.

h=3

cotanf}

@ Pentagon and golden section Decagon and the golden Measurement calculation in -» 43 formula
section polygonal traverse — p. 28
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@ /4 triangle
{according to A. V. Drach)
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Squares developed from the
octagon — @ -

N7 = 2.646

V6 = 2.450

vh = 2236

v4 = 2.000
(double square)

v3=1.732

[E—
@ 1:12 rectangle

@ Connection between square

roots

P

Non-rectangular co-ordination -
MERO space frames: building
> pp. 90-91

on \2 and \3

’%—

—_1

Step ladder of square roots

7

10

10

14

5
5
20
28
40
28
The ‘Snail’
N
vil \3 v
1 1
V3 [v2

DIMENSIONAL RELATIONSHIPS

Basis

A right-angled isosceles (i.e. having two
equal sides) triangle with a base-to-height

ratio of 1:2 is the triangle of quadrature.
An isosceles triangle with a base and

sides that can be contained by a square was
successfully used by Knauth, the master of
cathedral construction, for the determination
of the dimensional relationships for the
Strasbourg Cathedral.

Drach’s n/4 triangle - () is somewhat
more pointed than the previous one described, as its height
is determined by the point of a slewed square. It, too, was
successfully used for details and components.

Apart from these figures, the dimensional proportions of
the octagon can be detected on a whole range of old
structures. The so-called diagonal triangle serves as a basis
here. The triangle’s height is the diagonal of the square built
on half the base - @ - @.

The sides of the rectangle depicted in (&) have a ratio of
1:¥2. In accordance with this, all halvings or doublings of
the rectangle have the same ratio of 1: v2. The 'step ladders’
within an octagon make available the geometric ranges in
@ - @. The steps of square roots from 1-7 are shown in ®-
The connection between square roots of whole numbers is
shown in .

The process of factoring makes possible the application
of square roots for building in non-rectangular components.
By building up approximated values for square figures,
Mengeringhausen developed the MERO space frames. The
principle is the so-called ‘snail’ - @ - . The inaccuracies
of the right angle are compensated for by the screw
connections of the rods at the joints. A subtly differentiated
approximated calculation of square roots of whole numbers
vn for non-rectangular components is available from the
use of continued fractions (> p. 30) in the formula
expressed as G =

vn=1+021
1+G
G=V2=1 -
é?T}q»z_‘
=/2-1
AR S Sy P
8 AR/

e}

1.5, 44— Niw
1.4, 44— nin

|

V2 = 1.4142135

141667, ¢— 3|
1.41379, ¢—— Q|2

1.4142057.4—— 3|8
1.4142011 7 . | %IQ

1 T ‘
05 2k?3/ 15
06 5u7 14
0.58333 . .. 12“17 141667 .
0.58621 . . 29!41 141379 . ..
0.5857143 . .. 70]99 14142857
0.5857969 . . . 169 § 230 1414201
0.5857865 . . . V2 14142135 . .

@ Continued fraction \2
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Roman theatre {according to

Vitruvius)

Dimensional proportions of
the gable corner of a Doric
temple on the basis of the
golden section (according

to Moessel)
square of the
Holy Section

i

T A1

square base

Holy Section, building in
Antica-Ostia

-

el

Greek theatre (according to
Vitruvius)

newest
cavea
oldest
cavea
orchestra
scenery
storage
side
gangway
retaining
wall

G oRw N

@

X x yix (v2 = 1.4142..)
1 1 1

2 3 1.5

5 7 1.4

12 17 1.4/66...
24 41 1.4/37...

DIMENSIONAL RELATIONSHIPS
Application

The application of geometrical and dimensional relationships on
the basis of the details given earlier was described by Vitruvius.
According to his investigations, the Roman theatre, for example,
is built on the triangle turned four times - (1) the Greek theatre
on a square turned three times » (2). Both designs result in a
dodecagon. This is recognisable on the stairs. Moessel has tried
to detect the use of proportional relationships in accordance with
the golden section - (3), although this is not obvious. The only
Greek theatre whose plan view is based on a pentagon stands in
Epidaurus - @.

In a housing estate recently uncovered in Antica-Ostia, the old
harbour of Rome, the golden section is recognised as being the
design principle. This principle consists of a bisection of the
diagonal of a square. If the points at which the arc of the circle cuts
the sides of the square are joined with \2/2, a nine-part grid is
obtained. The square in the middle is called the square of the Holy
Section. The arc AB has up to a 0.6% deviation and the same
length as the diagonal CD of the base square. Thus the Holy
Section shows an approximate method for squaring the circle -
(® - ®. The whole building complex, from site plan to the general
arrangement details, is built with these dimensional proportions.

In his four books on architecture, Palladio gives a
geometrical key, which is based on the details given by
Pythagoras. He uses the same space relationships (circle,
triangle, square, etc.) and harmonies for his structures ( - ©)
and (9).

Such laws of proportion can be found formulated in
absolutely clear rules by the cultures of the ancient peoples of
the Far East - (). The Indians with their ‘Manasara’, the
Chinese with their modulation in accordance with the ‘Toukou’
and, particularly, the Japanese with their ‘Kiwariho’ method

have created structural systematics, which guarantee
traditional development and offer immense economic
advantages.

In the 18th century and later, it was not a harmonic but an
additive arrangement of dimensions which was preferred » .
The Octameter system developed from this. It was only with the
introduction of the modular ordering system that the
understanding of harmonic and proportional dimensional
relationships returned — @ and G4. Details of the coordination
system and coordination dimensions are given on pp. 34-5.

Plan view of the whole
installation
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AB
2
A 2
E B8
— t —
major minor
, [ — .
major minor
Geometric design of the @ Connection between square,
golden section circle, and triangle
b——m=0382 —+—— — _M=-0618——- —
1 i ,{ \ - 2 parts
Y P W - 3 parts
2 F‘{ I 3 - 5 parts
l 3] I [ s ] [ - 8 parts
A O B ' e o T
T I Isl TIATTTI T8 [ [T ] 21pems
I T T T TR [T 3¢ warts
-~ 55 parts
~ 89 parts
~ 144 parts
representation of the Lamesch Row from Neufert
‘Bauordnungslehre’
@ Continued fraction: golden section
216
1
=14 —
G=1+3
1
G=1+ 11
1+

+1
1.
@ Proportional figure
values expressed in the metric system
red row: re blue row: bt
centimetre metre centimetre metre
95280.7 952.8
58886.87 588.86 1177735 1177.73
36394.0 363.94 72788.0 727.88
224927 22492 44985.5 449.85
13901.3 139.01 278025 278.02
8531.4 85.91 17182.9 171.83
5309.8 53.10 10619.6 106.19
32816 32.81 6563.3 65.63
2028.2 20.28 4056.3 40.56
12535 12.53 2506.9 2507
774.7 7.74 1549.4 15.49
478.8 4.79 957.6 9.57
2959 2.96 591.8 5.92
1829 1.83 365.8 3.66
113.0 1.13 226.0 2.26
639.8 0.70 139.7 1.40
43.2 0.43 86.3 0.86
26.7 0.27 53.4 0.53
16.5 0.16 33.0 0.33
10.2 0.10 204 0.20
6.3 0.06 78 0.08
2.4 0.02 48 0.04
15 0.01 3.0 0.03
03 1.8 0.01
0.6 1.1
Expl. ion of the val and sets of the Le Modulor according

to Le Corbusier

DIMENSIONAL RELATIONSHIPS
Application of Le Modulor

The architect Le Corbusier developed a theory of
proportion, which is based on the golden section and the
dimensions of the human body. The golden section of a
segment of a line can be determined either geometrically or
by formulae. It means that a line segment can be divided so
that the whole of the line segment can be related to a bigger
dividing segment, just as the larger is to the smaller - @.
Thatis: _ 1 major
major minor

and shows the connection of proportional reiationships
between the square, the circle and the triangle - (2).

The golden section of a iine segment can also be
determined by a continued fraction

G=1+1
G

This is the simplest unending regular continued fraction. Le
Corbusier marked out three intervals in the human body,
which form a known golden section series according to
Fibonacci. These are between the foot, the solar plexus, the
head, the finger of the raised hand. First of all Le Corbusier
started out from the known average height for Europeans
(1.75m - pp. 16-17), which he divided up in accordance
with the golden section into 108.2 - 66.8 - 41.45 - 25.4cm »
@.
As this last dimension was almost exactly equal to 10
inches, he found in this way a connection with the English
inch, although not for the larger dimensions. For this
reason, Le Corbusier changed over in 1947 to 6 English feet
(1.828m) as the height of the body. By golden section
division he built the red row up and down > (5. As the steps
in this row are much too big for practical use, he also built
up a blue row, starting from 2.26m {i.e. the finger tips of the
raised hand), which gave doubie the values expressed in
the red row - (®. The values of the red and blue rows were
converted by Le Corbusier into dimensions which were
practically applicable.

175 218
c 3
108 3 B
* 2
unit A =108
double B=216

@Qincreaseinlengthof A=C=175
@ reduction in length of B =D =83

The limitless values of figures



For any construction project, completed standard description
forms give the most valuable and clearest information, and are
ideal for estimating, for the construction supervisor and as a
permanent reference in the site office. Any time-consuming
queries based on false information are virtually eliminated; the
time gained more than compensating the effort involved in
completing the record book. At the top of the form, there are
columns for entering relevant room dimensions, in a way easily
referred to. The inputs are most simply made using key words.
The column ‘size’ should be used merely for entry of the
necessary dimensions of the items, e.g., the height of the
skirting board or the frieze, the width of the window sill, etc.
Finally, several spaces are provided for special components. A
space should be left free under each heading, so that the form
can easily be extended for special cases. The reverse side of the
form is best left free so that drawings may be added to
elaborate on the room description on the next sheet. The A4
format pages are duplicated, each position containing exactly
the same text; the sheets are kept up to date and eventually
bound together. At the conclusion of the building work, the
record book is the basis for the settlement of claims, using the
dimensions at the head of the room pages. Later, the record
book provides an objective record of progress, and is available
for those with specialist knowledge.

Standard Numbering System

Metric units of linear measurement were first defined in France
in 1790, although official recognition did not take place until
1840. The metre was established as the new decimal unit of
length on a scientific basis, defined as the length of a simple
pendulum having a swing of one second at sea level on latitude
45°. A standard numbering system was devised in Germany,
shortly after World War |, to achieve uniformity and
standardisation in the measurement of machines and technical
equipment — a system also used in France and the USA. The
starting point for measurement is the Continental unit of
measurement: the metre. In the Imperial system {(used in the
UK, USA and elsewhere), 40 inches = 1.016m =~ 1.00m.

The requirement of building technology for geometrical
subdivisions precluded the use of the purely decimal
subdivision of the metre, so the Standard Numbering System,
based on the structure of 2s, was introduced into the decimal
structure: 1, 2, 4, 8, 16, 31.5, 63, 125, 250, 500, 1000 - (2). (The
coarser 5-part division and the finer 20- and 40-part division
series are inserted appropriately with their intermediate
values.) The geometrical 10-part division of the standard
number series was formed from the halving series (1000, 500,
250, 125, ...) and from the doubling series (1, 2, 4, 8, 16, ...).
Because n = 3.14 and \10 = 3.16, the number 32, following 16 in
the series, was rounded down to 31.5. Similarly, in the halving
sequence, 62.5 was rounded up to 63.

Standard numbers offer many advantages in calculations:

1 the product and quotient of any two standard numbers are
standard numbers

2 integer powers of standard numbers are standard numbers,
and

3 double (or half) a standard number is a standard number.

Building measurements

In contrast to engineering, in building construction, there is little
requirement for a geometric division as opposed to the
prevailing arithmetic addition of identical structural components
{e.g. blocks, beams, joists, girders, columns and windows).
Routine measurements for standard components must,
therefore, comply with these requirements. However, they
should also conform to concepts of technical standardisation
and the standard numbering system. A standard system of
measurement for building construction was based on the
standard numbering system, and this is the basis for many
further building standards and of measurement for design and
construction, particularly in building construction above ground.

BUILDING SUPERVISION

room no. ...\
length [ width | area height [deduct_[vol ded It
subject 9 educt jvol.deduc | resu N
! ) Lim) [im?) Lim) lion tm3fnon b | (mh) remarks
aiesne| 70 So “ao 35 wo - 140
3w 20
T
code] NG element size material |type finish colour ~ remarks
1 0 m*| floor W
1a 13 = | skirting 2/00m m Lok fothesiad| w »
2 58 mb| wall sockets am fof . 3 2 e Fd iy
2a w2 =3 wall g . [CHXTES, Pb.#) “eTae
2b| 28 | frece > ;o1 - Laimidorbs
3 0 =4 celing » . v R
4 N door 92/208 | Bladew loafintlsy Lofast | aesie
4a 3 arehutrave 12 b » Ed . PO
an 2 door lining 8. o N .
4 2 door ironmongery a0nplarereys. —_—_d
ad lock group . I . .
5 3 window e | Kiafaw &.w -—“p
55 be curtain rods 19y . ~’--t
sb wonmongery .
scf 3 cosures ik E ot | it
5 window si y g . ,
I e AT S paml =y e ¥
6a pipes _
b 1 cover 20130 "
; ; :g:x{gam quilte piint e | wel “"" _'“'4"') : .
9 3 switches ‘-f"“' b e L-'-‘- ...&.T Vg
9a plugs
10 ! publc telephone S. "N-"’-—‘ ooy || o Taebbon
10a s house telephone ’ baned
N M bell push Subilite Arme | diaobiar by
11a bell . . o Yoo Al
12 wash basin s~y Byettiorony st it R hr 3 Paabnannd
12a hot.cold . .
26 taps . Eanend
13 1 budt i cupboards | @¢1eIse  |&iedee hehth | b
4 » | Otheriems Todbanrn e ] Lotals
5 furniture & vt en s N

@ A sheet from the room record book

BASIC MEASUREMENT

‘\3 / 2 = 1‘0l 1 O@ coupling with decimal and doubiing/halving systems 1 on

nt n
approx. @ n2 vi1o 2n gl

values
1
() 25 <T8> (20 [25] <@B>(4) [s]<@>(8 0
<23 (08) [20] <z5> (32) 0] <G> (&) (80! <100~
(125) {1601 <Z03> (250) [315] <@00> (500 [em] «g0d™ (1000

2
mantissas
4} Al 2 3 4 5 6 N .8 9 0
coupling with measurement system: 2.5m = 25dm = 250cm = 2500 mm
Kienzle
T.H. Berlin standard number series R10 K 4444
1941

@ Representation of the Standard Number Series (base series 10}

Standard measurements

The controlling dimensions are dimensions between key
reference planes (e.g. floor-to-floor height}; they provide not
only a framework for design but also a basis which components
and assemblies may refer to - 3.

Standard dimensions are theoretical but, in practice, they
provide the basis for individual, basic structural and finished
measurements; thus all building components are linked in an
organised way (e.g. standard building brick length = 250mm
(225mm in UK), in situ concrete wall thickness = 250mm.}

controlbng controlhng ;

B one i

controlling

controlhng

dimensian

Q((m(m\lmg Q

f‘
e

controthing
Jimension

- dimension

*
*
*r*

axial lines

zone boundaries

@ Horizontal controlling dimension
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BASIC MEASUREMENTS

preferred series for basic preferred series for preferred series for Individual (mostly sma[l) dimensions are used for details of
constructon endividual finishing basic construction/ finishing (e.g., thickness of joints/ plaster,
a ¢ d e f 9 h ; dimensions of rebates, wall fixings/tolerances). Basic
25 25 25 25 | 25-5 5 2.5 | aus | 5.5 structural measurements relate, for example, to masonry
2 3 4 10 2 b * b - . .
{excluding plaster thicknesses), structural floor thicknesses,
:5 unplastered doors and window openings. Finished
6/ 75 measurements refer to the finished building (e.g. net
8 10 10 10 measurements of surface finished rooms and openings, net
127 125 - o .
121 18 15 areas and finished floor levels). For building construction
16273 17.5 without joints, nominal dimensions equal the standard
18 §25 20 20 20 dimensions; with joints, the allowance for the joint is
25 25 25 25 25 25 25 subtracted: e.g. building brick nominal length = standard
75 length (2560 mm) - thickness of intermediate joint (10mm) =
31 | 30 30 30 240mm; nominal thickness of in-situ concrete walls =
33 355 . standard thickness = 250mm. In accordance with the
3712 37 | 375 standard number and measurement systems, small
4123 40 40 40 40 dimensions {<25mm}, are chosen {in mm) as: 25, 20, 16,12.5,
3,
soes 10, 8, 6.3, 5, 3.2, 2.5, 2, 1.6, 1.25, 1. in many European
50 50 50 50 50 50 50 50 countries, even small structural components conform with
52.5 the standard building numbering system, e.g. standardised
56'/s | 55 55 building bricks. A nominal brick dimension of 240x115mm
1 . .
585 23'5 0 60 60 reconciles the old non-metric format (250x120mm or
8212 822 | 625 260x130mm with joints}) with the new standard
65 85 (250x125mm with joints). With the appropriate height, with
662/3 683/4 67.5 .. . . . . .
70 70 70 joint, of 62.5mm {(nominal brick dimension = 52mm), this
72.5 gives an aspect ratio of 250x125x62.5 - 4:2:1. - @
75 75 75 75 75 75 75 . . . -
Other basic construction component dimensions {e.g.
775 concrete blocks - p. 63, window and door openings - p.
81ve | 80 80 80 80 . ;
8313 825 176-87 and floor levels) are similarly aligned, so these
85 85 numerical values reoccur. The UK brickwork dimensions
872 9125 871 33'5 % % differ: in the past, large variations in the size of ordinary
933 | 925 fired clay products often led to critical problems when
95 95 bonding clay bricks; now, BS 3921: 1835 provides one
975 . . . R . R
w00 | 100 100 100 100 100 100 100 100 standard for dimensioning (- (®): coordinating size
(225x112.5x75mm, including 10mm in each direction for
@ Standard building di . joints and tolerances), and the relating work size {215 (2
tandard building dimensions headers plus 1 joint) x 102.5 x 65mm).
M= s
- ‘“\ 12 i B|
x =
- 625
| 62.5 -
~~_ —
1=
standard dimensions: 250 « 125 x 62.5mm ]
nominal dimensions: 240 x 115 x 62mm
elevation

@ N 1 and dard di s for conti | European wali bricks

o 8 | | I Il I [ Snecpurzecf
= - | | | N O I e
S | | I I [N

< I 1| | | (I |

S I I I il L o
I | | o

65 mm: actual

75 mm: format

10 10 10 10 102.5 mm: actual
1025 H 1025 t 102.5 i 102.5H 1125 mm. format

215 mm: actual
1925 1125 1125 1125 225 mm. format

0402519 %102.51%102.5"°
., t t H H

10 10
102 5%% 102.5 ;

‘
T

; 1125 ; 1125 4 1125 ; 112.5 ; 112.5 ;

@ A wall elevation illustrating brick sizes in the UK

Standard dimensions for

basic construction {RR} and
nominal dimensions (NM}
for brickwork

For openings: NM = RR + 2
~ 1/2 joint = RR + 2.5 mm




Japan has the oldest building size regulations where,
following the great fire in Tokyo in 1657, the style and size
of houses were laid down on the basis of systematic
measurement according to the ‘Kiwariho method’. The
basic dimension was the Ken = 6 Japanese feet = 1.818m.
The distances between the wall axes were measured in half
or whole Ken, windows doors and even mat sizes were
determined on this basis, which considerably simplified
house building in Japan, making it quicker and cheaper.
Examples -» BOL.

In Germany, a similar system was developed in the area
of half-timbered construction, prior to the introduction of
the metre. The determining unit was the Prussian foot,
which was most widely propagated and corresponded to
the Rhenish and Danish foot.

The dimension between the axes of uprights was mostly
1 Gefach = 2 Ellen = 4 feet » (). The Prussian, Rhenish and
Danish foot, still in use in building practice in Denmark, is
translated as 312.5mm, the Elle as 625mm and the Gefach
as 1.25m, in the metric system. Private construction firms
had adopted a similar system of 1.256m, for their system
buildings, particularly for wood panel construction.

The UK and USA adopted a system of measurement
based on 4 feet, which is close to 1.25m, with 4 English feet
= 1.219m. Building panels {e.g. hardboard} manufactured
on US machines are therefore 1.25m wide in countries
using the metric system. German pumice boards for roofs
also have the standard dimension of 2 x 1.26 = 2.50m, the
same as plaster boards. Finally, 125 is the preferred number
in the standard number system. The series of
measurements resulting from 1.25m was standardised in
Germany in 1942 with the corresponding roof slopes - .
In the meantime, thousands of types of structural
components have been produced to this system of
measurement. The distance between the axes of beams in
finished ceilings today is, accordingly, usually 125/2 =
625mm = the length of the stride of a human adult - p. 17.

Unified distances between axes for factory and
industrial premises and accommodation
Industrial structures and structures for accommodation are
mostly subdivided in plan into a series of axes at right
angles. The line of measurement for these axes is always
the axis of the structural system of the construction. The
separations between axes are dimensional components of
the plan, which determine the position of columns,
supports, the centres of walls, etc. In the case of rigid
frames, the centre axes of the bearing points of the
foundations are decisive. The measurements are always
referenced to the horizontal plan and vertical projection
plane, even in the case of sloping roofs.

In industrial structures, a basic measurement of 2.5m
applies to the spacing of axes. Multiples of this give axis
spacing of 5.0, 7.5 and 10.0m, etc. In special cases

Hill LU L LG

Il

—*——-ns—*———us——*——us——*——-us—*—azs———:r—h o
M

__*_ 2 ellen + 2 ellen —aL— 2 etlen —)k— 2 ellen —k— 2 ellen —i—
— 4 feet —— 4 feet _*_ 4 feet —y— 4 feet —f— 4 feet

Oid Danish framed building with 1 "Gefach’ separation between
the axes of the uprights

BASIC MEASUREMENTS

(accommodation or slab structures), a basic measurement
of 2.50/2 = 1.25m, or a multiple thereof, can be used. This
results in intermediate dimensions of 1.25, 3.75, 6.25,
8.75m. However, so far as possible, these sub-dimensions
should not be used above 10m.

Appropriate geometric steps over 10m are recommended
as follows: 12.50m, 15.00m, 20.00m, 25.00m, 30.00m,
40.00m, 50.00m, 60.00m, {62.50m), 80.00m, 100.00m.

Roof slopes depend on the type of roofing and the sub-
construction employed. The following roof slopes have been
established to correspond with practical requirements:

1:20 for boarded roofing on steel and reinforced
concrete structures and wood cement roofs, with
the exception of special designs such as shell and
saw-tooth roofs, etc.

1:12.5 for boarded roofing on wooden structures

1:4 for corrugated cement roofing, ridged zinc
roofing, corrugated sheet roofing, steel roofs on
lattice work or casings, ribbed steel roofs of
galvanised, double folded sheet and roofing in
waterproof paper-based materials for
accommodation premises

1:2 for flat roofs, etc.

The systematic unification of industrial and
accommodation structures has been a gradual process of
type development.

The cited axis spacings influence the individual
structural components: columns, walls, ceilings, trusses,
purlins, rafters, roof planking, windows, glazing, doors,
gates, crane runways and other elements. The
establishment of a specified basic measurement for the
spacing of axes creates the prerequisites for a hierarchical
system of measurement standardisation for individual
structural components and their matching interconnection.
The spacings between axes are simply added together,
without intermediate measurements. However, masonry,
glass panes, reinforced concrete panels etc., must include
an element for the jointing arrangements.

The points of support for a travelling crane can be
unified on the basis of the standardised axis spacings.

The matched, standardised components and assemblies
are interchangeable, can be prepared off-site and used in a
versatile manner. Mass production, interchangeability of
components/assemblies and the availability of standardised
components and assembilies in store result in savings in
work, materials, costs and time. The arrangement of the
structural axes brings considerable simplification to
building supervision.

0 3125 - [155%)

4]
Ji pointed roof for specific
areas and purposes

2500 —(100%]

roof slope for all plain
tiled roofs

1875 —

roof slope for slate roofs
and pantiled roofs

t
D 1250 - [50%]
.

roof slope for flat pantiled
roofs

felt roofing for

625~ accommodation,
also appropriate for flat
roman tiled roofs

200 - 8% | felt roofing for
128 — wooden structures

felt roofing for steel and
reinforced concrete:steel
concrete construction

Roof slopes at regular intervals appropriate to specified types of
roof construction

33



34

Components in the
coordinate system

Coordinate space (bounded
by 6 planes}
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@ Preliminary design - motorway service area

MODULAR SYSTEM

International agreements on the planning and execution of
building work and for the design and manufacture of
building components and semi-finished products are
incorporated into national standards. The modular system
is a means of coordinating the dimensions applicable to
building work.

The term ‘coordination’ is the key, indicating that the
modular layout involves an arrangement of dimensions and
the spatial coordination of structural components. Therefore,
the standards dea! with geometrical and dimensional
requirements. The modular system develops a method of
design and construction which uses a coordinate system as a
means of planning and executing building projects. A
coordinate system is always related to specific objects.

Geometric considerations

By means of the system of coordinates, buildings and
components are arranged and their exact positions and
sizes specified. The nominal dimensions of components as
well as the dimensions of joints and interconnections can
thereby be derived. -» (D -®), @3

A coordinate system consists of planes at right angles to
each other, spaced according to the <coordinate
measurements. Depending on the system, the planes can
be different in size and in all three dimensions.

As a rule, components are arranged in one dimension
between parallel coordinate planes so that they fill up the
coordinate dimension, including the allowance allocated to
the joints and also taking the tolerances into account. Hence
a component can be specified in one dimension in terms of
its size and position. This is referred to as boundary
reference. .» (@ > G2

In other cases, it can be advantageous not to arrange a
component between two planes, but rather to make the
central axis coincide with one plane of the coordinate system.
The component is initially specified in one dimension with
reference to its axis, but in terms of position only. + & @2

A coordinate system can be divided into sub-systems for
different component groups, e.g. load-bearing structure,
component demarcating space, etc. -» (@

It has been established that individual components need
not be modularised, e.g. individual steps on stairways,
windows, doors, etc. > (9

For non-modular components which run along or across
the whole building, a so-called ‘non-modular’ zone can be
introduced, which divides the coordinate system into two-
sub systems. The assumption is that the dimension of the
component in the non-modular zone is already known at
the time of setting out the coordinate system, since the non-
modular zone can only have completely specified
dimensions. -» (@

Further possible arrangements of non-modular
components are the so-called centre position and edge
position within modular zones. {9 - )

Fioor-to-floor height:
30M =300:19 = 158
select 16 steps

\ step rise:
_ 300 _
h= 6 " 1875 cm
Overall length:

16.26 = 416cm
select 420 - 42M

] Tread gowmng:
4 b=419.262cm
2M 16

tassuming joint dimension of Tcm)

Reinforced concrete staircase unit



COORDINATE SYSTEM AND

»n
o DIMENSIONING -
”v'l\;u\h(m-s of |g;\;knmlh adie o ,.u.«{.',’.,f"i« limitation: g
norizontal: Modular Arrangements in Building Practice "
12 M series unlimited -~
6M and 3 M series 20 fold The units for the modular arrangement are M = 100mm for §
1 M series 30 fotd the basic module and 3M = 300mm, 6M = 600mm, and 3
vertical: 12M = 1200mm, for the muliti-modules. The limited -
12 M and 6 M series unfimited myltlples of the preferred r?umerl'cal series are .generated in g ]
3 M series 16 fold this way. The coordinate dimensions — theoretical standard ®
1M series 30 fold dimensions - are, ideally, generated from these. These =
limitations are the result of functional, constructional and ‘

economic factors. - (1)

In addition, there are standardised, non-modular
extending dimensions, | = 25mm, 50mm and 75mm, e.g., for
matching and overlapping connection of components. . (3)

The coordinate system in practical usage
Using rules of combination, different sizes of components
can also be arranged within a modular coordinate system.

= -®

;: B o = B (n?g— M With the help of calculfatio.ns with nume.rical groups (e.g.

il - : _— Pythagoras) or by factorisation (e.g. continued fractions),

@ Preferred numbers M = W non-rectangular components can also be arranged within a
Tz ¢ et =n M modular coordinate system. - @) + ®)

SR M (n’?‘~+ %’_M Zi:g:::::: By constructing polygonal traverses (e.g. triangular,
=l oS @Vr: NN, s rectangular, pentagonal and the halves of the same), the so-
oo Ao 3 & . ‘;;L— =yr————— called ‘round’ building structures can be devised. > @ - ®

. : 4 olo = ‘W Using modular arrangements, technical areas such as those

i, 2 R DR MHL . A for structural engineering, electrotechnology, transport-
Example application, sloping @ Comp ing e on ation, which are dependent on each other from a
o roof o the verticals geometrical and dimensional viewpoint, can be combined.

folie] oo 5 @
E%EE%EE gs &M,
2

Compensating
measures on the
horizontals

the smallest dimension to be
achieved from which a
continuous sequence
commences, is calculated with
the critical number (crit N)
critN=(a-1)~(b-1)

o o 3T @ Application of rotation about 45° using 12M in the plan view
12M + 5M crit N = (12-1) » (5-1) = 44

Combination of component dimensions without a common divisor

gas, water
valves

switching facilities
measuring

instruments

switchin
furniture 9 mosaic

modules
building

construction
electrotechnology

building

method of
construction for
electronic equipment

means of transport loading devices

transportation

Modular polygonal traverse @ E ple of the link of hnical areas using modular arrangements

Construction of a curving
roof edge from regular
polygonal traverses (site plan)
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triglyphs
{three grooves}

metopes
{interspaces

Stone construction
developed by the Greeks
and based on @

Original timber construction
used as a basis for the
design of the Greek temple

dressed I

Rubble walls need framing
with dressed stones — p. 37

Timber construction
{similar to @) still used in
many countries

drainage
{internal)

mitred sil|

height 1.0
angled shuttering
as a stiffener

hollow
pot slab

@ Nailed timber frame.
Practical and economical
but without character; best

Reinforced concrete building
with supports in external
wall, fronted by outer leaf of
hidden behind cladding parapet wall supported by
the cantilevered floor

light sione wall

Reinforced concrete e Reinforced concrete
structure with internal mushroom structure with
columns, cantilevered floor light steel supports in
and continuous ribbon outer wall between
windows windows -» p. 38

BUILDING DETAILS
Functional Use of Materials

In the earliest civilisations, building form was dictated by
the techniques of binding, knotting, tying, plaiting and
weaving. Building in timber followed later, and in nearly all
civilisations became the basis for architectural form (see the
example of the Greek temple - () and @)).

Recognition of this is relatively recent, but there is an
increasing number of examples which support the accuracy
of this theory. Uhde researched this matter at length and
established that Moorish architectural skills originate from
timber construction, in particular the Alhambra at Granada.
The internal surface decor of Moorish buildings has its
source in weaving techniques (like the ribbons and beaded
astragals on Greek buildings), although it was actually
pressed into the gypsum by moulds or inlaid as ‘Azujelos’
(glazed strips of clay). In several rooms of the Alcazar in
Seville one can clearly see in the corners of the rooms the
knotting together of the walls in the gypsum finish exactly
in the way that the wall carpets of the tents were knotted at
the corners in earlier centuries. Here the form derived from
tent construction was simply transferred to the gypsum
mould.

Under the same conditions, forms which result from the
material, construction and functional requirements are
similar or even identical in every country and time.

The ‘eternal form’ was traced by V. Wersin with
convincing examples. He showed that utensils used in the
Far East and in Europe in 3000 Bc are strikingly similar to
those in use today. With new material, new technology and
changing use, a different form inevitably evolves, even
though embellishments can obscure or conceal the true
form, or even give the impression of something quite
different {baroque). The spirit of the age tends to decide the
form of the building.

Today, in the buildings of other periods, we study not so
much the result as the origin of the art. Each style arrives at
its ‘eternal form’, its true culmination, after which it is
developed and refined. We still strive after a true expression
with our use of concrete, steel and glass. We have achieved
success in finding some new and convincing solutions for
factories and monumental buildings, in which the need for
extensive window areas determines and expresses the
structure.

The plain and distinct representation of the building
parts, in conformity with their technical functions, provides
possibilities for new forms in the details and the outward
expression of buildings. Herein lies the new challenge for
architects today. It is wrong to believe that our age needs
only to develop clean technological solutions and leave it to
the next period to cultivate a new form emanating from
these structures — (2. On the contrary, every architect has
the duty to harness contemporary technical possibilities
extensively and to exploit their artistic potential to create
buildings that express the ethos of the modern world { . p.
39). This requires tact, restraint, respect for the
surroundings, organic unity of building, space and
construction, and a harmonious relationship between the
articulation of interior spaces and the exterior form, in
addition to fulfilling technological, organisational and
economic demands. Even major artists with true creative
drive (‘those who have something to say’) are subject to
these restrictions and are influenced by the spirit of the age.

The clearer the artistic vision or the view of life of the
artist, the more mature and rich the content of his work, and
the longer it will endure as a beautiful object of true art for
all time.
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Primitives build circular
huts with local materials:
stones, poles and woven
lianas are clad with leaves,
straw, reeds, hides etc.

1400 years ago, Byzantine
architects created domes on
the square plan of the Hagia
Sophia, using the pendentive.
Construction obscured inside
{i.e. dematerialisation)

TIMBER

@, earth grown over with grass
F. ~ birch bark
leather

plinth

ice for windows

snow blocks

winter house
“igloo’

Similarly, Eskimos build
summer houses of skin-
clad whale ribs with
windows made from seals’
intestines, akin to the
wigwam; winter houses are
made of snow blocks

reed ribs

rush mats

As well as circular domes,
barrel vaulting was widely
used {e.g. Mesopotamia:
reed ribs were covered
with rush mats)

thongs

@ Block-h in ded @ In areas short of timber,

countries have a universal
form dictated by the nature of
their construction

buildings used wood posts;

posts have windows between

them and there are braces in
the window breasts

/“#//,,,m

Buildings of field stones @ Cut and dressed stones

without mortar (uncoursed
random rubble) must have a
tow plinth; the structure
consists almost entirely of
roof, with a low entrance

allow the construction of
higher walls; with mortar
joints, gables in stone with
arched or vaulted openings
become practicable

To begin with, it is always construction that is the basis of
form. Later it develops onto a pure, and often abstract form,
which is initially adopted when new building materials are
introduced. Numerous examples of this can be found in

The Result of Construction

The Romans built the first
stone domes on a circular
plan (e.g., in its purest form,
Pantheon, Rome}

@ Barrel vaulting in masonry
was first used by the
Romans and later appeared
in Romanesque architecture
{e.g. Sibenik church,
Yugoslavia)

In contrast, this framed
building has isolated
windows and corner struts;
the panels are interlaced
wickerwork with mud or clay
rendering (wattle and daub)

FORM

squinch
arches

The Sassanians in Persia
{6th century ao) constructed
their first domes on a square
plan; transition from square
to circle via squinch arches

Gothic architecture evolved
from cross-vaulting, allowing
the vaulting of oblong bays
by using the pointed arch
(characteristic buttresses
and flying buttresses)

Panel construction uses
large prefabricated wail
panels, which are quick and
inexpensive to erect

From a later period: framed
openings and corners with
carefully formed, dressed
stones; the rest of the
walls in rubble masonry
which was then rendered

The desire for larger windows
in town buildings led to a
stone pillar construction style
similar to the earlier timber
post method > (10

history, from ancient stone tombs, in which even the lay
observer can discern the basic timber form, to the
automobile of 1900 that imitated the horse-drawn carriage
(even down to the provision of a whip holder).
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STEEL

A unverainie Vi

Slender supports give steel-framed construction the lightest
possible appearance > (1). However, this form is not
permitted everywhere. Exterior unenclosed supports are
rarely allowed -» (@ but, if combined with externally visible

REINFORCED CONCRETE

Architect:
@ Frank Lioyd Wright
For many building types, building regulations require fire

resistant or even fire proof construction and encased steel
members consequently resemble reinforced concrete.

SHELL ROOFS

In shell structures, forces are distributed uniformly in ail
directions. Types include: cupola with segments - (9), oblong
CABLE STRUCTURES

tent top. ' "B
steel cable - ~
tarpautin =<~ o ;zxcr:npolesl
/ - @

Cable structures for long spans have been in use since early
times . @. Circus tents are the best-known lightweight
suspended diaphragm structure » @. Modern reinforced

The challenge for architects is to create form based on a
fusion of architectural expression and knowledge of the
technological principles of modern construction
techniques. This unity was lost in the wake of the Industrial
Revolution, before which available forms were used on a
‘decorative’ basis in any construction type, whether in
stone, wood or plaster.

FORM

Modern Construction Techniques and Forms

L. Mies van der Rohe

horizontal girders, can create an especially light but solid
appearance of unobstructed space > (3). Steel and
aluminium structures are particularly suitable for light open
halls with few supports and cantilevered roofs . ®@.

Architect:

Architect: .
Frank Lioyd Wright e Frank Lloyd Wright

Typical characteristics are cantilevered floors on beams -
® from tower cores -, ), or house core supports » @, or
as mushroom structures » @).

Architect: Architect:
Oscar Niemeyer Neufert 2500

shell - @9, rhythmically arranged transverse shells - @d, rows
of shells with inclined supports at neutral points - @3.

Architects:
M. Novicki with M. Deitrick

concrete suspended diaphragms with rigid edge beams can
create economical and impressive buildings @), and may
be used as basis for cantilever constructions  G8.

The latest fire protection techniques can obviate the need
for concrete encasement altogether. Intumescent coatings
are often used for protecting structural steelwork against
fire (especially the visually expressed elements). These look
like normal paint but, in the event of fire, they foam, thus
creating a protective layer around the steel.
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By 1700 walls and gates were
only symbolic, giving
glimpses of the garden

@ Around ap 1500, houses and
towns were protected by high
walls and heavy gates

ENTRANCES

@ a0 1000: log cabins had low @ By 1500: heavy, studded

doors, high thresholds; no doors with knocker, and
windows; lit through an windows with bars and
opening in the roof bull’'s eye panes

ROOM CONNECTIONS

@ ap 1500: low, heavy doors,
sparse daylighting, and
floors of short, wide boards

Ta]
SRR

=)
444 T

i :
@ In the 1700s, wide double

doors led into suites of
rooms with parquet flooring

HOUSES
’ hill toilet
x? side 1
w ceffar
—— = 9 covered
“ entrance balcony

) E
living —— ground

b room fioor
valley

side

first
floor

bedroom

The timber house {ao 1500} @ The stone house {ap 1500):
was influenced by the massive walls, to combat
environment, method of enemies/cold, required the
construction and the way of same area as the rooms
tife; e.g. Walser house themselves

In the time between the beginning of the 16th century (the
period of witch-hunts, superstition, leaded lights and fort-
like houses, a form which is still occasionally in demand)
and the present day, astonishing advances have been made
in science, technology and industry. As a result the outlook
of society has changed radically. In the intervening
centuries it is clearly evident from buildings and their
details, as well as other aspects of life, that people have
become freer and more self-aware, and their buildings
lighter and brighter. The house today is no longer perceived
as a fortress offering protection against enemies, robbers or
‘demons’ but rather as a complementary framework for our

THE DESIGN OF HOUSES

The Expression of the Period and its
Conventions

Twentieth century houses
have no enclosure (in the
US, particularly) and stand
unobtrusively among trees i
large communal parks

@ In the 1800s, detached

houses were built in open
surroundings with low
fences

@ Around 1700, doors had e Twentieth century: covered

clear glass panes with
decorative glazing bars

{also, a bell-pull}
-+ [

{

IR

By 1900, sliding doors were
fitted between rooms,
linoleum flooring, sliding
windows, and draw curtains

walkway leads from car to
door (wired plate glass},
which slides open when an
electric eye is activated

AN

PRy

O,
TIJ

sliding partition
vertically sliding window

Twentieth century rooms
are flexible: sliding walls
and plate glass windows;
venetian blinds/shutters as
protection from the sun

WC and
street side bidet bedrooms
shower kitchen dressing rooml ba(h/
¢ +
i - L
scullery p -]
5 . ow L—:N
servery H K I covered
4
WC,and 1 ¢ UOE. § terrace
washroom . ag l
Hr = : bl o topen
dining room T ? g ecrace
garden side living room V- 3
AR08t Acchitect:

Mies van der Rohe

The house of the 2000s will have slender steel supports and
slim non-load-bearing curtain walling, the composition of which
affords full protection against the weather, and maximum noise
and heat insulation. Open plan, with dividing screens between
living area, dining room and hall {no doors}

way of life - open to nature and yet in every respect
protected against its inclemency.

People generally see and feel things differently.
Designers must therefore use their creativity as far as
possible to translate our shared experience into reality and
express it through the materials at their disposal. The
attitude of the client is of the greatest significance in this
issue. In some ways, many clients and architects are still
living in the 15th century while few of each have arrived in
the new millennium. If the ‘centuries’ meet in the right way,
then a happy marriage between client and architect is
assured.

39



40

"""""""""""" M 1:20000 ~— "= ———
N R S S S S [ NN ) W S S
main road main road
RO Qs — —~ o
— {'_’r *l‘emrance drive [.—
3 o YOI TR PR I
: S NI ol I |
> #)l R s
Pl A
a i i . } \ i
£ & | service [+ 2oty
£ o S
S - (I Tlroom i '] g [ X
Q
8 i SN
B & g?/‘! living a2 |
R o oom ®
: 7 £ froom 770
-2 —
R M ! !
BN : ’ |
[ 4l vognouwingsre et |1 2] !

This development, with a SE
slope in front of the house,
uses the contours correctly:
vard to the west; entry from
road to the north

@ Four site layout proposals
for development of a
3000m2 plot with a NE
slope: proposal 4 planned
by the client; proposal 1
accepted > @

garage access

<7 under

dressing room

room

bedroom
A 4

7 o
bedroom

living
room

Architect:
Neufert

. terrace
room with a bay window

House sketch design with @ Improved design for @:
faults: cloakroom and porch better room plans; bedrooms
are too big; bathroom and 2.5m above ground, using
servery are too narrow; the the site’s natural slope;
steps in the corridor are garage at ground level
dangerous; restricted view

from kitchen

Building programme

The work begins with the drawing-up of a detailed brief,

with the help of an experienced architect and guided by the

questionnaire shown on the following pages. Before
planning starts, the following must be known:

1 Site: location, size, site and access levels, location of
services, building and planning regulations and
conditions. This information should be sought from the
tocal  authority, service providers and tegal
representatives, and a layout plan to comply with this
should be developed.

2 Space requirements with regard to areas, heights,
positioning and their particular relationship with one
another.

3 Dimensions of existing furniture.

4 Finance: site acquisition, legal fees, mortgages etc. pp.
43-50.

5 Proposed method of construction
construction, sfoping roof, flat roof etc.).

(brick, frame

DESIGN METHOD
Working Process

The sketch scheme is begun by drawing up individual
rooms of the required areas as simple rectangles drawn to
scale and put provisionally into groups. After studying the
movements of the people and goods (horizontally and
vertically), analyse circulation and the relationships of
rooms to each other and the sun » p. 272. During this stage
the designer will progressively obtain a clearer
understanding of the design problems involved. Instead of
starting to design at this stage they should, on the basis of
their previous work to establish the building area,
determine the position of the building on the site, by
exploring the various means of access, the prevailing wind,
tree growth, contours, aspect, and neighbourhood. Try out
several solutions to explore all possibilities » () and use
their pros and cons for a searching examination - unless of
course a single obvious solution presents itself. Based on
the foregoing, decision-making is normally fairly quick, and
the ‘idea’ becomes clearer; then the real picture of the
building emerges - 3.

Now the first design stage can begin, firstly as an
organisational and spiritual impression in the mind. From
this, a schematic representation of the general
configuration of the building and its spatial atmosphere is
built up, from which the designer can develop the real
proposal, in the form of plans and elevations. Depending
upon temperament and drawing ability a quick charcoal
sketch, or a spidery doodle, forms the first tangible result of
this ‘birth’.

The first impetus may become lost if the efforts of
assistants are clumsy. With growing experience and
maturity, the clarity of the mental image improves, allowing
it to be communicated more easily. Older, mature architects
are often able to draw up a final design in freehand,
correctly dimensioned and detailed. Some refined mature
works are created this way, but the verve of their earlier
work is often lacking.

After completion of the preliminary design, @), a pause
of 3-14 days is recommended, because it provides a
distancing from the design and lets shortcomings reveal
themselves more clearly. It also often disposes of
assumptions, because in the intervening time preconceived
ideas are put aside, not least as a result of discussions with
staff and clients. Then the detailed design of the project is
begun with the assistance of various consultants (e.g. a
structural engineer, service engineers for heating, water
and electricity) firmly establishing the construction and
installations.

Following this, but usually before, the plans are
submitted to the relevant authorities for examination and
permission (which might take about 3-6 months). During
this time the costs are estimated and specification and Bill
of Quantities produced, and the tendering procedure is
undertaken, so that as soon as the permission to proceed is
received, contracts can be granted and the work on site
commenced.

All these activities, from receiving the commission to the
start of building operations for a medium-sized family
house, takes on average 2-3 months of the architect’s time:
for targer projects (hospitals, etc.) 6-12 months should be
allowed. It is not advisable to try to make savings at this
juncture; the extra time spent is soon recovered during
building operations if the preparation has been thoroughly
carried out. The client thus saves money and mortgage
interest payments. The questionnaire ( » pp. 41 and 42) and
the room specification folder { » p. 31) will be important
aids.



BUILDING DESIGN

Preparatory Work: Collaboration with Client

Preparatory work is often done in a rush, resulting in an insufficiently detailed scheme being put out to tender and
commenced on site. This is how ‘final’ drawings and costs only become available when the building is nearly complete.
Explanations are of no help to the client. The only way of solving the problem is faster and better organised work by the
architect and sufficient preparation in the design office and on the construction site.

Similar information is required for most building projects, so detailed questionnaires and pro formas, available when the
commission is received, can be used to speed things up. Certainly there will be some variations, but many factors are
common and make questionnaires useful to all those involved in the project, even if they are only used as checklists.

The following questionnaire is only one of the labour saving pro formas which an efficient and well-run architect’s office
should have available, along with pro formas for costing purposes, etc.

Briefing Questionnaire

Commission No.:

I Information on the client

1

8

9

What is their financial status?

Business outlook? Total capital employed?
Where was the information obtained?
How does the business seem to be conducted?

Who is our main contact? Who is our contact is his
absence? Who has the final authority?

Has the client any special requests regarding design?
Have they any special interest in art? {In particular with
regard to our attitude and design method.)

What personal views of the client need to be taken into
account?

Who is liable to cause us difficulties and why? What could
be the effects?

Is the customer interested in publication of his building
later on?

Do the drawings have to be capable of being understood
by laymen?

confidential

10 Who was the client’s architect previously?

11 For what

reason did he or she not receive this
commission?

12 Is the client thinking of further buildings? If so, when, what

type, how large? Have they already been designed? Is
there the possibility that we might obtain this
commission? What steps have been taken in this
direction? With what success?

Il Agreements on fees

1

[&)]

On what agreement with the client are the conditions of
engagement and scale of professional charges based?
What stages of the work are included in the commission?
Is the estimated project cost the basis for the fee
calculation?

What is the estimated project cost?

Are we commissioned to carry out the interior design?
Has a form of agreement between employer and architect
been signed and exchanged?

I Persons and firms involved in the project

1

g WwN

With whom do we have to conduct preliminary
discussions?

Who is responsible for what specia! areas of activity?
Who is responsible for checking the invoices?

Which system of ordering and checking will be used?

Will we have authority to grant contracts in the name of
the client? If so, to what value? Do we have written
confirmation for this? Who does the client recommend as
contractor or sub-contractor? {Trade; Name; Address;

Telephone)

Is a clerk of works essential or merely desirable, and
should he or she be experienced or junior? When is he or
she required, and for how long (duration of job or only
part)?

Have we explained duties and position of clerk of works to
client?

Is accommodation available for site offices and material
storage? What about furniture, telephone, computers, fax,
heating, lighting, WC and water?

IV General

1

2

~ W

Is hoarding required? Can it be let for advertising? Is
signboard required and, if so, what will be on it?

Exact address of the new building and name after
completion?

Nearest railway station?

Postal district/town?

Is there a telephone on site, and if not when will one be
available? Alternatively is there a telephone in the vicinity?
Have we obtained a local edition of the national working
rules for the building industry? Are there any additional
clauses?

V The project

1

=<

Who has drawn up the building programme? Is it
exhaustive or has it to be supplemented by us or others?
Has the client to agree again before the design work starts?
Has the new building to be related to existing and future
buildings?

Which local regulations have to be observed? Who is
building inspector or district surveyor? Who is town
planning officer?

What special literature is available on this type of building?
What do we have in our files?

Where have similar buildings been built?

Have we taken steps to view them?

Basic design factors

What are the surroundings like? Are landscaping and trees
to be considered? What about climate, aspect, access, and
prevailing wind?

What is the architecture of existing buildings? What
materials were employed?

Do we have photographs of neighbourhood with
viewpoints marked on plan? If not, have they been
ordered?

What other factors have to be considered in our design?
What are the existing floor-to-floor heights and heights of
buildings? What is the situation with regard to roads,
building lines, future roads, trees {types and sizes)?

What future development has to be considered?

Is it desirable to plan an area layout?

Are there regulations or restrictions concerning elevational
treatment in district?

What is known of attitude of town planning officer or
committee towards architecture? Is it advisable to discuss
initial sketches with town planning officer before
proceeding?

10 In case of appeal, is anything known of the time taken and

the ministry’s decision in similar cases in this district?
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VIl Technical fact finding

1 What sort of subsoil is common to this area?

2 Has the site been explored? Where have trial holes been
sunk? What were the results?

3 What is load-bearing capacity of subsoil?

4 Average ground water level? High water level?

5 Has the site been built on previously? Type of buitdings?
How many storeys? Was there a basement and, if so,
how deep?

6 What type of foundation appears to be suitable?

7 What type of construction is envisaged?

In detail:

Basement floor: Type? Applied load? Type of load? Floor
finish? Insulation? Tanking?

Ground floor: Type? Applied load? Type of load?
Finishes?

Other floors: Type? Applied load? Type of load?
Finishes?

Roof: Structure? Loading? Type of loading? Roof
cladding? Protective finishes and coatings? Gutters?
Internal or external downpipes?

8 What insulation materials are to be employed? Sound
insulation: horizontal/vertical? Impact sound:
horizontal/vertical? Heat insulation: horizontal/vertical?

9 Type of supports? Outer walls? Partitions?

10 Staircase structure? Applied load?

11 Windows: steel/timber/plastic/wood/aluminium? Type
and weight of glass? Internal or external seating? Single,
double or combination windows? Double glazing?

12 Doors: steel frames? Plywood? Steel? Lining? Fire
grading? Furniture? With an automatic door closing
device?

13 Type of heating: solid fuel/gas/electricity/oil? Fuel
storage?

14 Domestic hot water: amount required and at what times?
Where? Water softener required?

15 Ventilation: air conditioning? Type? Air change? In which
rooms? Fume extraction? Smoke extraction?

16 Cooling plant? Ice making?

17 Water supply? Nominal diameter of supply pipe and
pressure? Is pressure constant? Water price per cubic
metre or water rate? Stand pipes required? Where and
how many?

18 Drainage and sewerage? Existing? Connection points?
Nominal bore of main sewer? Invert levels? Where does
the sewage flow to? Soak pits? Possible, advisable,
permitted? Septic tank or other sewage treatment
necessary?

19 Nominal bore of the gas supply pipe? Pressure? Price per
cubic metre? Reduction for large consumption? Special
regulations concerning installation of pipes? Ventilation?

20 Electricity? A.C. or D.C.? Voltage? Connection point?
Voltage drop limit? Price per kW? Off-peak? Price
reduction for large consumption? Transformer? High-
voltage transformer station? Own generator? Diesel,
steam turbine, windmill?

21 Telephone? Where? ISTD? Telephone box? Where? Cable
duct required?

22 Intercom? Bells? Lights? Burglar alarm?

23 What type of lift? Maximum load? Speed? Motor at top
or bottom?

24 Conveyor systems? Dimensions? Direction of operation?
Power consumption? Pneumatic tube conveyor?

25 Waste chutes or sink destructor disposal units? Where?
Size? For what type of refuse? Waste incineration? Paper
baling press?

26 Any additional requirements?

BUILDING DESIGN
Preparatory Work: Questionnaire (cont.)

Vill Records and preliminary investigations

1 Have deeds been investigated? Copy obtained?
Anything relevant with regard to the project planning?

2 Map of the locality available? Ordered? Transport

details?

Does site plan exist? Ordered?

Does contour map exist? Ordered?

Water supply indicated on plan?

Mains drainage drawing checked out and cleared?

Gas supply shown on the drawing?

Is electricity supply agreed with Board and shown on

plan? Underground cable or overhead line?

9 Telephone: underground cable or overhead wires?

10 Have front elevations of the neighbouring houses been
measured or photographed? Has their construction been
investigated?

11 Has datum level been ascertained and fixed?

12 Is site organisation plan required?

13 Where does the application for planning permission
have to be submitted? How many copies? In what form?
Paper size? With drawings? Prints? On linen? Do
drawings have to be coloured? Are regulations for signs
and symbols on drawings understood?

14 Requirements for submission of the structural
calculations? Building inspector? {(Normally decided by
council planning department)

WO ~NOO AW

IX Preliminaries

1 How far is the construction site from the nearest rail
freight depot?

2 Is there a siding for unloading materials? What gauge?
What are the off-loading facilities?

3 What are access roads like, in general? Are temporary
access roads necessary?

4 What storage space facilities are available for materials?
Available area open/under cover? What is their level in
relation to site? Can several contractors work alongside
one another without any problems?

5 Will the employer undertake some of the work himself:
supply some material? If so what: landscaping, site
cleaning/security services?

6 Method of payment, interim certificates, etc.? Otherwise
what terms and conditions of payment are to be
expected?

7 What local materials are available? Are they particularly
inexpensive in the area? Price?

X Deadlines for:

1 Preliminary sketches for discussion with staff and
consultants?

2 Preliminary sketches for meetings with the client, town

planning officer, district surveyor or building inspector?

Sketch design {to scale) with rough estimates?

Design (to scale)?

Estimate? Specification? Bill of Quantities?

Submission of the application for planning permission

and building regulations approval with structural

calculations, etc.?

7 Anticipated time for gaining permits? Official channels?
Possibilities for speeding things up?

8 Pre-production drawings, working drawings?

9 Selection of contractors? Letters of invitation?
Despatching of tender documents?

10 Closing date for tenders? Bill of Quantities?

11 Acceptance of tender? Progress chart? Date for
completion?

12 Possession of site? Commencement of work?

13 Practical completion?

14 Final completion?

15 Final account?
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Organisation
The range of topics discussed in this section are listed
below:
A Definition of terms
1.0 Building design
2.0 Building construction
B Duties and outputs for construction management
1.0 Construction planning
1.1 Definition of duties and outputs/contents
1.2 Aims/risks of construction planning
1.3Means and tools for construction management
*  Construction drawings
* Sectional drawings (component drawings, junction
drawings)
* Special drawings
*  Specifications
* Area/room/component schedules, specifications, bills
of quantities
20 Tender action and letting of contracts
2.1 Definition of duties and outputs/contents
2.2 Aims/risks of tender action and letting of contracts
2.3 Means and tools of tender action and letting of contracts
* Contract laws and regulations
* Contract conditions and articles of agreement
* Technical conditions and preambles
* Standard specifications, manufacturers’ specifications
and performance specifications
3.0 Construction supervision
3.1 Definition of duties and outputs/contents
3.2 Aims/risks of construction supervision
3.3 Means and tools of construction supervision
* Standard procedures
* Techniques of project management/time management

A Definition of terms

Definition of duties describing the necessary architectural
services and the relevant fees are contained in the
respective guidelines for each country or professional body,
e.g. the RIBA Architects’ Pian of Work in the UK, or the HOAI
[Honorarordnung fiir Architekten und Ingenieure] in
Germany.

1.0 Building design

The briefing and design stages (A-D in RIBA Plan of Work,
1-4 in HOAI include inception/feasibility (3%), outline
proposals (7%), scheme design {11%) and approvals
planning {6%). Design services typically represent 27% of
the total fee.

2.0 Building construction

The production drawings and information stages (E-H in
RIBA Plan of Work, 5-9 in HOAIl} include detail design,
production information, bill of quantities (if applicable)
(25%), preparing tender documents (10%), tender action
(4%), site supervision {31%), project administration and
documentation {3%). Construction management duties
typically represent 73% of the total fee.

B Duties and outputs for construction management
1.0 Construction planning

1.1 Definition of duties and outputs/contents

Basic services

* Working through the results of stages 2 and 4 (stage
by stage processing information and presenting
solutions) — taking into account the urban context,
design parameters, and functional, technical,
structural, economic, energy {e.g. rational energy use)
biclogical, and economical requirements — and co-
operating with other building professionals, to bring
the design to the stage where it can be constructed

* Presenting the design in a full set of drawings with all
the necessary documentation including detail and
construction drawings, 1:50 to 1:1, and accompanying
specifications in text

CONSTRUCTION MANAGEMENT

* In schemes which include interior fittings and design,
preparing detailed drawings of the rooms and fittings
to scales 1:25 to 1:1, together with the necessary
specifications of materials and workmanship
Coordination of the input of the other members of the
design team and integrating their information to
produce a viable solution

* Preparation and co-ordination of the production

drawings during the building stage
Additional services
These additional services can be included as basic services
if they are specifically listed in a schedule of services. This
will negate some of the limitations in the standard list of
basic services.

* Setting up a detailed area-by-area specification in the
form of a room schedule to serve as a basis for a
description of materials, areas and volumes, duties
and programme of works
Setting up a detailed specification in the form of a bill
of quantities to serve as a basis for a description of
materials, duties and programme of works
* Inspection of the contractors’ and sub-contractors’

specialist design input developed on the basis of the

specification and programme of works, to check that

it accords with the overall design planning
* Production of scale models of details and prototypes
Inspection and approval of design drawings produced
by organisations outside the design team, testing that
they accord with the overall design planning (e.g.,
fabrication drawings from specialist manufacturers and
contractors, setting-up and foundation drawings from
machine manufacturers), insomuch as their contracts
do not form a part of the main contract sum {upon
which the professional fees have been calculated)

1.2 Aims/risks of construction planning

Construction planning aims to ensure a trouble- and fault-
free execution of the works. This requires a complete and
detailed establishment of the formal and technical
requirements, and their compliance with formal, legal,
technical and economic matters.

* Legal basis: planning and building regulations, and
other regulations such as safety guidelines, e.g. for
places of assembly

* Technical basis: established standards and techniques

of construction and materials, e.g. building standards,
consultation/agreement with specialists and specialist
contractors

Economic basis: cost control techniques, e.g. cost
estimates/calculations, and consultation/agreement
with specialists in this field

Insufficient construction planning results in - among other
things - wastage of materials (correction of errors,
breakages and decay), waste of productive time (time
wasting, duplicated work),and persistent loss of value
{planning mistakes/construction faults).

1.3 Means and tools for construction management
Construction drawings contain all the necessary
information and dimensions for construction purposes;
normal scale is 1:50.

Sectional drawings (component drawings, junction
drawings), expand on the construction drawings with
additional information on parts of the building works;
normal scale is 1:20, 1:10, 1:5 or 1:1.

Special drawings are tailored to the specific
requirements of elements of the work (e.g. reinforced
concrete work, steelwork or timber structural work) and
show only the essential aspects of the other building
features which relate to that particular specific element of
work; normal scale is 1:50, depending on the particular
needs. National standards and conventions govern the
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drawing modes which, ideally, should be compatible with
CAD (computer aided design) and the standard methods of
specification and measurement of quantities and pricing.
Suitable software packages are available.

Area/room/component schedules, specifications, bills of
guantities, contain full information - in the form of lists and
tables - about the sizes (e.g. length, width, height, area and
volume), the materials (e.g. wall coverings and floor
finishes), and equipment (e.g. heating, ventilation, sanitary,
electrics, windows and doors} of which make up the
building, building elements, rooms or other areas. They
serve as a basis for a full specification of materials and
workmanship. Bills of quantities are commonly used in the
UK and for large contracts in other countries.

2.0 Tender action and letting of contracts i.e. the
preparation/co-operation during tender action and letting of
contracts

2.1 Definition of duties and outputs/contents i.e. stages G + H
in RIBA Plan of Work, and 6 + 7 in HOAI
Basic services

* Production and collation of quantities as a basis for
setting up specifications, using information from
other members of the design team
Preparation of specifications with
according to trades
Co-ordination and harmonisation of specifications
prepared by other members of the design team
Compiling the preambles of the specifications for all
the trades
Issuing the tender documents and receiving tenders
Inspection and evaluation of the tenders, including
preparation of a cost breakdown by element, in co-
operation with the rest of the design team engaged in
these stages
Harmonisation and collation of the services of the
design team engaged in tender action
* Negotiation with tenderers
Setting up of cost predictions, including the fixed
price and variable price elements of the tenders
Co-operation during the granting of contracts
Additional services

* Setting up specifications and bills on the basis of area
schedules and building schedules
Setting up alternative specifications for additional or
specific works
Compiling comparative cost estimates for the
evaluation and/or appraisal of the contributions of
other members of the design team
* Inspection and evaluation of the tenders based on
specifications of materials and workmanship,
including a cost breakdown
Setting up, inspecting and valuing cost breakdowns
according to special conditions

schedules

*

2.2 Aims/risks of tender action and letting of contracts
The tender action aims to formulate contract documents
which will enable the construction work of a project to be
carried out within the civil legal framework, thus affording
the relevant structure of regulation and guarantees. Tenders
can be sought when all the relevant information is available
for costing. Tender documents consist of: schedule of
conditions (e.g. specifications and contractual obligations)
plus clauses with descriptions ({(e.g. possibilities for
inspecting the details of the conditions / location, date of the
project commencement and completion / limits to time and
additional costs).

Tender documents that include the price of the work and
signature of the contractor {(or his rightful representative)
become an offer, which can be negotiated or accepted
unchanged, resulting in the formulation of a contract,
governing everything necessary for the carrying out of the
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works {e.g. type and extent of the work, amount and
manner of payment, timetable and deadlines, and
responsibilities).

To prevent, from the outset, differences of
understanding and opinion between the members of the
contract — and to make clear their mutual responsibilities —
contract documents {and hence also the tender documents)
must be comprehensive and complete.

Unclear, incomplete tender documents lead to poor
building contracts, which provoke conflict, time overruns,
defects, loss of value and additional costs.

2.3 Means and tools of tender action and letting of contracts
Contract laws and regulations depend on the country and
local situation, and regulate, through the building contract,
the legal relationship between the client and the contractor.
They generally determine what constitutes a valid contract,
how long the liabilities of the contract are valid, recourse to
damages, dispute settlement, professional responsibilities
and liabilities, and other aspects with regard to contractual
relationships.

Contract conditions and articles of agreement are
specific to the particular form of contract being used.
Because there are many types of standard contract
document, it is important that a suitable contract type is
chosen to meet the needs of the particular project. Typical
headings of clauses of a contract for larger works are listed
here:

* ldentification of the different members mentioned in

the contract, and a description of their role and duties,
e.g. employer, contractor, sub-contractors or architect

* Interpretation, definitions, etc.

* Contractor’s obligations

* The contract sum, additions or deductions,

adjustments and interim certificates for partial
completion of work

* Architect’s instructions, form and timing of

instructions during the contract
* Contract and other documents, and issues of
certificates for completions
Statutory obligations, notices, fees and charges
* Levels and setting out of the works
* Materials, goods and workmanship to conform to
description, testing and inspection
* Royalties and patent rights
* ldentification of the person in charge of the works
* Access for architect to the works
* Clerk of works or client’s representative on site
* Details and procedure in the event of variations and
provisional sums

* Definition of the contract sum

* Value added tax (VAT) and other taxes

* Materiails and goods unfixed off or on site, ownership,
responsibilities incurred

* Practical completion of the contract and liability in the
case of defects

* Partial possession by employer

* Assignment of sub-contracts and fair wages

Insurance against injury to persons and property, and

employer’'s indemnity

Insurance of the works against perils

Date of possession, completion and postponement

Damages for non-completion

Extension of time

Loss and expenses cause by matters materially

affecting regular progress of the works

* Determination (pulling out of contract) by contractor
or employer

¥ Works by employer or persons employed or engaged
by employer, part of, or not part of, the contract

* Measurement of work and certificates for completed
work and payment

*

* ok ok x %



* Tax obligations

* Unusual eventualities, e.g. outbreak of hostilities, war
damage, discovery of antiquities

Fluctuations in labour and material costs and taxes,
and the use of price adjustment formulae

Technical conditions and preambles relate directly to the
work to be undertaken and are formulated as general
specifications, schedules of duties, general quality of
workmanship, programmes of work, etc. and are often
divided into the various trades. Typical headings under this
section are listed below:

* Scope of work and supply of goods, e.g. includes
provision of all necessary tools, purchase, delivery,
unloading, storage and installation of all goods
Quality of goods and components, national or
international standards which must be adhered to
* Quality of workmanship, national or international

standards of workmanship which must be achieved
* Additional and special duties, specification of the
types and range of additional works included within
the price, and those special duties which are to be
charged in addition
Method of calculating the amount to be paid to the
contractor, and determination of the means of
measurement of the work done, e.g. quantitative
units, boundaries between different sections of work,
measuring techniques, and types of pay calculations
(on a time basis, piece work, fixed rates, fluctuating
rates, etc.)

* Preambles, more specific and general items of
agreement not covered in detail in the main contract
conditions can be classed under three headings:
necessary items are prescriptive {e.g. methods of
handover), recommended items are advisory (e.g.
sequence of work and programming) and possible
items are suggested {(e.g. feedback protocols,
meetings, etc.) — taking care that there is no conflict
between the preambles and the main contract

Specifications, manufacturers’ specifications, performance
specifications are detailed descriptions for every part of the
work which needs to be carried out. The extent and
sophistication of these specifications vary, depending on
the size and complexity of the project: for small, simple
projects, drawings and specifications will suffice; larger
projects need, in addition, schedules {e.g. door and window
ironmongery) and bills of quantities (listing the extent of the
various elements of the work and giving a basis for the
pricing of the work) together with a variety of additional
specialist drawings, specifications and schedules (e.g.
reinforced concrete work, steelwork, mechanical and
electrical equipment, etc.).

To help in the production of specifications and bills of
quantities, various systems of standardised texts, split into
units or paragraphs, can be included or omitted as required.
The suitability and acceptability of the various systems
depends on the regulations of each country and profession
(e.g. National Building Specification and Standard
Measurement of Works in the UK, and the
Standardleistungsbuch and LV-Muster in Germany).

Manufacturer’s information in relation to materials and
equipment, offers additional, useful information in
application and installation techniques, constructional
details and necessary safety precautions.

In general, in relation to tender action, the use of suitable
computer software which links CAD drawings with
specifications and bills of quantities is recommended.

3.0 Construction supervision (inspection and supervision of
the building works and necessary documentation)

3.1 Definition of duties and outputs/contents i.e. stages J-L
in RIBA Plan of Work, and 8 + 9 in HOAI

Basic services will vary according to the conditions of
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appointment agreed by the architect with the client, and the
type of contract agreed between the employer and
contractor. The list of basic services will also vary from
country to country, depending on the local professional
norms. Typical services are listed below.

* Inspection during the progress of the building works
to check compliance with the planning approval, the
contract drawings and the specifications, as well as
with generally accepted qualities of workmanship and
adherence to safety regulations and other relevant
standards

* Inspection and correction of details of prefabricated

components

Setting up and supervision of a time plan (bar chart)
*  Writing of a contract diary

* Combined measuring up of work with the building
contractor

Measuring up and calculating the value of completed
work with the co-operation of other members of the
design and supervision team while establishing
defects and shortcomings, and issuing of certificates

* Inspection of invoices

* Establishing final cost estimates according to the
local or regulated method of calculation

* Application to the authorities for grants or
subventions according to local and specific
circumstances

* Handing over of the building, together with compiling
and issuing the necessary documents, e.g. equipment
instruction manuals

* Testing protocol

* Listing the guarantee periods

* Supervising the making good of defects listed at
handing over

* Ongoing cost control

* [nspection of the project for defects before the end of
the guarantee periods of the various sub-contractors
and contractor

* Supervision of the making good of defects detected in
the inspections before the end of the guarantee periods

* Depending on local laws, inspections for up to five
years after completion

¥ Systematic compilation of the drawings and
calculations related to the project

Additional services

* Setting up, supervision and implementation of a
payment plan

* Setting up, supervision and implementation of
comparative time, cost or capacity plans

* Acting as the agent responsible for the works, as far
as these duties go beyond the responsibilities listed
as basic services

* Setting up of progress plans

Setting up of equipment and material inventories
Setting up of security and care instructions

Site security duties

Site organisation duties

Patrol of the project after handover

Supervision of the security and care tasks

* Preparation of the measurement data for an object
inventory

* Enquiries and calculation of costs for standard cost
evaluations

¥ Checking the building and business cost-use analysis

3.2 Aims/risks of construction supervision
Construction supervision consists of two major elements:
Control, measurement, accounting in relation to the
contract conditions and plan of work, and building
programme planning through the wuse of project
management techniques (availability of people, machines,
material at the right time, in the right amount, at the right
place). Important aids include operation planning

* kK

*
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techniques and time planning techniques using various
recognised methods.

Poor building supervision and insufficient control lead,
among other things, to unsatisfactory execution of the
works, faults {obvious or hidden), faulty measurements and
payments for work, additional costs, and danger to
operatives {accidents) and materials. Unsatisfactory project
management and poor co-ordination normally lead to
building delays and extra costs.

3.3 Means and tools of construction supervision

Standard procedures vary according to the country and
profession, together with techniques/instruments for
project management. Supervision of the works,
measurement of works and accounting is based on the
drawings (production drawings, detail drawings, special
drawings), specifications, schedules, possibly a bill of
quantities, and the contract conditions.

The techniques of operation and time planning make use
of various common methods: bar charts, line diagrams and
networks.

Bar charts (according to Gantt, bar drawings), show the
work stages/trade duties on the vertical (Y) axis, and the
accompanying building duration or time duration
(estimated by experience or calculation) on the horizontal
(X) axis. The duration of the various stages/duties are
shown by the length of the particular bars {(shown running
horizontally).

Building stages which follow on from another should be
depicted as such on the chart. The description of the
building stages and trade categories help in the setting up
of the bar chart, and make possible the comparison of the
planned programme and the actual progress of the work.

* Advantages: provides a good overall view; clarity;
ease of interpretation {type of presentation shows
time scales)

* Disadvantages: strict separation of work tasks; no
identification of sub-tasks; difficult to show
connections and dependence relationships of the
work stages (thus critical and non-critical sequences
are not identified, and if altering the time duration of
one stage will result in the alteration of the duration
of the whole project)

* Context of use: illustration of straightforward, self-
contained building projects which have a simple
sequence of tasks and no directionat element (e.g. as
in road construction), planning of individual tasks,
resource planning (staffing programme/equipment
and plant planning} > (1) p. 49

Line diagrams - speed-time distance~time {or
quantities-time diagrams) - show measures of time
(selected) on the one axis (which ones depending on the
building task), and measures of length (or, less frequently,
building quantities) on the other axis. The speed of the
production process (the slope of the line), and the division (in
terms of time and space between tasks) are clearly portrayed.

* Advantages: clear presentation of speed of progress
and critical separations

* Disadvantages: poor portrayal of parallel and layered
task sequences (spacing and timing of tasks which
have no directionat element)

* Context of use: illustration of building projects with a
strong directional element, e.g. length, height,(roads
or tunnels) or (towers or chimneys) > @ p. 49

Networks resulting from network planning techniques (as
part of operational research) » (3) p. 49 help in the analysis,
presentation, planning, directing and control of tasks. The
relationships between different operations show how they
are influenced by many possible factors {e.g. time, costs
and resources).

To calculate the overall project duration, assume a
project starting point at time PTy and show {(calculating
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forward) the earliest point in time ET (earliest time of start
event EST/ earliest time of finish event EFT) for each task (D
= duration, time span, beginning/finish of the task). The
overall project duration is the duration of project path
(critical path)/project finish time ET,. lIncorporating
estimated float (buffer time) elements (added together)
produces the given project finish time point PT,. To
determine the latest project start time, perform a backward
pass (from right to left), taking the latest time point LT
(latest time of start event LST, latest time of finish event
LFT) for each task {calculating backwards), and hence the
latest project start time for the project PT,. respectively the
total float TF of the individual tasks = (latest time point LT -
latest start/finish LST/LFT) - (earliest time point — earliest
start/finish EST/EFT) ., @) p. 49

The critical path method (CPM) puts task arrows into
order. Nodes show the start or finish events of the tasks.
The fundamental arrangement of relationships (=
dependence between tasks, quantifiable) in CPM is the
normal sequence (order relationship from the finish of the
previous to the beginning of the following; finish event of
task A = start event of task B). The time frame is determined
(i.e. the task is allotted a definite estimated duration time).
Tasks which are running parailel and are dependent on each
other, dependencies of parts of tasks with each other which
are a condition for the progress of a further task, are
displayed as dummies (dummy arrows, order relationships
in the network with time interval of 0). D+ @ p.50

The content of the critical path chart mirrors the list of
tasks (list of individual activities together with timing
estimates). > (3 p. 50

The metra-potential method (MPM) orders the task
nodes. Arrows display the order relationships. The
fundamental arrangement of relationships with MPM is the
order of starts (order relationship between the start of the
previous task to the start of the following task; start event of
task A = start event of task B). The time frame is determined
(as with CPM). The content of the task node network mirrors
the list of tasks (compare with CPM). . @), 3), @ p. 50

The programme evaluation and review technique (PERT)
orders the task nodes. Arrows display the order
relationships. The time model is normally stochastic {i.e.
the determination of the time intervals between the events
is by probability calculations). Geometric models of PERT +
CPM can be combined in a mixed presentation (tasks as
arrows, and events as nodes). Theoretically, an event
arrow-network plan is feasible; however, no practical
method is available.

Advantages/disadvantages/appropriate applications of
the various network planning methods:

* Pre-organised networks with deterministic time
model {CPM/MPM) are the most suitable for detailed
direction/control of building operations (emphasis on
individual tasks).

Event-orientated networks {(PERT) are more suitable
for strategic planning and overview of the project
(events = milestones).

* Task node networks (MPM) are easier to set up and
alter {(consistent separation of tasks planning/time
planning), and reproduce a greater number of
conditions than task arrow networks (CPM; however,
CPM is more widely used in practice, being older,
more developed, and because 70-80% of ordering
relationships which occur in network plans are
standard sequences).

Networks are primarily very detailed but are difficult to read,
so additional presentation of the results as a
barchart/diagram is necessary. Computers are predestined
to be an aid, particularly in setting up large networks
(resulting from entries of relevant data from the list of tasks).
Suitable software is available {the majority being for CPM).
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ARTICLES OF AGREEMENT
1 contractor’s obligations
2 contract sum
3 architect
4 quantity surveyor
5 settlement of disputes

Conditions: Part 1: General
interpretation, definitions, etc.
contractor's cbligations

contract sum - additions or deduc-
tions — adjustment - interim certificates
architect’s instructions

contract documents - other docu-
ments - issue of certificates
statutory obligations, notices, fees
and charges

levels and setting out of works
materials, goods and workmanship
to conform to description, testing
and inspection

royalties and patent rights
person-in-charge

access for architect to the works
clerk of works

variations and provisional sums
contract sum

VAT - supplemental provisions
materials and goods unfixed or off-site
practical completion and defects
liability

partial possession by employer
assignment and subcontracts, fair
wages

O~ O e W
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10
11
12
13
14
15
16
17

18
18

20 injury to persons and property, and
employer's indemnity
21 insurance against injury to persons

and property

22 insurance of the works against perils

23 date of possession, completion and
postponement

24 damages for non-completion

25 extension of time

26 loss and expense caused by matters
materially affecting regular progress
of the works

27 determination by employer

28 determination by contractor

29 works by employer or
employed by employer

30 certificates and payment

31 finance - statutory tax deduction
scheme

32 outbreak of hostilities

33 war damage

34 antiquities

Conditions: Part 2: Nominated subcon-

tractors and nominated suppliers

35 nominated subcontractors ~ general,
procedure for nomination, payment,
extension of period for completion of
works, failure to complete works,
practical completion, final payment,
position of employer in relation to
subcontractor, etc.

36 nominated suppliers

persons

Conditions: Part 3: Fluctuations
37 choice of fluctuations conditions

38 coentribution, levy and tax fluc
tuations
38 labour and material cost, and tax

fluctuations
40 use of price adjustment formulae

@ Typical headings for contract clauses

scope of contract and

building
contract

the works

the payment
@ General contract conditions

groundworks

excavations

boreholes

diversion of springs

retaining walls

bored piling

water retention works

land drainage

underground gas and water mains

underground drainage

consolidation

retaining works on water courses,
ditches and embankments

underwater excavation, dredging

underpinning

sheet piling

sprayed concrete work

determination conditions

carrying out of the
works, hindrances,
completion

risks,
responsibilities,
guarantees

construction work

brickwork

concrete and reinforced concrete
work

stonework

blockwork

carpentry work

steelwork

waterproofing work

roofing and tiling work

plumbing work

finishing work

plastering and rendering

floor and wall tiling, and paving
work

screeding work

asphalt laying

joinery work

floor laying and finishing work

@ Building contract contract Typical division of the work into sections
A2 room description B2 room dimensions B4 service connections for B5 values
1 2 3 1 2 3 1 2 3 4 5 6 i 3 6
prov. room number use user o | area 2 height g volume heat- | venti | sanit. | elec other |mech. |t8Mp. [vent [light | notes
A B I Z | m? Zlm 2 m3 ing lation { ation | supply [ wiring {conv. |{-C per b tux
w 104 hall N 6.92 L 2.47 N | 1487 - sw TS 20 1
CcL St :
F8 o Skt autios
w 204 bath/WC N 3.47 L 2475 N| 8588 |CH MV |{BA (wB - 24 7 o ranstorner
WB S0 SWo s
WC TF 51 RUEN
w 304 kitchen N 6.09 L 247 N[ 1504 CH Mv | st SW |- - 20 4 N
SO B ot st
SWL TS teiepnosy socket
BA - nan
850 o s
- WE W gt et e e
- - N - S At Sght ST
w 404 | loggia N 169 L 2.363 N| 4000 |cH | My swo|as |- 21 |1 e et
w 504 liv.idin N | 1977 L 2.47 N| 4863 SO P et
CL CHO entra regt g
wW 604 service rm F L 2475 N 0.891 MY et g et e

@ Example of a room schedule (Raumbiicher in Germany) (abbreviated version)

47



Information on this page was provided by the Stanley Partnership, Cheltenham

CONSTRUCTION MANAGEMENT

[ —

L Wl et et < vevel

e sterin ot

G

m <
v that the rate o VA o
Wi n Ehe wtee e
 eetted s * e M
EL NS b
VAT R
Fhio i ot s Fa tmcwice
@ Extract from a specification of piped services
@ An interim certificate according to RIBA y
tssued by Architect’'s
ddress Instruction
W suithiac Famplovee b evtory
ST AL address
ELLEMT MTTT P ¢
ubn s0rroIHC pbpras i
w BUILDING Emplover dab evferener
efr AL addrens
Ve e Iostrurtio
cated weldable steel, 85 436C Grade 43 treated i
| primer and top coat as clause G warks ! Cuntraetor s date
1 i address
| W.dosts, as drawings 955 5K 118~119; i et
{ Halfes WY ties at 225 centres; including \
pedates, angle breckets, and all boits 1 Works
. i stuated at
FsEe A i oae !
P e tong 2 e Contract duted

wall stacters, profile (AT

@ Extract from a bill of quantities

Summary
31:07.97

Valuation No 2

Phase 2

City works
Alfred Street
Gloucester

O Example of architect's valuation
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Interim . .
" S STFIL PIPFWURN SURFWED AND FL ANGED (0INTS
Certificate >
[ pud Inrecuon Utless sated esewnere all :peorh and ftiags pipenne anciiianes a0
" s 0 cuIpracrt $hait be screwec BSP 10mnts 0n pipework up to and

acluding Smm gmeser anc Hlanged b3 a8e anone

Blach slee, ppenork Jo:nts sha.. be screwed BSP up te Sdinr: drameter and
“heceaiter shail 5% but weidec o weided anged vomts otiy. Welded rounts
owever, 5¢ uSd ON 2y Size O Diack el PIPERATA EXcept L baives. Pipei
ancillanes and cornections 1 egpmens Al weided -ornts shal have beveiied
mitree enas

On gaivaniseq st pipeworn
be screwed InClucing fanged woims Welded 1ot wi. a0t be dlowed on

o and wncluding S diameter, Ll ot via

EXS
tabryaren,

Sed yieei PIpOROrh ey 15 IR OA 13 Tl XD 2

Abgne DU o westec and

RO JAALTISG SEC. DN S, Sne £ Bk

o : welded “lunged 1w
I Wiere pipewor, S generay specified 45 AN wewed” i wiih afe necessan
snalt be of welded £anged type oty are sifewes s w11t be aliowed

4B.03 BLACK AND GALVANISE

Y

L1 PIPES UP TU 1SUMM DIAMETER

SHR D MG Mee! CRCUIL TESSNE CORETLOLS.y Sl weided 1de of tube ot

N ot for s mens + Dach ar gahanisec first o 85 DT AMD SBI 989 and of hens weighs
LW Rt ertis Gias the amsount due e the | aates tor (o e PEp—— quakty
4B BLACK STEEL PIPES OVTR [SCMM DIAMETIR

rshed searnless e
6 and BS 3ue

Blacx stee, pipes avore |0
HFS 4.0 grade 0 BS ik
AMD 01, 98¢ The

Norra Dumeter

Wi Tckaess
am .

T emack 1 e
145 (LINTELS /COP 1NGS /FEATURE
conceate; as clause FII/IN0
protile as drawing 735/WDi6)
o i type Al horizortal; splaved
+ arooves - 2 o
W
LT Fair ends 3 onc dwenwcanas  Signed
ey
FTBM I Fitted ends 3 nr - - Amount of Contract Sum - %
. + Approxsmate valus of previous lustructions £
Pl o X557 ctype Bi horszontal; splayed Sub ol §
: grooves - *m + Approximate vafos of this lostruction &
FTB « F ed Appromimate adjusked lotal - 8
B seved wods 4w e X e
J s [ ] comascr [— 1] exausan [
Faac w 5 type £ horimmtal; splajed [ ] tosoms [T W — ;
grouves - 2 n [} ommsnd o commors [ MK omtians il e
e n Fase ends nr
PSfor JUT e TFC w8 MW "
¢
. ssa

@ An architect's instruction according to RIBA form

Stanley Partnership

RECORD

Date
30 Novembe: 1998

Job  MOUSE AT BLOCKIEY 82119
Telephone Number 01242 242943

Meeling. Tetephona Cravara 1iss

DEREX NICHOUSON RICHWOOL

; nove spoken 1o Ihe engineer and Ine CELEON SOUAR Diocks “Foy be used
1 As valuation summary £ 32,933.32 ot ey orer e e o e AR biocks e
5 . Use Gense bocks for intesnai posmiions or sound resistance and butl ot watr
2 Materials on site: £ 3,750.00 e ernarpartion i e ¢ i
Al each Dull ol Lse expaNGEd metar foIged 16 form anr L wim 106
Incorporate every other course
Al cormers s formed fo have doubie plaster Stofs beads oy Muvement e
Righorg Staniey %\L
o Marn Hewet W
Valuation total £ 36,683.32
Less retention 500% £ 1,834.17
£ 34,849.16
Less previously certified £ 8,816.82
£ 26.032.24 \
VAT@  17.50% £ 4,555.64 J/b\ A X
Valuation for payment £ 30,587.88 ;
Page 1 '

Acbon

@ Architect's record of a communication



budding programme

1938
Jan_ Y Feb | Mar | Apr Jun Jul_ [ Aug | Sep Jo-D
-4 __F - 3__.C
- s oo
21 o
z =2
. 15 H*=
0 =il
17, b [
w
16 e H
—1 i
15 el 1]
m T
I3l A
1 = 3
=) i
+
k H
8 Y
1
= 'Y
% 1
4 1
E¥ +
3- 3
3 o
==
@ site installation ez formwork and steelwork
3 groundworks £ scaffolding erection
O concrete works ~==scaffolding removal
timetablte bar diagram, divided into separate trades
plant and equipment programme
type of 1308
work | san Feb) Mar Apr May Jun Jat Aug Sep
ground =
works . =]
concrete
works S—_——t—+—+r—u

shuttenng $
steel

remnforce

| ment works| . . . JEE= 3 =
matenals
nansport

= %————:—'

scaffolding

site e
nstaitation ¥ =
i 1 1 1 1 ) 3
Frast ptotec [ = ¥ )
R —fF—+f | | — T
number of
waork
positions
1 shift work 1 shift work
2 shift work \
-—
0 1
{ 1
- 1
X
I
1
time Jan Feb Mar Apr May | Jun Jul Aug Sep | O-Dec

fist | building | job unit | amount [consum- [Xh |duration comparison
no. | section {descr ption h/time unit
iption h/E {day, week,
month)

should be
18
should be
1S
should be
[

@ Check list for measured work

CONSTRUCTION MANAGEMENT

493m

\

P4 removal of topsoil

8+ eMova 3ving and ker,
e val of pay, d kerb,
P 9 f S

2AT
P8 leve! base tayer 1 AT

15

20—
25—
30—

PS5 ground Covering

35 —

site clearup

20 -\

v days

sequence of works: s
site installation and clearing

demolition and earthworks
construction of road profile
metalling, paving and kerbs

Building time plan

linear programming

simulation

Ene(work planning (echmquesa

other methods

operation research

@ Network

latest project latest time points

commencement LST = latest start time point o8
time point LFT = latest finish time point g
+ Z

N —r i

T
= PT,,.

WY B8, %, A

=3

£ & project critical path

3 & commence- | earliest time project fimish given project

2 2 ment date points time point finish bme point
=

S8 EST = earliest start time point

EFT = earhest finish time point

@ Network calculation

arrow

> display

node

network

@ Network orientation and precedence
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CONSTRUCTION MANAGEMENT

- | J i j n tasks point dummy earhest latest
_______ —_———— —— e — ANNANNNNS
o 0, o o, Dl D, of time _
fimsh start normal normal time-dependent o |[short S |from T to from \ to E
relationship sequence sequence with dummy arrow < description = = < < Z 12,
(dumimy arrow) dummy arrow 8 5 |task number | task number g < g < g £
a e o = s E= P
t
102 | excavation P1 2 4 5 [1or3 4 2 4 2 0
101| excavation W1 4 6 7 {lorb 6 4 8 4 0
; ‘mem of j i [Fnish Start 104 { excavation W2 5 8 9 |tor7 8 8 13 13 18 5
E— ] —¥{ event p————P event 203 piling 17 3 10 2 19 n 28 9
finish event of i of 1 of j
S 302 foundations P1 4 11 12 |5 11 4 8 4 8 0
301]| foundations W1 | 8 13 14 |7ori12 (13 8 16 8 16 0
nodes N task number .
1D task duration 304 | foundations W2 | 10 15 16 [9or14 [15 | 16 | 26 18 28 2
LS ES NPN network plan number 303 | foundations P2 | 4 17 18 [100r16|17 | 26 | 30 | 281 32 2
LF EF ™ ES earliest start
> EF earliest finish 402 concrete
TF NPN ™o LS latest start columns P1 8 19 20 {12 19 8 16 8 186 o
LF latest finish 401 | concrete
TF total float columns W1 16 21 22 (1dor20\27 16 32 16 32 o
task (arrow) 403 | concrete
dummy arrow
critical path columns P2 8 23 24 [180r22 |23 | 32 40 32 40 o]
" added up

@ Task list (CPM) cf. > (1)

oife 6] BEEX
000 s Bo it
<« |

i 1
1 <, : order number
! 1 <,
\\ : i \‘ node order 3 diescnkpnon order
! : relationship of tas refationship
: 8] 8 Juoz Bs [ o | s
1 {os] s o J2o]
|
! TN task number
i ES I EF ‘ LS \ LF D task duration
I NPN network plan number
| ™ ES earliest start
i EF eartiest finish
{ NPN l TO ‘ TF LS latest start
LF latest finish
TF total float
e d arrow (relationship)
sesssese critical path

8 te] 8 ]te]
[ 501 )
(618]0]

@ Task-arrow network planning method

standard methods network planning methods

order
fine diagrams bar charts tabel- CPM MPM
ling arrow-orientated | node-orientated x
(=3
2
@
{=
0 —{ 1 a
[eo{72[ed]72]
| 203 ]
o
2
)
z i I =D,
2o |00 0001
[
ég @ Network plan {CPM)
3 pos.| description dura- | previous earliest latest total
$ no. | of task tion | task < - < < fioat
> ! i Z=D0, +1 > 4 > @ time
—_ 1 Ee] = o =
g2
é‘g” 103 | excavation P2 2 0 2 0 2 0
102 | excavation P1 2 103 2 2 0
101 | excavation W1 4 102 4 8 4 8 0
@
§ ! 2 =D, 104 | excavation W2 5 101 8 13 13 18 5
§o i o1} '(m > 203 | piting 17 103 2 19 1 28 9
2 ‘% 302 | foundations P1 4 102 4 8 4 8 o
s
%2 301 | foundations W1| 8 101, 302 8 16 8 16 0
304 | foundations W2 | 10 104, 301 16 26 18 18 2
§ 303 | foundations P2 4 203, 304 26 30 28 32 2
g 402 { concrete
2%, columns P1 8 302 8 16 8 16 0
gg 401 | concrete
@ = columns W1 16 301, 402 16 32 16 32 14
® 403 | concrete
§ columns P2 8 303, 403 40 60 40 60 0
é—g 501 | beams P1-W1 12 401, 402 32 44 36 48 4
(—t " 502 | beams P1-W2 12 403, 501 44 56 48 60 4
gg 503 | beams P2-W2 12 404, 502 60 72 60 72 0
cZ

" added up

@ Comparison of the display forms of different process diagrams @ Process list (MPM]) cf. — @
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surface of terrain

X A 4
o
©
v
«Q =150 — terrace
’ | v
o
©
vi
a base of excavation
L

Banked excavation with terrace for the
collection of precipitating material

shuttering

existing building section

=
d level %
v groun: /
terrace surface level not lower / floor
" (h:n upper surface of cellar floor level
o7
N lower edge of /
\ foundatio
- =05 @ —z20—
N o o g ground water
A
@ Formwork Se_curmg (-fx:stm? )
neighbouring buildings
= a1 b
envisaged building ; H ey
. existing
ground level i building i
himit of soil N cellar floor | l
excavation I level envisaged building !
 lower edge of 0
foundation ¥ RN underpin ===
fimit of soil E:\ {masonry, existing
excavation N} concrete or ql | building
following Ny reinforced ground leve
completion of i 3} concrete)
underpin N " limit of soi! ! cellar floor
v ,L_B/ o excavation - (3) tevel
ground water - 4—3)[ —‘g Q y
» 55 L %_ 3 A__glower edge of Y /7f =
=0. n foundation
excavation }- 1 1o x

@ Section through
underpinning - @

y[gcteTn
L/J_l

fir;I building 4

z

Al ground water 205
e

Section through
foundations > @

N 2 D 3
‘,\:_]* r%’ ZH _! v ? j
T b \‘i‘rst building
section
a

r

3 ———tb

=

A

l“mmumﬁ J@wwﬂma
~N
5 g N
2 : L Ve N
first building ra 2 P
section first building
section

@ Plan view > @

2064

@ Plan view — @

F=0.64

125 — —wfw-

=175

THE BUILDING SITE
Foundations, Excavation, Trenches

Surveying, site investigation, appraisal

Failure to accurately assess the building site and water table
conditions and to specify the correct foundations generally
leads to irreparable structural damage and serious cost
overruns.

Lateral ground displacement due to the load on the
foundations causes the foundations to sink into the ground
or become laterally displaced. This leads to total failure of
the foundations.

Settlement due to compression of the building site under
the foundations due to the load on the foundations and/or
loads caused by neighbouring structures leads to
deformations and damage (cracks) in the superstructure.

Where there is adequate local knowledge of the nature,
mechanical properties, stratification and bearing strength of
the sub-socil layers, calculations can be made which
determine the dimensions of shallow foundations
(individual and strip foundations; foundation pads and
rafts) and deep foundations {pile foundations). If such
knowledge is not available, timely investigation of the
ground is required, if possible in consultation with an
appropriate expert. This involves examination of the strata
by excavation {manual or mechanical excavator), borings
(auger/rotary bit or core drilling) with the extraction of
samples and probes. The number and depth of inspections
required depends on the topography, type of building and
information available.

The depth of the ground water table can be investigated
by inserting measuring pipes into boreholes and taking
regular measurements (water table fluctuations). The
ground water samples should also be tested to assess
whether it is aggressive towards concrete (i.e. presence of
sulphates, etc.).

Ground probes (and sample cores) are used to
investigate granular composition, water content,
consistency, density, compressibility, shear strength and
permeability. Probes provide continuous information on
soil strength and density as they penetrate the various sub-
soil layers.

All test results and the opinion of an expert site
investigator should be brought to the attention of the
building supervisors.

Consult local and national standards for ground (rock)
descriptions, classification of earthworks, sub-soil

characteristics, stratification, ground water conditions,
necessary foundation/excavation depths, calculation of
excavation material quantities, and construction and safety
of excavations.

timber capping
{min. dia. 10cm)
F=064 underlay timber
tmin. 16 « 16cm or dia
16¢em) (if necessary)

i
Il timber bracing
tmin. 12+ 16cnmn
—1
l
i struts
il
steel suspension
straps (min. dra
f 16mm or 10mm .
|l 30mm;
-~ lI brackets
i

9 Excavation with banked

@ Partly secured excavation
edges

Excavation with prop
support

Vertical sheet iron piles
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@ Official site plan

peg

working

planned area

building

Zgé) embankment

embankment
type of ground angle
loose soil 40°
medium loose soit 40°
firm soil 80°

loose and firm rock 80°

@ Excavation

peg

“base of

. excavation
>50 working
room

embankment
profile ~

@ Boning rods

neighbouring
building

base height

level marker

T

— datum point

Site plan with the building
dimensions drawn in

sight rail

long building line
(string above)

setting out

survey rod
on the site
boundary

suspe;\.ded
plumb bob

boning h

short buitding line
{string below}

planned neighbour

house \<
{

boundary
stone

-
- * datum point
-

road

The planned house in
relation to the site

line

sight rail

N

planned —\
building

Setting out: how the building is measured into place — @

bracing site board

plumb bob

@ Corner site boards

road height
{manhole cover)

measuring rod

road pavement

gz

possible datum points

77

level

scaled rod

1

setting board

77

setting board, mostly 3m long;
intermediate levels measured
with a scaled rod

Setting board

levelling
instrument

excavation
fioor -4.05

sight rail

excavation for planned building

finished ground
floor level +0.00

EXCAVATIONS

Site and Building
Measurements

The building site must be
surveyed and the plan of the
proposed house entered on
the official site plan . (1) - 2.
When the requirements of the
planning and building reg-
ulations have been met and
planning permission granted,
the foundations are pegged
out as shown by wooden pegs
and horizontal site boards
@ - (®. The excavation must
exceed the cross-sectional
area of the house to provide
adequate working space
>500mm - @ - (). The slope
of the sides of the excavation
depends on the ground type;
the sandier the soil, the flatter
the siope » @).

After excavation, string
lines are tightly stretched
between the site boards
to mark out the external
dimensions of the building.
The outside corners of the
house are given at the
crossing points of the lines by
plumb bobs. The correct level
must be measured - @.
Dimensions are orientated by
fixed points in the
surroundings. Setting boards
- (9, of wood or aluminium,
3m long, with a level built-in
or fixed on top, are installed
horizontally with the ends
supported on posts. Inter-
mediate contour heights are
measured with a scaled rod.

A water-filled, transparent,
flexible hose 20-30m long,
with glass tube sections at
each end marked out in mm,
when held vertically, is used
to read water levels. After
calibrating by holding both
glass tubes together, levels
between points on the site
can be compared accurately
to the mm, without the need
for visual contact (e.g. in
different rooms).

Tevell x:g—p;g— -

i - A

@ Measuring levels for the building



In practice, it is incorrect
to assume that pressure is @—
distributed at an angle of

45° or less; lines of equal

pressure (isobars) are

Wide foundations result
in higher stresses than
thinner ones with the
same base pressure

> 2~ found-
ation
base

30°: earth
60°: rock
Intersection of
foundation
influence lines
causes danger of
settlement and
crack formation
{important when
new building is
adjacent to old
building}

Foundations on
a hillside: lines
of pressure
distribution =
angle of slope
of the ground

Foundations on a
sand filling of
0.8-1.20m high,
applied in layers
of 15cmina
slurry; the load
is distributed
over a larger
area of the site

Individual foundations for @ Strip foundations are most
light buildings without frequently used for
cellars building

sinking
caisson

driven pile in situ concrete pile

Raft foundation reinforced @ Grid pile and sinking
with structural steel caisson arrangement for
deep foundations

brickwork

pressure !
distribution
tine

foundation

Simple strip foundation on
lean concrete

Widened, stepped
foundation in unreinforced
concrete

EARTHWORKS AND FOUNDATION
STRUCTURES

QIO I OHIED

Technical investigations of the ground should provide
sufficient data for efficient construction planning and
execution of the building work. Depending on the
construction type, the ground is evaluated either as
building (for foundations), or as building material (for earth
works). Building structures are planned (if legally possible
and with local approval), according to expert assessment
(i.e. avoiding marshy areas, landfill, etc.). The building
construction type and the prevailing ground conditions
affect the design of the foundations, e.g. individual footings
> (. strip foundations - (@), raft foundations . (@), or if the
ground strata are only able to carry the load structure at
greater depth, pile foundations - (9. Pressure distribution
must not extend over 45° in masonry, or 60° in concrete.
Masonry foundations are seldom used, due to high cost.
Unreinforced concrete foundations are used when the load
spreading area is relatively small, e.g. for smaller building
structures. Steel reinforced concrete foundations are used
for larger spans and at higher ground compression; they
contain reinforcement to withstand the tensile loads - 4} +
(2. Reinforced, instead of mass, concrete is used to reduce
foundation height, weight and excavation depth. For
flexible joints and near to existing structures or boundaries
- (3. For cross-sections of raft foundations - used
when load-bearing capacity is lower, or if individual
footings or strip foundations are inadequate for the
imposed load. Frost-free depth for base > 0.80m, for
engineering structures 1.0-1.5m deep.

Methods to improve the load-bearing capacity of the site
Vibratory pressure process, with vibrator, compact in a
radius of 2.3-3m; separation of the vibration cores approx.
1.5m; the area is thus filled; improvement depends on the
granulation and original strata. Ground compression piles:
core is filled up with aggregate of varied grain size without
bonding agent. Solidification and compression of the
ground: pressure injection of cement grout; not applicable
to cohesive ground and ground which is aggressive to
cement; only applicable in quartzous ground (gravel, sand
and loose stone); injection of chemicals (silicic acid
solution, calcium chloride); immediate and lasting
petrifaction.

N

N

N2

N
|

{a) raft of uniform thickness

(a) divided (b} non-divided X
foundation (false) foungation
] {b) raft reinforced with beams
! ] {c) raft reinforced with beams
{ J

A O SO |

{c) with divided {d) foundation next (d) strengthening under supports

sole plate to existing
buitding
Application of foundations @ Cross-sections of raft

on dividing lines and foundations

movement joints

Chamfered foundation in @ Yet wider foundation in the
unreinforced concrete form of a steel reinforced
concrete plate
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{a} ground retained in situ
concrete or sheet piling
retatning wal}

ATy 7

(d} concrete structure
against a retaining
wall

(b} rear anchored in situ
concrete or sheet piling
retaming wall

i
4

(¢} in situ concrete or sheet
piling retaining wall built
into structure

(e} gravity wall

tf} retaining wall with
heel and toe

@ Building structures rated for the retention of soil pressure

* determined by greatest bore depth

@ Minimum depths

nnan

non-load-
bearing ground

load-bearing

ground

N
7. R
4——B
WAM/ R z vl
} it Lt
T=3b b T=3b - o T
=6m z6m TZ158 TZ15b
z6m z26m

for trial bores

e
ex>3d=1m+d

=1.10m

@ Requisite pile separations for driven piles

@ Requisite depth of load supporting ground under bored piles

EARTHWORKS AND FOUNDATION
STRUCTURES

To calculate the active soil pressure on retaining walls - () and
the permissible loading sub-soil, the type, composition, extent,
stratification and strength of the ground strata must be known.
Where local knowledge is inadequate, trial excavation and
boreholes are necessary {separation of the bore holes < 25m).
For pile foundations, the bore depths should extend to the foot
of the piles - (2). According to the method of measurement,
these depths can be reduced by a third (T = 1.0B or 2 x pile
diameter, but >6.0m). For the required pile separations for bored
piles - (3); for driven piles - @. The stated values do not apply
to load-bearing plugged and bored pile walls. For the requisite
depth of the load-bearing ground under bored piles . (), for
compressed concrete bored piles, Brechtel System »®).

Pile foundations: Loads can be transmitted by the piles to the
load-bearing ground by surface friction, end bearing or both
bearings; the type of load transfer depends on the building site
and the nature of the piling. Bearing pile foundations: load
transmission takes place at ends of the piles onto the load-
bearing ground and/or through skin friction. Suspended pile
foundations: the piles do not extend downwards until the ends
are on the load-bearing region. Weak load-bearing layers are
compacted by pile driving.

Type of load transfer: Friction piles essentially transfer the load
through surface friction via the load bearing region around the
circumference of the pile. End bearing piles: the load is principally
transmitted by the pile end on to the bearing stratum; in this case,
surface friction is not significant. The permissible end pressure is
significantly increased in some types of pile by widening the
bases of the piles.

Position of the piles in the ground: Foundation piles are in the
ground over their whole length. Retaining and projecting piles
are free standing piles, whose lower portions only are below
ground; the tops of these piles are exposed and therefore
subject to buckling stresses.

Materials: wood, steel, concrete, reinforced concrete and
prestressed concrete piles.

Method of insertion in the ground: Driven piles are rammed
into the ground by pile driving hammers. Jacked piles are
inserted by pressure. Bored piles are inserted by way of a bore
hole. Screwed piles are inserted by rotation. With driven tube
piles, a steel tube former is driven into the ground and
withdrawn as the concrete pile is cast in situ. A distinction is
made between piles which compact the ground, pierce it, or
pass through a hole in it.

Type of loading: Axially loaded piles. Bearing piles are
subject to compressive stresses - the load being transmitted
through point pressure and surface friction. Tensile piles are
subjected to tensile stress with loads transmitted through
surface friction. Horizontally loaded piles. Retaining or
projecting piles are subject to bending stresses, e.g., horizontally
loaded large bore piles, sheet piles.

Manufacture and installation: Prefabricated piles are made in
finished sections and delivered to the point of use, and driven
into the ground by hammering, pressing, vibrating, screwing or
by inserting in ready-prepared bore holes. In situ piles are
created in a hollowed-out chamber in the ground, such as bored

piles, tube piles, auger piles

air : . .
inlet fork - air  concrete filling E-«—— et and cylinder piles. Mixed
water ] inlet  funnel device pressure cap foundation piles are
— —— outlet e . .
B =] | == (] assembled from in situ and
A AN 7NN prefabricated parts. In situ
% i ground piles provide the advantage
bore %« water % water 74 steel . . ..
tube tube level reinforcement that their length is not critical
VAR pre construction, and can be
designed on the basis of
concrete .
compaction  results, and
rubber sealing examination of cores of Fhe
ring member ground strata obtained during
P AN &Tgw W’VZ\;‘ 7 the boring process.
a) <

@ Compressed concrete bore pile (Brechtel System)




BUILDING AND SITE DRAINAGE

External underground drains are understood to be those
which are laid outside the plan area of the building. Drains
underneath cellar areas are taken as interior drains.
Depending on topography, the depths required are 0.80m,
1.00m and 1.20m. In severe climates, measures must be
taken to protect against frost.

Changes in direction of main drains must be constructed
only with prefabricated bend fittings and no individual bend
should be greater than 45°. If a junction of drains cannot be
formed with prefabricated fittings, then a manhole must be
constructed. Inaccessible double junctions are not
permitted and a drain must not be reduced by connection
into a narrower pipe in the direction of flow (with the
exception of rainwater drainage outside buildings).

minimum falts for:
nominal foul water | rainwater combined | foul water rainwater and
dimensions, drains drains drains drains combined
DN within within within outside drains outside
{mm) buildings buildings buildings buitdings buitdings
upto 100 1:50 1:100 1:50 1:DN 1:DN
125 1:66.7 1:100 1.66.7 1:DN 1:DN
150 1:66.7 1:100 1:66.7 T:DN T:ON
from 200 | DN 10N TON 1:DN DN
2 2 2
fill level 05 07 07 05" 070
hid . . B . A

¥ for ground drains greater than 150mm dia.; also 0.7
** for ground drains greater than 150 mm dia. connected to a manhole with open
throughfiow; alsc 1.0

v/ground rainwater
> drains drains
s gl e
° g 5
2| 213
materiat S = « =
© o = e pa ©
£ 2| e 5| clog| €
o o el 0 = s |=o =
= i g1 2| 2183 2
© © 4 < 3 © | cga rd
2 @ 2 @ £ a c o | ® @
= x = S © - z 24T h
2 8 2 3 ® < £ = 1c g o
Sy w | <] &e| 2] 3| |8 =
clay pipes A1 non-
with + + + + + bustibl
sleeves combustible
clay pipes
with straight - + + + + - + - + A1
ends
thin walled
clay pipes + ¥ + + + + + - + Al
with straight
ends
concrete pipes - - - + - - - - a1
with rebate
concrete pipe - + + + - - - A1l
with sleeve
reinforced - + + + - - - - a1
concrete pipe
glass pipe + + + + + - + Al
cement + + + + + + + + - | A1 non-
fibre pipe combustible
cement - - + + + - - - - A2
fibre pipe
metal pipe
{zinc, copper, - - - - - - - . - a1
aluminium,
steels)
cast ron
pipe without + + + + + + + + - A1
sleeve
stee! pipe + + + + + + + + - Al
stainless + + + + + + + + + At
steel pipe
PVC U pipe - - + + _ _ _ + |B1 low com-
e bustibility
PVC-U pipe,
corrugated - + + - - - + |-
outer surface
PVC-U pipe, - - - + + - - - s |-
profiled
PVC-U foam - - - + + - - _ + |-
core pipe
PVC C pipe + + + + - + + + + B1
. 82
PE HD pipe + + + + - + + + + | combustible
- + + - - - + |-
PE HD pipe,
with profiled + - - - + |-
walling
PP pipe + + + + - + + - + B1
PP pipe,
mineral + + + + - + + - + B2
reinforced
ABS/ASA/ + + + + - + + - + |B2
PVC pipe
ABS/ASA/PVC
pipe, minerat + + + + - + + - + B2
reinforced outer
layer
UP/GF pipe + + - - +
Nb\GE bibe - - + + - - - +
19A61
L6IULOLCE] OMNI6L
bibe' wiuseLg| + + + + + + - + B3
VYB2WeV\bAC
bAC bibs
vB2\wew + + + + - + + - + |B3
L61|0LCEY
LIU6LS) + + + + - + + - + |BS

@ Minimum falls for drains
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BUILDING AND SITE DRAINAGE

drainage pipe does not alter

term symbol unit explanation Calculation of foul water flow
rainfall value T Ys-ha) | rainfall value, calculated according to The deCiding factor in CaICUIating the size of the nominal
the building section of the drainage bore is the maximum expected foul water discharge V.,
system, with accompanying rain R i R ) s
duration (T) and rain frequency () which is given by the sum of the connection values and/or,
rainfatl area A m? the area subjected to rainfall measured if aDDFODriate, the effeCtive water Consumption, while
in horizonal plane {A) from which the f H H H
rain water flows 10 the drainags systern taklpg |nt.o 4 account the simultaneous use of the various
sanitary fittings.
discharge coefficient L 1 in the meaning of this standard, the . .
relationship between the rainwater VS =K. ZAWS + Ve
flowing into the drainage system and . N N
the total amount of rainwater in the Guide values for the drainage discharge factor K are shown
relevant rainfall area . R . PPN
in @ and example connection values AW, are given in (3.
water flow Ve s | effective volume of water flow, not If the foul water discharge Vj is smailer than the largest
taking into account simultaneity | 9T 7S . .
connection value of an individual sanitary fitting, then the
rainwater v, I/s discharge of rainwater from a . .
discharge connected rainfail area by a given latter value is to be taken. For dramage systems that do not
rainfall value fit into the categories of building listed in 3), K values
foul water v, /s discharge in the drainage pipe, resulting should be calculated according to individual specific uses.
discharge from the number of connected sanitary
units taking into account simultaneity
combined water I’ I’s sum of the foul water discharge and type of building, drainage system K
discharge rainwater discharge V,,, = V, + V, {lis)
apartment buildings, pubs/restaurants, guest 0.5
ﬁg\r]x\;pmg Yo /s calculated volume flow of a pump etc. houses, hostels, office buildings, schoals
hospitals (wards), large pubs/restaurants, hotels 0.7
connection AW, 1 the value given to a sanitary fitting to N
value caleulate the following drainage pipe faunderettes, rows of showers 1.0
(TAW, - 1i/s} laboratory installations in industrial organisations 1.2t
drainage K Is amount depending on the type of *in the cases when the total water flow \'/e is not relevant
discharge factor building; results from the characteristics
of the discharge @ Factors for drainage discharge
discharge v, Its calculated discharge through a drainage
capacity pipe when full, without positive or
negative static pressure B . . |
sanitary fitting or type of drainage pipe connection DN of the
partial fill V; Ifs discharge through a drainage pipe value single connecting
discharge while partly full AW, drain
degree h/d, 1 relationship between the filling height h hand basins, vanity units, bidets, 0.5 50
of fill and the diameter d, of a horizontal row of wash basins
drainage pipe
kitchen waste run-off (single/double sink), 1 50
fall / cm/m | difference in level {in cm) of the base of including dishwasher for up to 12 covers,
a pipe over 1m of its length or its floor gully, washing machine {(with trapped
relative proportion {e.g. 1:50 = 2cm/m) drain) for up to kg dry laundry
functional K, mm roughness value, which takes into washing machines for 6-12kg dry laundry 157 70"
roughness account all the loss in flow in drainage -
pipes commercial dishwashers 2* 100~
nominal DN - this is the nominal size, which is used floor gullies: nominal bore 50 1 50
bore for all compatible fittings (e.g. pipes,
pipe connectors and bends); it shouid nominal bore 70 1.5 70
be similar to the actual bore; it may
only be used instead of the actual bore nominal bore 100 2 100
in hydraulic caleulations when the _
cross-sectional area calculated from the WC, basin type dishwasher 2.5 100
smallest actual bore is not more than R
5% less than that calculated from the shower tray/unit, foot bath 1 50
nominal bore (in refation to a circular i N
cross-section this represents about bath tub with direct connection 1 50
2.5%}
© bath tub with direct connection, 1 40
actual bore DS mm internal dimension (diameter) of pipes, {up to 1m length) above floor level,
fittings, manhole covers etc., with connected to a drain DN >70
specified permitted tolerances* {used as ,
production specification to maintain the bath tub or shower tray with an 1 50
necessary cross-sectional properties indirect connection, connection from
(area, circumference etc.) the bath outlet less than 2m length
minimum DS mm | according to the regulations the bath tub or shower tray with an 1 70
bore smallest permissible bore, given by the indirect connection, connection from
smallest tolerated actual bore the bath outlet longer than 2m length
dimension
connecting pipe between bath - 40
minimum i mm the minimum inner diameter of overflow and bath outlet
inner drainage pipes, related to the 5% N
diameter tolerance allowed from the dimension laboratory sink 1 50
of the nominal bore "
outlet from dentists’ treatment 05 40+
flooding - - the situation when foul and/or rainwater equipment {with amalgam trap)
escapes from a drainage system or N
cannot enter into it, irrespective of urinal (bowl) 05 50
whether this happens in the open or nominal bore of
inside a building internal collecting
drain
overioading - - the situation when foul and/or rainwater
runs under pressure in a drainage number of urinals:  upto 2 0.5 70
system, but does not leak to the surface
and therefore causes no flooding upto 4 1 70
drainage Ty m a section of the drainage system in upto 6 15 70
section which the volume of effluent, the
diameter d,, and/or the fall / of the over 6 2 100

"now: lower dimensional limit

* using these given estimated values, the actual values should be calcuiated

@ Tecmina|sax fat prildina and site drainsoe

(1) Terminology for buitd

g and site drainage

@ Connection xalues gf sanitar (ittings ang pasic xaluez {oc

@ Connection values of sanitary fittings and basic values for
nominal bores of individual drainage connections (branch drains)



type of unit AW,

(a) multi-room flat 5
for drainage froem all sanitary rooms and kitchen

(b multi-room flat 4
for drainage from all sanitary rooms,
but without the kitchen

studio flat 4
for drainage from all sanitary fittings

hotel rooms and similar 4
for drainage from all sanitary fittings

Connection values for specific units (for stacks, above- and
underground drainage)

In the calculation of water flows for load types listed in ),
no conversion of the connection value AW, needs to be
carried out.

type of load flow measurement

launderettes, rows of showers water flow V,

laboratory mstallations water flow V,

sundry separators {e.g. oil) water flow V,

drainage pumps, sewage pumps and large
washing and dishwashing machines, connected

pumped flow V,,
to the mains water and to the drains

rainwater share in a combined drainage system rainwater discharge V,

@ Load types

BUILDING AND SITE DRAINAGE

Dimensioning of drainage systems following the
connection of a pump installation

Non-pressurised drainage following a pump installation is
to be calculated as follows.

(a) With rainwater drainage, the pumped flow from the
pump Vp is to be added to the rainwater discharge V..
{b) With foul water and combined drainage, the relevant
highest value {pumped flow or the remaining effluent
flow) is to be taken, under the condition that the addition
of ¥, and V,, or V does not result in a complete filling of
the underground or above-ground drainage pipework. The
calculated testing of the complete filling of pipes is only to
be carried out on pipes for which there is a filling ievel of
h/d, = 0.7. If there are several foul water pump installations
in a combined underground/above-ground drainage
system, then the total pumped flow of the pumps can be

reduced (e.g. for every additional pump add 0.4 Vp).

Dimensioning of foul drain pipes: connecting pipes ..3"
Single connecting pipes from hand basins, sink units and
bidets, which do not have more than three changes of
direction (including the exit bend of the trap) can be
constructed from nominal bore 40 pipes. If there are more
than three changes of direction, then a nominal bore 50
pipe is necessary.

Internal collecting drainage

individual connecting drain pipe DN with regard With unventilated internal collection drains, the drain length
tothe layout L, including the individual connection furthest away, should
| oot eritor Gnvent- | vent not exceed 3m for nominal bore 50 pipe, 5m for nominal
nomina ayout criteria . . _
sanmary units bore ilated | iated bore 70, and 10m for pipes with a nominal bore of 100
S : (DN) length height | number of . :
basis | Lm | Him' | bends? on | on (wnhput WC connection). Where greater IengThs are
o3 w0 @ required, wider bores or the use of ventilated pipework
up to . . . .
sink unit, 40 upio3 | uptol s 0 should be considered. Internal coliection drain pipes over
washbasin, P 5m in length with a nominal bore of 100, WC connections
" or .
brelet 40 pover3 BT | over3 70 50 and falls H of 1m or more must be ventilated.
bath tubs
N above-ground collecting drain pipes DN with regard
comecton 02500 | g fuprot | 40| M | a0 | g o heandii
e : highest permitted layout criteria criteria
DN of the stack 70 Y AW,
up to DN
upto3 0.25 50 50 unvent- vent- length L | height H {unventilated venulated
bath tub with 50 ' without ilated ilated m" m" DN DN
direct connection over 3 or Over 1 limit 70 50 4 50 up 103 upto 1 50
upto 3
over 1 70
bath tub with connection 40 up to 3 up to without 40 40 i 15 50 up to & upto 3 from stack 50
to floor gulley P 0.25 limit
3 70 upto s upto 1 70
upto5 upto 1 70 70 ; 100
floor gully (bath drain) 3 45 70 610 over 70
with connection to bath 70 over 5 over 1 W;t::)‘m : up to upto 3 from stack
tub or shower tray or mi 100 70
upto 10} upto3 100 up to 1 100
16 without upto 10 over 1
. . . over 1 without WC - 100
sigle connection pipes 50 over 3 upto 3 limit 70 50 upto 3
over 5 over 1 1.5 50 over 6 olr over 3
single connection pipes 70 or 100 70 - 45 70 over 10 Olr over 3 ventilation
upto3 f essential
without - 25 100 over 10 or over 3
upto 10| upto 1 hmﬂ“ 100 100 without WC
single connection pipe
100 over 10 | over 1 100
without WC or 195 100 16 with WC upto 5 upto 1 100
upto 3
- 25 100 over 5 over 1 ventilation essential
wC 100 |upto5 | uptol 100 100 with WC )
wcC
max. 1m horizontal 100 uptos | OVe 1} without 100 100 - >16 ali ventilation essential
distance to stack upto 4 limit
RN 3 100 WC with 1 sink unit on the ground floor
ventilation H at least 4m above the horiz. drain pipe
single connection pipes all over 3 essential - distance of WC from stack max. Tm

B

3 H difference in height between the

T connection to a ventilated pipe
and the trap of a sanitary unit

L straightened out length of pipe
up to the trap

L

naximum permitted tengths and height differences of single connection pipes)

< number of bends including exit bend of trap

J2|

diagram 1 R

B diagram 2

H difference in height from the connection to a ventilated pipe (stack,
above-ground, underground) to the highest situated trap

L straightened out pipe length to the furthest situated trap

Nominal bores of above-ground drainage in connection with the
layout criteria of the pipe runs

Nominal bores of above-ground drainage in connection with the
layout criteria of the pipe runs
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K=05l/s K=07ls K=10l/s
upper
DN " limit . max max max
A v, YAW, { number | EAW, | number | XAW, | number
{mnmy) {l/s} of WCs of WCs of WCs
70 68.2 15 9 - 5 2 -
100 975 40 64 13 33 8 16 4
125 115.0 53 112 22 57 14 28 7
1218 6.2 154 31 78 20 38 10
150 146.3 101 408 82 208 52 102 25

*' see explanations - p. 56
**' itis not permitted to connect more than four kitchen sanitary units
to one separate stack (kitchen stack}

@ Foul water stack drains with top ventilation

K=05ls K=071ls K=10Vls
upper
DN *) limit max y max max
A, v, YAW, | number | AW, | number | AW, | number
{mm) {I/s) of WCs of WCs of WCs
70 68.2 2.1 18 - 9 - 4 -
100 3875 5.6 125 25 64 16 31 8
125 115.0 7.4 219 44 112 28 55 14
121.9 8.7 303 81 154 39 76 20
150 146.3 14.1 795 159 406 102 199 50

*1 see explanations - p. 56
**1 itis not permitted to connect more than four kitchen sanitary units
10 one separate stack {kitchen stack)

Foul water stack drains with direct or indirect additional

ventilation
K=05l/s K=07ls K=1.0l/s
upper
DN - limit ) max N max . max
A, o v, TAW, | number | ZAW, | number | LAW, | number
{mmj} {I/s) of WCs of WCs of WCs
TFOx* 68.2 26 27 - 14 7 -
100 975 6.8 185 37 94 24 46 12
125 115.0 9.0 324 65 165 41 81 20
121.9 105 441 88 225 56 101 28
150 146.3 17.2 1183 237 604 151 296 74
*1  see explanations »p. 56
**itis not permitted to connect more than four kitchen sanitary units
to one separate stack (kitchen stack}
@ Foul water stack drains with secondary ventilation
type of surface coefficient

waterproof surfaces, e.g.
- roof areas >3° fails
- concrete surfaces, ramps
- stabilised areas with sealed joints 1.0
- asphalt roofs
- paving with sealed joints

roof area <3° falls 0.8
- grassed roof areas V'

- intensive planting 03

- extensive planting above 100mm built-up thickness 03

- extensive planting less than 100 mm built-up thickness 0.5

partially permeable and surfaces with slight run-off, e.g.
concrete paving laid on sand or slag,

areas with paving 0.7

- areas with paving, with joint proportion > 15%

{e.g. 100 « 100mm and smaller) 0.6
- water consolidated areas 0.5

children's play area, partly stabilised 0.3

sports areas with land drainage

- artificial surfaces 0.6

- gravelled areas 0.4

- grassed areas 03

water permeable surfaces with insignificant or no water run-off, e.g.
park and planted areas
hardcore, siag and coarse gravelied areas, even
with partly consolidated areas such as:
- garden paths with water consolidated surface or 0.0
- drives and parking areas with grassed concrete grid

" according to guidelines for the planning, construction and maintenance of roof
planting

@ Discharge coefficient (y) to calculate the rainwater discharge (V,)

BUILDING AND SITE DRAINAGE

Foul water stacks

The nominal bore of all foul water stacks must be at least DN 70.
For foul water stacks with top ventilation the figures given in (1
should be used for design calculations. The nominal bores
shown for the stacks considered are associated with the
maximum sum of the connection values with which the stack
can be loaded. It should be noted that to avoid functional
disruptions a limit is put upon the number of WCs (i.e. sanitary
units that introduce quantities of large solid objects and surges
of water) that may be connected to the various stacks. In
addition to foul water flows, tables (1) - (3) also show examples
of sums of connection values {see p. 56).

Foul water stacks with secondary ventilation can be loaded
with 70% more foul water flow than stacks with top ventilation.
They can be estimated in accordance with > (3).

Calculations governing underground and above-ground
collection pipes (horizontal foul water drains) should be made
based on the ratio h/d, = 0.5 although for under-ground pipes
outside the building over DN 150 can use h/d, = 0.7. The values
for the partial fill discharge flow of the pipes with minimum falls
Imin are identified in relation to whether the pipes are laid inside
or outside the building. Values below the given size steps are
allowed for pipe calculations only in individually justified cases.

Calculations for rainwater pipes: rainwater discharge
and rainfall value

The discharge from a rainfall area is calculated using the
following relationship:

T{ny

® Vr=l;/~A~1o000 inl/s
where V, = rainwater discharge in I/s
A = connected rainfall area in m?
rrm = rainfall value in i/(s-ha)
v = discharge coefficient according to » @

Rainwater drainage pipes inside and outside buildings are
fundamentally to be calculated with a minimum rainfall value of
at least 3001/(s-ha). It is also important to ensure that there are
enough emergency overflows for large internal rainwater
drainage systems. The requirements can be checked using the
following standard figures for the location:

ris;)  Fifteen minute rainfall value, statistically exceeded

once per year. This rainfall value shouid only be
used in exceptionally well reasoned cases for the
calculation of rainwater drainage pipe sizes.

rsi05)  Five minute rainfall value, statistically exceeded

once every two years.

rsi0.05y Five minute rainfall value, statistically seen is

exceeded once every twenty years.
For above- and underground drains within a building, subject to
agreement with local guidelines, a rainfall value of less than 300
can be employed, though it must be at least as great as the five
minute rainfall value in two years (r55). Across Germany,
rs(0.5) varies from around 165 up to as much as 4451/(s-ha) so it
is important to check the figures with the local authority.

If smaller rainfall values are proposed and there are large
roof drainage areas {e.g. above 5000m?2), it is necessary to carry
out an overloading calculation on the basis of what can be
expected in the case of rainfall equivalent at least to a five
minute rainfall value in 20 years (r5g gs5)). These rainfall values
can be as high as 9501/(s - ha). Within the overload sector, take
into account the resistances due to the layout of the pipes. If a
special roof form is proposed {e.g. those with areas of planned
flooding) they must be waterproofed to above the flood level
and the additional loads must be taken into consideration.

Underground rainwater drainage pipes should have a
nominal bore of DN 100 or more. If the pipe is outside the
building and for mixed drainage (i.e. will also carry foul water),
and connects to a manhole with open access, the nominal bore
should be DN 150 or above.
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Cellar level protected
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against rising damp
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Damp-proofing of building
with no cellar and with non-
habitable room use; hardcore
at the level of the damp-
proof course
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Damp-proofing of building
with no cellar; floor with
ventilated air gap between
floor and ground level

finished ground
ground floor level

level R
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@ Damp-proofing of building
with cellar with non-

habitable room use {masonry
walls on strip foundation}

topsoil
surface water
—
— = 3
water pressure
e, .
—o—
o
excavation} — —
filed with Jo — - tanking
porous
matenal
wates
pressure T o~ / [- gravel filter
400,
e
layer of 080 000
305 05 o0 o
filter packing, SRR Qi
drampipe
nominal dia 50 t water seepage
100mm

through pores

@ Drainage and tanking

@ Good protection required on
hill side of building; hillside
water conducted away by
drainage - @ - @

finished floor
level

@ Damp-proofing of building

with no cellar and with non-
habitable room use; floor at
ground level

/|

finished floor
ground tevel

level b
3

PPRASRS7R

Damp-proofing of building
with no cellar; low lying
floor at ground level

ground o
level ‘;l’

finished ground
floor level

finished
2@  cellar floor
2 level

@ Damp-proofing of building
with cellar; masonry walls
on strip foundations

gravel bed
for splash
protection

gm

filled

— tankin:
excavation 9

o — protective tayer
of concrete grid

filter layer
drain pipe

Protective wall of concrete
grid units

DAMP-PROOFING AND TANKING

Cellars are used less these days as storage rooms and more

as places for

leisure or

as additional rooms for

accommodation and domestic purposes. So, people want
greater comfort and a better internal climate in the cellar. A
prerequisite for this is proofing against dampness from
outside. For buildings without cellars, the external and
internal walls have to be protected from rising damp by the

provision of horizontal damp-proof courses

»@-®- On

external walls, the damp-proofing is 150-300mm above
ground level - @) - ®. For buildings with brick cellar walls,
a minimum of 2 horizontal damp-proof courses should be
provided in the external walls - @ -®). The upper layer may
be omitted on internal walls. Bituminous damp-proof
membranes, asphalt, or specifically designed high-grade
plastic sheet should be used for the vertical tanking in walls.
Depending on the type of back filling used in the working
area and the type of tanking used, protective layers should
be provided for the wall surfaces — (2 - G4. Rubble, gravel
chippings or loose stones should not be deposited directly
against the tanking membrane.

water occurs as

proofing required against

type of proofing

rising damp
building elements

capillary effect on vertical

protective ayers against ground
dampness {damp proofing)

precipitation,
running water
of building elements

seepage of water not under
pressure on sloping surfaces

proofing against seepage
{tanking)

ground water hydrostatic pressure

pressure retaining proofing
{tanking)

finished ground
floor level

GANANANANRNNY

finished
N cellar floor
N level

Damp-proofing and tanking
of building with cellar;
walls of concrete

gravel bed
for splash
protection

7;—- waterproof mat

seepage layer

23R8 RO POV &

)
o
T

gax

drain pipe

@ Waterproof mat

raft foundation

finished
celiar floor

raft foundation

fimshed
cellar floor
¢ fevel

Damp-proofing and tanking
of building with cellar;
masonry walls on a raft
foundation

ventilated fagade
gravel bed
for splash

protection \(

corrugated fibre
protective layer

fibre cement
sheet over

tanking
material

filter layer
drain pipe

@ Protective layer of fibre
cement boards

9
R
-
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Ground dampness in very
porous ground

finished
ground
floor level
D o N
oQ water
- Q’mbux o\ . N
AVASTS <
=
e © \
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o " o finished
o ° 1 cellar floor
o © level
\
e . AV
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o . o
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3 Water under pressure in
ground containing ground

gravel

=03

Drainage system with
granular material around
the pipe (tile drain}

finished
ground
floor level

finished
cellar floor
level
sSE—

S

Non-pressurised water in
slightly porous ground
P

DAMP-PROOFING AND TANKING
Ground Water Drainage

Ground water drainage involves the removal of water from
the building site area through drainage layers and
drainpipes to prevent the build-up of water pressure. This
process should prevent blocking by soil particles (fixed filter
drainage). A drainage facility consists of perforated drains,
inspection and cleaning devices, and drainage pipes for
water disposal. Drainage is the collective term for drain
pipes and drainage layers. If drainage at the wall is
necessary, reference should be made to the cases - (- .3\
> (1 is relevant if ground dampness only occurs in very
porous ground. (2 is relevant if the accumulation of water
can be avoided by means of a drain, so that water under
pressure does not occur. » (3) is relevant if water is present
under pressure, as a rule in the form of ground water, or

Drainage system for deep
building work

®

inlet o |

deflecting
plate

> ARG, gravel

Soakaway for low drainage
requirement

DN 300

Example of an arrangement of drainpipes, inspection and
cleaning access in a ring drainage system

when removal of the water via a drain is not possible.
=
X
— gravel
sand
& position materiat thickness (m)
N VALY
N A in front of walls sand/gravel *0.50
N \%‘W
\DN 1000N so filter layer coarseness 0-4mm ~0.10
@ Drainage system with seepage layer coarseness 4-32mm 0.20
rubble trench fill (French gravel coarseness 4-32mm and geotextile -0.20
drain)
on roof slabs gravel coarseness 4-32mm and geotextile ~0.50
under floor slabs filter layer coarseness 0.4mm 0.10
seepage layer coarseness 4-32mm
gravel coarseness 4 -32mm and geotextile
around land drains sand/gravel 0.15
seepage layer coarseness 4 -32mm and 0.10
filter layer coarseness 0-4 mm
gravel coarseness 4-32mm and geotextile 0.10

drainpipe: nominal diameter 100mm, 0.5% fall
washout and inspection pipe: nominal diameter 300 mm

washout, inspection and collecting shaft: nominal diameter 1000 mm

Specifications and depths of granular materiais for drainage layers

30 7
7 VI TV
20 // /
! ” s
15 ;‘@/ ZiVLJ"@‘/ﬁ’L
7 3 ) o
Y /
10 y 7 VA4
08 /i /
/17 VAP 4 /A /
06 / /
? A NRVAY N R RV
= 04 / / / /
03 // / /
N S/ / / /
SO/
0.2 \\0( Lo e y
S/ /
N e'?/ /
0.1 ?/L—j,?
2
N
005
1 2 3 4 5678910 15 20 30 40 50
flow rate Q (I/s) ———wm

representation | component { material
filter Jayer |sand
geotextile
————— (filter fleece)
005 drainage gravel
layer individualy
composite
elements
{drainage
units, boards}
B {drainage mat)
— protective, |membrane,
[Ass] separating jrender
- d/proofing
. drainpipe
washout/
- .@ inspection
pipe
- @'— washout/
inspection/
collecting
shaft

Key to diagrammatic
representation

concrete land drains — — — corrugated plastic drainpipe

@ Measurement nomogram for drainage pipework



wall drainage

o,
or
- Oo.
O,

—— O .. 0,05 T 55 0

atet
Wl
trench for S\“\ace
surface water —
—
original
Q - limit of
4 excavation
\ 3 hill water
— : -
& gravel
S
= ¢ ’96 refilled excavation

concrete bed

@ Building walls on hillside must be well drained

18.80
- < 100

_—

{3— cleaning and

inspection shaft

10.70 ———
= —]

@150

fall ~ 0.5%

—]

inspection !y PUMP sump

opening 8 pipe to main
drainage

positional plan

Surface drainage with perforated land drains and ring drainage

pumped to main drain

sand/grave!

to main drainage R
o0
Ao - -
pump
inspection
spe sump [’ ©
opening A TN
[ concrete Vi ol
I {9 AN
4 H c. ©
L .ol glo: v, s
o
y: (] .08
§ o o
surface filter

drainpipe
dia. 150mm

@ Cross-section A-B > @)

15cm sand/gravet

water repetlent
covering

AT

- falt

existing >
ground ©
clay,
sandy

wall o
drainage N °
nvixed infill e
sandy gravel o o
4 32mm

horizontal

filter layer

sandy gravel
L

perforated
ppe Y
base concrete
Pipe drainage with mixed
infill {(French drain}

cohesive ground
ground level é Igo

Z— tanking
+— protective layer

— supporting wall

base concrete

O I O O I L

S v’@

radius

Continuous water pressure
resistant tanking

existing ground
clay, sandy

water repellent
covering

R
/] waterproof
[~ concrete

wall

DAMP-PROOFING AND TANKING

If the precipitation on the site is not absorbed quickly, a
build-up of water pressure can occur and tanking against
the water pressure is needed, with drainage to conduct
water away. For these measures . () - (3% for tanking
methods @) - 33.

Water pressure

If parts of buildings are immersed in ground water, a water
pressure retaining barrier layer (tanking) must be
positioned over the base and side walls. To plan this design,
the type of subsoil, the maximum ground water level and
the chemical content of the water must be known. The
tanking should extend to 300mm above the maximum
ground water level. The materiais can be 3-layer asphalt or
specially designed plastic membranes, with metal fittings if
necessary.

When the water level has sunk below the cellar floor
level, the protective walls are constructed on the concrete
base layer and rendered ready to receive the tanking. After
the tanking is applied, the reinforced floor slab and
structural cellar walls are completed hard against the
tanking. NB the rounding of the corners » & - 7. The
tanking must be in the form of a complete vessel or enclose
the building structure on all sides. Normally, it lies on the
water side of the building structure . &) - (7). For internal
tanking, the cladding construction must be able to
withstand the full water pressure Q2.

asphalt

joint grouting wearing layer

mastic
(3 grouting

rotective

aver {a) sealing anchor fittings
elastic which connect two walls
jointing tape thro

2. 2mm ugh the tanking
layers
locsely laid 8 > 7

waterproofing

reinforced
concrete

b} sealing a pipe penetration
of the tanking with ftanges

1.5mm bolted

flange thickness
flange width - 12cm separation - 15cm
bolts M20

Details: tanking between

two walls
arrangement
of small
cobblestones

e Tanking over a flexible joint
in reinforced concrete slab
2 layer copper band -
joggled assembly

0. 1mm thick,
300mm wide

Joint sealing
compound  prsm pavoirs
joint grouting

DTRZ

(/

profiled sheet
1. supporting course over

joint sealing - 100mm
wide - no adhesive

detail x

|protective layer ~ ‘hqu
Iwaterproohng TJoint A |
4 - opening

existing [~ drainage
ground clay o o sandyggravel
o 4-32mm
sand infill . horizontal
0-4mm wg;‘od "1 filter layer
coarse \. v o sandy gravel
gravel/rubble .o ol v{
32-63mm 2 2% T S
drainpipe %M
with 20mm dia A | sand

perforations  page concrete infill

Pipe drainage with layered
infill {tile drain}

porous ngUHd
ground level

7 ground
water

I Joo

— tanking
— protective layer
“f— supporting wall

base concrete
.

PTARZA
radius
Continuous water pressure
resistant tanking

e ‘x’y —— <
e 7 ’ 7 ’ e 7z e 7
. % . #

W
reinforced concrete

@ Tanking over expansion joint @ Tanking at connections to

in reinforced concrete slab; and

thermal insulating screed

anc. Dviding layer of
anchor plate N "y
& as abutment uncoated
’ - [ bitummnous felt
‘< anchorng to
g prevent upward R
movement .C
water ’, .o
table < { - o
max v, ]-_30 o -
o'
4 reinforced o - T
< concrete tray ° 2
X protective layer g _O' z
< concrete base . l
.0
o +2
-, Lo
undercoating Titer layor
hot coating

Subsequently constructed
tanking

Tanking at junctions of slab
bearing on retaining wall
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@ Dry stone walling

Squared random rubble
uncoursed walling

233

@ Irregular masonry courses

@ Ashlar walling

structurally effective
cross-section

Mixed masonry with
structurally effective cross-
section

62

Rough hewn uncoursed
random rubble walling

@ Hammer-faced squared
random rubble irregularly
coursed walling

@ Regular masonry courses

structurally effective
cross-section

Ashlar faced mixed
masonry walling

structurally effective

\ cross-section

“pAdZ4cm

Stone cladding: structurally
ineffective

MASONRY
Natural Stone

Masonry in natural stone is referred to as random rubbile,
squared, dressed, ashlar, uncoursed, coursed, etc. » @O - qo.
Stone quarried from natural deposits should be laid in the
orientation as found in the quarry » ), &, @ to give an
attractive and natural appearance; this is also better from a
structural viewpoint, as the loading is mainly vertical in pressure
between the courses. Igneous stone is suitable for random,
uncoursed masonry -, (2). The length of the stones should be
four or five times their height, no more, and certainly no less
than the stone height. The stones’ size is of great significance to
the scaling of a building. Attention must be paid to good
bonding on both sides. In natural masonry, the bonding should
show good craftsmanship across the whole cross-section.
The following guidelines shouid be observed:
(a) Nowhere on the front and rear faces should more than
three joints run into each other.
(b} No butt joint should run through more than two courses.
(c} There must be a minimum of one header on two-
stretcher courses, or the header and stretcher courses
should alternate with one other.
(d) The depth of the header must be approx. 1.5 times the
height of a course and not less than 300mm.
(e} The stretcher depth must be approx. equal to the course
height.
{f} The overlap of the butt joints must be >100mm {masonry
courses) and 150mm on ashiar waliing - &) - (7).
{9} The largest stones should be built in at the corners + (1) — &),
The visible surfaces should be subsequently pointed.
The masonry should be levelled and trued for structural bearing
every 1.5-2.0m (scaffold height). The mortar joints should be
<30mm thick, depending on coarseness and finish. Lime or lime
cement mortar should be used, since pure cement mortar
discolours certain types of stone. In the case of mixed masonry, the
facing layer can be included in the load-bearing cross-section if the
thickness >120mm > (9. Front facing (cladding) of 25-50mm
thickness (Travertine, limestone, granite, etc.) is not included in the
cross-section and the facing is anchored to the masonry with non-
corroding tie-rods, with a 2mm separation from it {0

group [ type of stone min. compressive strength
in kp/cm? (MN/m?)

limestone, travertine, volcanic tufa 200 20}

B soft sandstone {with argillaceous binding agent) 300 (30)

C dense (solid) limestone and dolomite {inc.
marble) basalt lava and similar 500 (501

D quartzitic sandsto_ne {with silica binding agent}, 800 (80)
greywacke and similar

E granite, synite, diorite, quartz porphyry, 1200 (120}

melaphyre, diabase and similar

@ Minimum compressive strengths of types of stone

masonry type mortar group as in 11
group A B c D E
1 | quarry stone | 21(0.2) 2{0.2) 3(0.3)) 4(0.4)] 6086
2 IS 2(0.2) 340.3) 1 5(05)| 7(0.7)f 9(0.9
3 il 3(0.3) 5(0.5) | 6(0.8); 10(1.0}| 12(1.2)
4 | hammer finished | 3(0.3) 5(0.5) | 6(0.6)| 81(0.81] 10(1.0
5 | masonry courses liftta 5(0.5) 707 ] 909 12(1.2)] 16(1.6)
6 1 6(0.6) [10(1.0) | 12(1.20| 16(1.6)] 2242.2)
7 | irregular and | 4(0.4) 6(06) | 8(0.8)| 10(1.0)| 16(1.6)
8 | regular masonry IE) 71{0.7) 9{0.9) [12(1.2)] 16(1.6)} 22(2.2)
9 | courses 1 10(1.0) | 12(1.2) | 16 (1.6)| 22 (2.2}| 30 (3.0)
10 | ashlar walling i 81(0.8) 110(1.0) | 16 (1.6) | 22 (2.2)| 30 (3.0
1 Ma 12(1.2) |16(1.6) | 2212.2)| 30(3.00] 40 (0.4)
12 it} 16 (1.6) |22(2.2) | 30 (3.0} | 40 (4.0)] 50 (5.0

@ Basic values - permissible compressive stress on natural stone
masonry in kp/fcm?2 (MN/m2)

slenderness ratio
or eff. sl. ratio 810.8)| 10 {1.0)[12 (1.2} 16 (1.6} 22 {2.2}} 30 {3.0}| 40 (4.0) | 50 (5.0

12 6(0.6)} 7(0.7)] 8(0.8)[11(1.1)]15(1.5)[22 (2.2){30 (3.0)] 40 (4.0

)

10 8{0.8) 110 (1.0)]12 (1.2)]16 (1.6} 22 (2.2)| 30 (3.0){40 (4.0} 50 (5.0)
)
)

14 410.4)| 5{0.5) 6(0.6}} 8(0.8)|10(1.0}{14(1.4)[22(2.2/30 (3.0

16 3(0.3)] 3(0.3)} 41(0.4)] 6(06)] 7(0.7)[10(1.0){14(1.4}{22 (2.2

18 3(0.3)] 4(0.4)] 5(05)] 7(0.7{10(1.0)]14(1.4)

20 31{0.3)] 5(C5) 7(0.7]10(1.0)

1

2

3

4

5

6

@ Permissible compressive stresses on natural stone masonry in
kp/cm2 (MN/m?2)




MASONRY
Bricks and Blocks

y—ﬂ"’ As per BS 6100: Section 5.3: 1984, masonry units include
several terms: unit {special, shaped, standard shaped, cant,
plinth, bullnose, squint, solid, cellular, hollow, perforated,
common, facing, split-faced, lintel, fixing, concrete, calcium
silicate, sandlime, flintlime, fired-clay, terracotta, faience),
] header, stretcher, closer {king, queen) and air brick. Brick: a

masonry unit not over 338mm in length, 225mm in width or

113mm in height. The term ‘brick’ includes engineering,

frogged, hand-made, stock, wire-cut, rusticated, rubber, tile

and damp proof course bricks. Block: a masonry unit

exceeding the size of any dimension of brick, including
@ Single leaf fairfaced dense concrete, lightweight concrete, lightweight
aggregate concrete, aerated concrete, autoclaved aerated
concrete, thermal insulation, foam-filled concrete, clinker,
dry walling, cavity closer and quoin blocks. All masonry
work must be horizontally and vertically true, and properly
aligned in accordance with regulations. On double leafed
masonry - @ + (9, floors and roof must be supported only
by the inner leaf. Masonry leafs should be joined with a
min. of 5 stainless steel wire ties, 3mm in diameter, per sq.
m. The ties are separated 250mm vertically and 750 mm

horizontally.
designation tength {cm) breadth {cm) height {crm)
thin format TF 24 1.5 52
R R R R standard format SF 24 15 71
Double leaf with brick .Smgle leaf W.Ith thermal 132 standard format 12 SF 24 15 1.3
facing insulated facing 2'/2 standard format 22 SF 24 175 113

@ Masonry formats

238
238
238
238

i
w0

175
113

52

Lz

@ Interrelationship between brick/block height dimensions ’\H\/

%////A 272

Single leaf with tile Single leaf with internal cellar wall thickness, d height h (m} of ground above cellar floor
h i insulati {cm) with vertical wall loading (dead load) of
anging insulation > 50kN/m < 50kN/m
P——?—?—{*—ﬁ{ 115 240 365 2.50 2.00
5
157100 W 30 175 1.40
24 1.35 1.00

@ Minimum thickness of cellar walls

% thickness of the | height bracing wall in the
supporting wall | of storey 1st to 4th and 5th and 6th spacing tength
e to be braced {m) full storey levels from top {m)
F’ w 115<d< 175 <3.25 thickness (cm) ~ 4.50 - 15
175<d<24 < 6.00 of the
> 115 >17.5 height
L L— 24 <d <30 <3.50 . 8.00
Double leaf cavity wall (8) Double cavity wall with full 30<d £500
with partial fill cavity fill insulation
insulation Thickness, spacing and length of bracing walls
dimensions {cm) thickness of wall (cm)
1.5 175 l 24 30 »36.5
recesses in breadth - <51 ~635 |- 76
masonry bonding residual wall thickness - > 115 ©175 | ~24
sawn out siots breadth < wall thickness
depth <2 l\:3 |~4 1-5 1\6
min. spacing between recesses and siots | 199
distance from openings > 36.5
distance from wall junctions > 24

Rendered facing
with/without air cavity

Tile hanging on insulating
blockwork

@ Permissible vertical recesses and slots in braced and bracing walls
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2
-
2
-
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115 4 178
210 (24)

msulation

@ Double leaf masonry with
full fill cavity insulation

Crossover with reinforced
light concrete masonry
blocks

g

Masonry of light concrete

joint

Reinforced masonry for
door or window lintel

Masonry in hollow blocks

biocks {(hollow blocks) with with in situ reinforced
reinforced pumice concrete trough lintel
lintel

Aerated concrete blocks
with cemented joints: Tmm

outer wall

layer

mortar chamber

tnternal wail

Building blocks with 5e¢m
insulation layer and mortar
filled cavities

Scm insulation

Poroton blocks with mortar
filling

mortar
filling
channels

@ Special wall blocks with
insulation and mortar
filling channels

MASONRY
Bricks and Blocks

Masonry walling has to be braced with lateral walls and the
tops restrained by upper floors (cellular principle). Bracing
walls are plate-like components which stiffen the structure
against buckling -» p. 63 G9. They are rated as supporting
walls if they carry more than their own weight from one
storey. Non-supporting walls are plate-like components
which are stressed only by their own weight and do not
provide buckling support. Recesses and slots have to be cut
out or positioned in the masonry bonds. Horizontal and
slanting recesses are permitted, but with a slenderness
ratio of < 140mm and thickness = 240mm under special
requirements > p. 63 (5. Ties should be provided for
connection between external walls and partition walls
acting as bracing walls that transmit horizontal loads.
Horizontal reinforcement is required in structures of more
than two complete storeys or which are more than 18[tJm
long, if the site conditions demand it, or where there are
walls with many or large openings (if the sum of the
opening widths is more than 60% of the wall length, or
where the window width is over 2/3 of the storey height or
more than 40% of the wall length).

heading lengthwise number height dimension (m), with block thickness tmmy
number dimension* {m} of
OD | 0S| OL {courses 62 7 113 155 175 238

0.115{0.135| 0.125
0.240} 0.260 | 0.250
0.365] 0.385 | 0.375
(.430| 0.510| 0.500

1 0.0625 | 0.0833 0.125 0.1666 | 0.1875 | 0.25
2

3

4

5 0.615| 0.635| 0.625

8

7

8

g

0.1250 | 0.1667 0.250 0.3334 | 03750 | 050
01875 | 0.2500 0.375 05000 | 05625 | 075
0.2500 | 0.3333 0500 0.6666 | 0.7500 | 1.00
0.3125 | 0.4167 0625 08334 | 09375 | 125
0.3750 0.5000 0.750 1.0000 1.1250 1.50
0.4375 | 0.5833 0.875 1.1666 13125 § 175
0.890} 1.010| 1.000 0.5000 | 0.6667 1.000 1.3334 1.5000 | 2.00
1.115] 1.135| 1.125 0.5625 | 0.7500 1.125 1.5000 16875 | 2.25
10 1.240| 1.260| 1.250 10 06240 | 0.8333 1250 1.6666 1.8750 | 2.50
1 1.365| 1385} 1.375 06875 | 08175 1.375 18334 20625 | 275
12 1.490] 1.510| 1.50 12 07500 1 1.0000 1.500 2.0000 22500 | 3.00
13 1.615| 1835 | 1.626 13 0.8125 | 1.0833 1625 2.1666 24375 | 325
14 1.740| 1.760] 1.750 14 08750 | 1.1667 1750 2.3334 2.6250 | 350
15 1.865( 1.885 1.875 15 09375 | 1.2500 1875 25000 | 28125 | 3.75
16 1.890| 2.010 | 2.000 16 1.0000 | 1.3333 2.000 2.6666 | 3.0000 | 400
17 2.115] 2.135| 2.125 17 10625 | 1.4167 2125 2.8334 3.1875 | 425
i8 2240} 2.260| 2.250 18 1.1250 | 1.5000 2.250 3.0000 3.3750 | 4.50
19 2.365| 2.385| 2.375 18 1.1875 | 1.5833 2375 31666 | 35625 | 475
20 2.490| 2510 2.500 20 1.2500 | 1.6667 2.500 33334 3.7500 | 500

0.74C) 0.760 | 0.750
0865} 0.885| 0.875

© O N A s W N o

* OD = outer dimension, OS = opening size, OL = overlap

@ Setting out dir ions for y work
block | biock dimension number wall per m per m:
format] format {emi of courses | thickness | of walt of masonry
:l)elr 1hr[" feay no. of | mortar | no. of { mortar
19 blocks | tlitre) | blocks | thitrer
DF 2411552 16 115 66 29 573 242
3 132 68 550 284
< 365 198 | 109 541 300
<]
°
o NF 24-115.71 12 115 50 26 428 225
- § 24 99 64 412 265
B = 36.5 148 101 406 276
22
2T
gg 2DF [ 24115113 8 1.5 33 19 288 163
5 g 24 66 49 275 204
S 365 99 80 271 220
3 8
QQg 3DF 124.175- 13 8 175 33 28 188 160
=4 24 45 42 185 175
2
g 4 DF 24.24.113 8 24 33 39 137 164
8 DF 24 .24 -238 4 24 6 20 69 99
blocks | blocks {485 . 175« 238 4 175 8 16 46 84
and and 435 .24 . 238 4 24 8 22 33 86
hoilow} hollow| 48.5 - 30 - 238 4 30 8 26 27 88
blocks | blocks | 37 « 24 - 238 4 24 12 26 50 110
37 .30 -238 4 30 12 32 42 105
245 -365- 238 4 365 16 36 45 100

@ Building material requirements for masonry work



plastic disk {only
for cavity walls) jl ”
C floor

X X X X X
+—3/m

window

= i
rz/a F75 4 =
X X

X X X X X

L expansion
joint

Wire ties for external double Anchoring of the outer leaf

teaf cavity walls > pp. 63-4
wall thickness en) 175 i 1.5
storey height (m) ~ 3.25
live load tkNim?) including addition for light dividing walls ~ 275
nuimber of complete storeys above 40 i 2

Only permissible as intermediate support for one way spanning floors of span
4.5m; white for two way spanning floors, the smaller span is to be taken 3,

Between the bracing walls, only one opening is permitted with a width of ~1.25m

including any storeys with walls 11.5¢m thick

< If the floors continuously span in both directions, then the vatues for the direction
which results in the lower loading of the walls from the floor shouid be multiptied
by 2.

M ndividual loads from the roof construction imposed centrally are permissible if the
transference of the loads on to the walls can be proved. These individual loads
must be - 30kN for 11.5¢m thick walls and ~~50kN for walls which are 17.5¢m thick.

@ Supporting internal walls with d < 24 cm; conditions of use

wall permissible maximum vaiue for openings (m2)
thickness | at a height above ground level of
{cm} 0-8m 8-20m 20-100m
=10 ¢ ~2.0 v =10 v 2.0 £=10 £ >2.0
115 12 8 5 5 8 4
175 20 14 13 9 9 6
24 36 25 23 16 16 12

@ Areas of openings in non-supporting walls {(only mortar la or {Il)

MASONRY
Bricks and Blocks

Solid masonry walling comprises a single leaf, where the
facing work is attached to the background masonry by a
masonry bond. Each course must be at least two bricks/
blocks in depth, between which there is a continuous, cavity-
free longitudinal mortar joint of 20 mm thickness. The facing
leaf is included in the load-bearing cross-section . p. 63.

In double leaf walling without cavity, for load
considerations, only the thickness of the inner leaf is taken
into account. For calculating the slenderness ratio and
spacing of the bracing components, the thickness of the
inner shell plus half the thickness of the outer is used. If
regulations allow it the cavity can be completely filled
(double leaf cavity walling with insulating cavity fill).

Double leaf cavity walling without cavity fill. min.
thickness of inner leaf . (§); outer leaf > 115 mm; the air gap
should be 60 mm wide; the leafs are connected by ties . . 1°
- (2. The outer leaf must be supported over the whole area
and attached at least every 12m. The air gap is to extend
from 100mm above the ground to the roof, without
interruption. The outer leafs are to be provided with
ventilation openings top and bottom, on every 1500 mm?2
wall area {including openings). Vertical movement joints are
to be provided in the outer leaf, at least at the corners of the
building, and horizontal movement joints should be
provided at the foundation level Q).

Reinforced masonry: wall thickness >115mm;
block/brick strength classification >12, mortar lll; joints with
<20mm reinforcement; steel diameter < 8mm, <5mm at
crossover points.

Wall types, wall thicknesses: Evidence must be provided
of required structural wall thicknesses. This is not necessary
where the selected wall thickness is clearly adequate. When
selecting the wall thickness, particular attention should be
paid to the function of the walls with regard to thermal and
sound insulation, fire protection and damp-proofing. Where
external walls are not built of frost resistant brick or stone,
an outer rendering, or other weather protection should be
provided.

Supporting walls are predominantly subjected to
compressive stresses. These panel type structural elements
are provided for the acceptance of vertical loads (e.g. floor

description gross outer party and
density | walls staircase and roof loads) and horizontal loads (e.g. wind loads).
{kg/m3) walls
light hollow concrete blocks 1000 300 300 number of permissible full storeys including 2 -3
two and three chambers 1200 365 240 the finished roof structure
1400 430 240
for ceilings that only load single leaf transverse 11.5m 17.5
light solid concrete blocks 800 240 300 walls {partitioned type of construction} and on
1000 300 300 heavy ceilings with adequate ateral distribution
1200 300 240 of the loads
1400 365 240
1600 490 240 for ali other ceitings 24 24
aerated concrete blocks 600 240 365 M highest permissible vertical live load including p = 2.75kN:m<
800 240 365 addition for light dividing walls
autoclaved aerated concrete 800 175 3125 Minimum thickness (in cm) of the internal leaf in double leaf
large format components with expanded clay, 800 175 312.5 masonry external walls
expanded shale, natural pumice, 1000 200 3125
lava crust without quartz sand 1200 275 250 thickness of storey bracing wall
1400 350 250 the supporting | height | 4o 1 4 5th and 6th spacing
wall to be
braced storeys from the storeys from the
light concrete with porous debris structure 1600 450 250 top, thickness top, thickness
with non porous additions such as gravel 1800 625 250 fem) fm) tem) femi o
2000 775 250 > 115 <175 <325 +4.50
> 175 <24 -6.00
as above, but with porous additions 1200 275 250 =115 > 175
1400 325 250 ~24 <30 »3.50 ~ 8.00
1600 425 250 30 <5.00

Minimum thicknesses of external party and staircase walls
plastered on both sides

@ Thickness and spacing of bracing walls




synthetic resin
render

105 N
120-150 0.17-027
175+240 W/(m?-K)
10

Masonry with bonded
insulation panels

@ Cavity walling

fibre reinforced

Low energy wall
(Heckmann Ecohouse}

reed
insufation

board /I\i\\\\‘

tmber

" clay
- render

<

50-100 ‘
115-36

(19

Balloon frame with
lightweight clay blocks

render

plasterboard
.27

\ 0.392 0.238
W/im?-K)
Timber unit wail