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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
length, 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
sports facilities; 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, 26 cm, 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.
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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 room.
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 all of these
basic investigations, thereby enabling them to devote
themselves to the important creative aspects of the task.




UNITS AND SYMBOLS
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! basic unit definition Sl units in symbol name (unit) meaning and relationships
- unit symbol based on the definition
-l ! ampere (A) current
- 1length metre m wavelength of v volt (V) potential difference: 1V = 1 W/A
a krypton radiation
- R ohm (Q) resistance: 1 Q =1 V/A
2 2 mass kilogram kg international Q coulomb (C) charge: 1C = 1 As
a prototype
P watt (W) power
o 3 time second s duration pe(;ﬁo? of G siemens (S) conductance: 1S = 1/Q
s adiation .
. caesium radiati F farad (F) capacitance: 1 F = 1 As/V
: 4 electrictal ampere A te)le‘ctrodylnamic pgwe‘r kg, m, s H henry (H) inductance: 1 H = 1 Vs/A
= curren etween two conductors > weber (Wb) magnetic flux: 1 Wb = 1 Vs
L) 5 temperature kelvin K triple point of water B tesla (T) magnetic flux density: 1 T = 1 Wb/m?
= 6 luminous candela cd radiation from freezing kg, s
‘ intensity platinum
= . @ Symbols and units: electromagnetism
ﬂ 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 System became valid using
Sl Units (SI = Systeme Internationale d’Unités). q (J) quantity of heat
(also measured in kilowatt hours (kWh))
A (W/mK) thermal conductivity (k-value)
prefixes and their abbreviations are: » (W/mK) equivalent thermal conductivity
T (tera) =10 (billion} ¢  (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) =106  (million) w (micro) =10 (millionth) k (W/m2K) coefficient of heat penetration
. Cans 109 .
k  (kilo) =10  (thousand) n  (nano) =10 (US billionth) 1A (M2K/W) value of thermal insulation
h hect. =100 i = 12 i
{hecto) 0 P (pico) 10 {billionth) a (m2K/W) heat transfer resistance (R-value)
da (deca) =10 f (femto) =105 (US trillionth) X .
1/k (m2K/W) heat penetration resistance
d  (deci) =110 (tenth) a (atto) =10""8 (trillionth)
D’ (mM2K/W cm) coefficient of heat resistance
no more than one prefix can be used at the same time c (Wh/kgK) specific heat value
S (Wh/m3K) coefficient of heat storage
@ Decimal multipliers B (1/K) coefficient of linear expansion
P (Pa) pressure
area Tmx1m=1m2 P, (Pa) vapour pressure
velocity Tmx1s’=1ms'=1m/s 9o (9) Qquantity of steam
acceleration Tmx1s2=1ms?2=1m/s? 9 (9 quantity of condensed water
v (%) relative atmospheric humidity
force Tkgx1mx1s2=1kgms2=1kgm/s?
[ (=) coefficient of diffusion resistance
densit 1k 1 3=1kgm 3 = 1 kg/m3 .
sty gxim 9 9/ wd {cm) equivalent atmospheric layer thickness
Ao (g/m2hPa) coefficient of water vapour penetration
@ Examples of deriving Sl units 1A, (m2hPa/g) resistance to water vapour penetration
A (W/mK) layer factor
HA (W/mK) layer factor of atmospheric strata
quantity unit dimensions relationships P (£,$/kWh) heating cost
(symbol) (M = mass,
L = length,
T = time) R
@ 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-1 LT - f (Hz) frequency
acceleration a ms 2 LT 2 - far {Hz) limiting frequency
momentum p kgms ! MLT 1 - f, (Hz) frequency resonance
moment of inertia ,J  kgm? ML2 _ Eqva (N/cm?) dynamic modulus of elasticity
. 3 -
angular momentum L kgm?s 1 ML2T ! - s (Niem3) dynamic stiffness
force 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 m (dB) a9 Y Y
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 L, (dB) impact noise level standard
pressure, stress p, ¢ pascal (Pa) ML T 2 1Pa=1N/m2 a {-) degree of sound absorption
1 bar = 105 Pa A (m2) equivalent noise absorption area
surface tension y Nm 1 ML 1T-2 - r (m) radius of reverberation
viscosity 1 kgm s 1 ML-1T 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 fradian rad 1rad = 57.296 =63.662 gon
angle perigon pla 1pla = 2nrad
right angle L 1t = 1/4 pla = (1/2) rad
degree old degrees 1 = 1990 = 1 pla/360 = (r/180) rad
minute 1=1/60
second 17=1760 = 1/3600
gon gon new degrees g 1gon=1g=1100 = 1 pla/d00
= /200 rad
new minute a 1¢=102gon
new second cc 1cc=102)c=10"%gon
length ! metre m micron um inch in 1in=25.4mm
millimetre mm foot ft 1ft=30.48cm
centimetre cm fathom fathom 1 fathom = 1.8288 m
decimetre dm mile mil 1 mil = 1.609 km
kilometre km nautical mile sm 1sm = 1.852 km
area A square m?
cross metre square foot (= 0.092m?2);
section acre (0.405 ha) still in use
of land are a 1a=102m
plots hectare ha 1ha=10*m
volume v cubic metre m?
litre | 1=1dm3=103m3
normal normal cubic metre Nm: 1Nm3 = 1 m3in norm condition
volume cubic metre cbm cbm = 1m?
time, t second s
time span, minute min 1min = 60s
duration hour h 1h = 60min = 3600s
day d 1d = 24h = 86400s
year a,y 1a =1y =8765.8h=3.1557«10"s
frequency f hertz Hz 1Hz = /s for expressing
reciprocal frequencies in dimensional equations
of duration
angular (n reciprocal s w=2~f
frequency second
angular w radians per rad/s w=2xn
velocity second
no. of revs, n reciprocal s
speed of second revs per second /s revs per second rps. Vs=ts=r/s
revolutions revs per minute r/min revs per minute rp.m
velocity v metres per m/fs kilometres km/h 1m/s = 3.6 km/h
second per hour knots kn 1kn = 1sm/h = 1.852 km/h
acceleration g metres per m/s?
due to second per gal gal 1gal=1cm/s? =102 m/s?
gravity second
mass m kilogram kg
weight (as a gram g 19=103kg
result of tonne t 11=1Mg=103kg
weighing pound Ib 11b = 0.45359237 kg
metric pound 1 metric pound = 0.5 kg
ton ton 1ton =22401b = 1016 kg
force F newton N 1N =1kgm/s2 = 1 Ws/m = 1 J/m
thrust G dyn dyn 1dyn=1gcmjs?=10+N
pond p 1p=9.80665~ 103N
kilopond kp
megapond Mp
kilogram force kg/f
tonne force uf
stress o newtons N/m: newtons N/mm:
strength per square per square kiloponds per kp/cm?2 1 kp/cm? = 0.0980665 N/mm?
260y bet 2dngie bet adnsie Kiobouge bet Kbicusg 1 Kbicws = 0'0380€e2 MWWy
suess G 1HER(011S Nt 11eN0118 N
strength per square per square kiloponds per kp/cm? 1 kp/em? = 0.0980665 N/mm?2
metre millimetre square cm/mm kp/mm? 1 kp/mm? = 9.80665 N/mm?2
energy W.E |joule J 1J=1Nm=1Ws=10erg
kilowatt hour kWh 1kWh =36 106J =36 MJ
h.p. per hour h.p./h 1h.p./h=264780 < 106 J
erg erg lerg=10"7J
quantity of Q joule J calorie cal 1cal=4.1868 J = 1.163 « 10 3Wh
heat
torque M newton metre| Nm kilopond metre kpm 1 kpm = 3.80665 J
bending M, or joule J
moment
power P watt w 1TW=1Js=1Nm/s =1kg m%s3
energy
current horsepower h.p. 1hp. =7457 kW
thermodynamic| T kelvin K deg. kelvin K
temperature deg. Rankine R, Rk R=59K
Celsius temp. &} degrees Celsius C 8=T-T (T, =273.15K)
temperature AT or K B = AT, therefore
interval and [EAY 1K=1C=1deg.
differential
Fahrenheit o, deg. Fahrenheit F =956+ 32 =95 T-459.67
temperature
Reaumur temp. | 8, deg. Réaumur R Be=450,1R5%C

@ Sl and statutory units for the construction industry

Mathematical symbols
> greater than

> greater than or equal to
< smaller than

< smaller than or equal to
b3 sum of

V4 angle

sin  sine

cos cosine

tan tangent

cotan cotangent

2 on average

= equals

= identically equal
# not equals

= roughly equals, about

. congruent

~ asymptotically equal
(similar) to
infinity
parallel

equal and parallel

not identically equal to

X # w3

multiplied by

/ divided by
perpendicular

\ volume, content

) solid angle

N root of

A final increment
= congruent

A triangle

1t same direction, parallel

opposite direction, parallel

Greek alphabet
Ao (a)alpha

BB (b) beta

'y (g)gamma
Ad (d) delta

Ee¢ (e) epsilon
7§ (z) zeta

Hn (e)eta

©6 (th) theta
It (i) iota

1! (1) 1018

It (i) iota

Kk (k) kappa
A X (l) lambda
Mu (m)mu
Nv (n)nu

=& (X)) xi

0o (o) omicron
Mn (p)pi

Pp (r)rho

Yo (s)sigma
Tt (t)tau

Yv (u) upsilon
® ¢ (ph) phi

= (ch) chi
Yy (ps) psi
Qo (o) omega
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DOCUMENTATION AND DRAWINGS

x LT The format of documentation (whether in the form of
- plans, reports, letters, envelopes etc.) has, apart from in the
y/2 . USA, generally been standardised to conform to the
—x/2 — internationally accepted (ISO) series of paper sheet sizes in
""""" oY Py the ‘A’, ‘B, ‘C’ and ‘D’ ranges. These standard paper
T ’ /> formats are derived from a rectangular sheet with an area

y/2

oy 1Y of 1m2. Using the ‘golden square’, the lengths of the sides

ij are chosen as x = 0.841m and y = 1.189m such that:

— 1 xXXy=1

Xy = 112
This forms the basis for the A series. Maintaining the same
@ @ . ratio of length to width, the sheet sizes are worked out by
- Basis of paper formats . . N

progressively halving (or, the other way round, doubling)

|
J
|
1

0
-
g
wl
-
e
2
o
Q@
2
-
=
@
=
<
=
a

the sheet area, as would happen if the rectangular sheet
format A series B series C series .
was repeatedly folded exactly in half » 1) - Q).
0 8411189 1000 ~ 1414 917 x 1297 Additional ranges (B, C, and D) are provided for the
1 594 x 841 707 = 1000 648 x 917 associated products that require larger paper sizes, i.e.
2 420 x 594 500 « 707 458 648 posters, envelopes, loose-leaf file binders, folders etc. The
3 297 » 420 353~ 500 324 - 458 formats of range B.are designed for posters and wal.l—
; charts. The formats in ranges C and D are the geometric
4 210 x 297 250 x 353 229 x 324 . .
- : - mean dimensions of ranges A and B and are used to
5 148~ 210 176 x 250 162 x 229 manufacture the envelopes and folders to take the A sizes.
6 105 x 148 125 % 176 114 % 162 - @ The extra size needed for loose-leaf binders, folders
7 74 105 88 « 125 81« 141 and box files will depend on the size and type of clamping
8 52~ 74 62 ~ 88 57 x 81 device em'ployed.. i
The strip or side margin formats are formed by halves,
S 3782 44 - 62 quarters, and eighths of the main formats (for envelopes,
10 2637 31 <44 signs, drawings etc.) - ® + §).
1 18 % 26 22+ 31 Pads and duplicate books using carbonless paper also
12 13«18 15 % 22 have standard formats but may have a perforated edge or
border, which means the resulting pages will be a
@ Sheet sizes c_orrespondmg amount smaller than the standard sheet
size - ®.
During book-binding, a further trim is usually necessary,
format abbre- | mm Lo
viation giving pages somewhat smaller than the standard format

/\ size. However, commercial printers use paper supplied in
half length A4 1/2 A4 [ 105 x 297 . .

/\4 the RA or SRA sizes and this has an allowance for
quarter length A4 | 1/4 A4 | 52« 297 /\‘ trimming, which allows the final page sizes to match the
one eighth A7 178A7 | 9105 standard formats.
half length C4 172C4 | 114 324 /\
etc.

T T —

@ Strip formats

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

‘J

A

@ Format strips in A4

— 210 —_—
- | i +— layout width header area
@ Loose-leaf binder Yy X —lT " picas mm
81 dks type area width 39.5 40.5 167 171
I type width, =3 type area, height (without header/footer) 58.5 59 247 250
double 2
column ] space between columns 1 5
o
S
= § max. width, single column 395 167
L max. width, double column 19 81
(=4
> = inside (gutter) margin, nominal 16 14
£ type width, 1 g
5 single c;)lumn € outer (side) margin, nominal 27 25
E b
o @ top (head) margin, nominal 20 19
T - -
footer area J bottom (foot) margin, nominal 30 28
!

@ Bound and trimmed books

®
&

@ Layouts and type area with A4 standard format



0t=- writing box

==
(6) 150 size A5

uncut drawing sheet,
depending on requirement,
is 2-3cm wider than
final trimmed original
drawing and print
412
box for written
details and
parts list
a
T
@ Standard drawing
sheet sizes in acc 1ISO A0 1SO A1 1ISO A2 ISO A3 ISO A4 ISO A5
with ISO A series
uncut blank 880-1230 | 625-880 | 450x625 | 330450 | 240x330 | 165x240
paper (mm)
format trimmed, 841-1189 | 594841 | 420x594 | 297~420 |210x297 | 148x210
finished sheet (mm)
@ Sheet sizes
—A
I T ¥ T ¥ 1T % T ¥vT1 771 ¥
{ 4]
0 uncut format H
l H cutting line on drawing H
l k! cut print kel
o . i ]
Poo | i g
| b o ~ |
E F cut-out ISO A2, A1, A0
I \ . ! writing box |

cut-out ISO A3
C

l K

cut-out ISO A4

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 A0O-A3 10mm

for formats A4-A6 5mm
For small drawings, a filing margin of up to 256 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, 900 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 900 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, AO fold 7). Any longer standard formats can be
folded in a similar way.

(5) The resulting strip should be foided 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.

divisions no. of identical fields by sheet size
| for A0 A2 A3 A4
20} Writing box a 16 12 8 8 4 1ISO A0
1 b 12 8 6 6 4 ~fos}~
PR — N A T T T
3! P | | | !
@ ISO size A4 @ Field divisions (grid squares) ISO A1 A | | |
hos> S S S S
1SO A2 AT S A E— 7 T T T T 1
A R TR |
o SO R SRR NN
1SO A3 5 s ! ] L s | [
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DOCUMENTATION AND DRAWINGS

(7]
w
z Arrangement
= Leave a 5cm wide blank strip down the left-
e hand edge of the sheet for binding or
= stapling. The writing box on the extreme
o d i . ... right - (@ should contain the following
“ | SO————— | south elevation east elevation north elevation west elevation details:
E section (1) type of drawing (sketch, preliminary
; ‘ design, design etc.)
T] ] (2) type of view or the part of the
= P building illustrated (layout drawing,
= plan view, section, elevation, etc.)
a l _ I ‘ gardon (3) scale

basement ground floor upper floor layout writing (4) dimensions, if necessary.

box

On drawings used for statutory approvals
(and those used by supervisors during

construction) it might also contain:
] (1) the client’s name (and signature)
- 25 (2) the building supervisor's name (and
1 signature)
foundations layout of joists roof truss layout site plan (3) the main contractor’s signature
] (4) the building supervisor's comments
(D suitable arr of a ion drawing about inspection and the building
0 5 0 10 2 20 ‘0 permit (if necessary on the back of
[P | | | | the sheet).
IR AR I I f A north-point must be shown on the
@ Suitable arr of scale detail 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 ( level of the ground floor (FFL: zero height +0.00).

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

+269 275 Section lines in plan views are drawn in chain dot lines and are labelled with

AV 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 » @ + (?) 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
they must be printed in the same direction as the dimension lines.

+2.69

in ground plans

storey height

@ ——— 6250 —— ——
13 + 000
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@ Sketching: construction
engineering grid
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folding over prevents

cone shape: tearing
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CONSTRUCTION DRAWINGS

guided by little finger
on the edge

(13) Drawing aids

Aid for hatching

Correct way of holding a
pencil

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 simpler
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 a 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 —» (2). 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 —» (®) 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 - (2. 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 —(8), 45° set squares with
millimetre and degree divisions,
drawing aids for curves — (0,
and French curves - @J).
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Erasers, eraser template,
eraser blades, etc.

Wl

sharpening with
a scalpel

Keep lead sharp
by turning

Self-adhesive or Letraset
lettering

Three-armed drawing

instrument

@ Isometry

@ Lettering stencils

ABCDEE _____

ABcoETQHIS

Lettering sizes measured in

points

@ Circular drawing board for
perspective drawing

angle of vision

-
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/ .
X, ')
v ,/
7
7

Utd pomt of

\‘Z‘g’/{/ sight
Perspective method
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@ Typewriter for lettering

Underlay for perspective
drawing

edge of drawing board

=
.

73

- height of eye

b wo-
[D

Reilesch’s perspective
apparatus

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 factor 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 to 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
S

Write  text preferably
without aids. On technical
drawings use lettering stencils,
writing either with drafting
pens or using a stipple brush

. Transfer lettering
(Letraset etc.) is also
commonly used. The

international standard for
lettering 1SO 3098/1.

To make the designer's
intentions clear, diagrams
should be drawn to con-
vincingly portray the finished
building. Isometry can be
used to replace a bird's eye
view if drawn to the scale of
=1:500 . 13 and perspective
grids at standard angles are
suitable for showing internal
views . 6.

Perspective grid



CONSTRUCTION DRAWINGS

i 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 -
11 1:20 1:100 written notes box (e.g. 1:50 cm). In the -
1:5 1:25 1:200 UK, dimensions are given only either in a
1:10 1:50 metres or millimetres so no indication of -
units is required. Where metres are used a
line 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 all ambiguity. o
(heavy) a
—— -
1 2 3 4 -
solid line visible edges of components; boundaries of narrow 0.5 0.35 0.35 unit dimensions ‘
(medium) or smaller areas of building parts in section under 1m over 1m Q
eg. e.g. ‘
solid line dimension guide lines; dimension lines; grid lines 0.25 0.25 0.25 1 m 005]024 1088 376 ‘
(fine) 2 cm 5 |24 [s85] 376 =
- . . . 3 mcem | 5 |24 |88 3.76 ﬂ
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
(medium) @ Units of measurement
- = tiles
chain dot line indication of section planes 1.0 0.7 0.5 ——— -~ -——— mortar
(heavy) ———— screed
o — a— damp-proof membrane
insulation
tructural flo
chain dot line axes 0.35 0.35 035 [ Structura’ Toor
{medium)
dotted line™ parts lying behind the observer 0.35 0.35 0.35
(fine) AN LN S,
0
....................... W 5
“ dashed line - - — - - - dashes longer than the distance between them
dotted line ............... dots (or dashes) shorter than the distance between them @ e .
*10.35 mm if reduction from 1:50 to 1:100 is necessary Indication lines to notes
. . X X X . ! o ——————————dimension figure
note: for plotter drawings using electronic data processing equipment and drawings destined for microfilm, other combinations of i _ dimension line
line widths may be necessary |
| [ ——extension line
‘ _——dimension arrow
@ Types and thicknesses of lines to be used in construction drawings - 3.76 — 1
- ]
| ! o4 i
. 53 ) @ Desi ion for di ioning
8 - <
1l :
LU
3 =1 | .
<
625 w |
Tl
24| g5 1S 4pp 4l
24 3E
+---236.5- —4375-— w
+ - - -674- - t <&
<
@ Dimensions given around the drawing s | t-——-——-r----1----- -®
(drawn at 1:100cm; units = cm) o : 1
|
. |
© ™ ! 1
T 15 b i i
w 4424 1885 : 426 24 | |
- < o 1
© ) |
T I )| 1 \ |
o | ! c2
2 I I
8 ! |
— 2]
24 151 1135 1135 l !
4 —_ gty — — |
266 61.51&625 138.5 61.5 1385 86.5 - , :
236 — 4375 |
674 \ [
@ Dimensions of piers and apertures < [ |
(drawn at 1:50cm; units = cm) - 'l |
5] . |
8 : '
0,02, ! !
T 3 I T gg: S H | I
| |
,‘ @ 020B | ! N .
o v
000 _
4}1 i | axis o1 02 o1 1 2 3 4
+ b + -
3% L bt 3 P L 3w field 0c ob 0a a b c
- =No - ) o
o aan N < <« o ©o©o |2 0b1 0Ob2 b, b,
E= ©
Dimensions given by coo_rdmates 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 31/2" 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.

VDU (screen)

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 place. 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
latest 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

pen plotter laser printer

@ CAD workstation: examples of hardware elements

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 stylus 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

ECSC MegaProject 5 d ation building at Oxford Brookes
University, d d using d CAD software
(courtesy of British Steel Strip Products)

CONSTRUCTION DRAWINGS: CAD

graphic diagrams up to A3 size. Colour prints are also 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.

Plotters: 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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Living room

]
O

I

BCU

Cloakroom

@

©

® ® ®@ O

® ©

@ @0

®@ ®

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

Bedroom

]
]

Bathroom

QBEB

@
@G

baby’s changing unit 80/90

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
70 x 1.30 x 78
80 x 1.50 x 78

flower stands

]EJ@@ @U!Gl

Kitchen

g

CONSTRUCTION DRAWINGS: SYMBOLS

@

® ®

®e® @@ ® ®® ® ® ® 6

® ® & @

bed 95 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 % 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

60 x 120, 60 x 140

built-in wash-basin
45 x 30

toilet
38 x70

urinal bowl!
35/30

bidet
38 x 60

row of urinals

single sink
and drainer
60 x 100

twin sinks,
single drainer
60 x 150

stepped sinks

kitchen waste sink

(2] B [N X

Other symbols

X

[ @m—]
[em—]

® @® ®

® ® @

®@ ® ® ® ® ©

®

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

oil fired boiler

refuse chute

laundry chute

ventilation and
extraction shaft

GL= goods lift

PL = passenger lift
FL = food lift

HL = hydraulic lift
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Doors

-
Windows set in reveals Windows without reveals =
-

did w v
Bje 58 88 -
s
without b |
| with __ e
window niche e T e s e ‘
Window frame set in Window frame set in external @ Window set on nib Wlnd?w fn‘lme set in =
internal reveal reveal P g without r I :
]
-
3
2

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

Double-leaf swing door

@ Pivoting door Pivoting door

I—D

@ Rising butt single-leaf door Sliding door @ Double sliding door jlid'ing 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

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.

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 +0.00 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

13
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monochrome coloured
display display to be used for
UHIsMRL™"= | light green grass

2¢3¢ )

éﬁ’iﬁ%&& sepia ground peat

burnt sienna

natural ground

KRAA

CONSTRUCTION DRAWINGS: SYMBOLS

sealing membrane (damp course)

vapour barrier

separating/polystyrene foil

oil paper

waterproofing membrane with fabric inlay

waterproofing membrane with metal foil
inlay

intermediate layer spot glued

fully glued layer

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

@ Symbols and colours in plan views and sections

black/white infilled earth
red brown brick walling with lime mortar
_ 9 [ [T
red brown brick walling with cement mortar
72
W% red brown brick walling with lime cement mortar
7.
// red brown porous brick walling with cement mortar
4
% red brown hollow pot brick walling with lime cement mortar
red brown clinker block walling with cement mortar Wﬂ
red brown calcium-silicate brick walling with lime mortar
red brown alluvial stone walling with lime mortar Hl“H“I““H””IH”II“
red brown walling of . . . stone with . . . mortar O 0O O Q (o) O
red brown natural stone walling with cement mortar
SW
sepia gravel
grey/black slag
zinc yellow sand 00000000000000000
ochre floor screed
white render
roof and drainage layers
Y000 0004740 H
;?2’/7//’,’:’%%322;/’/ blue green reinforced concrete
;’2/5///:,,’/,,';;;/,:,,1 olive green non-reinforced concrete ,\;\//_\_//\//\/ ~—_
/‘ 7
~
I black steel in a section
- N—r N~— N—
~— ~— ~— ~—
v
7 brown wood in section
mmm blue grey sound insulation layer
- . —_——
o————me— | black barrier against damp, heat or cold
SR | ond white

S T T TR
\AASAORR S UBARIA R A8 BA L KBS

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



MAN: THE UNIVERSAL STANDARD

e
=
<
E % £
3T 2 z
p
e 5]
1
7 € |
/ JI§
: 3
1 £ 1 x
)
D=
z
J < < <
. ] )
\OA N =
v
o , | 2
_____ I SRS <
[ ] ‘\
t‘. \\ £ by
...... = .‘Li._.-_ -j\:‘:::- J <
TR 1=
N J e
(R AY [ N1 o h
>y'a =< ' / 13
z geometrical division of = ___::s\.\:_-:‘- 2 <
length a by employing P < €<—<
the golden section S/ \\ \\
a \ \\\ 5
L -\ '
\\\ €
R N PN/ 0 pd —<
E : ryy
A b Z j
Ll 3 £EJJJ

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
BC. 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

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

/6 h = length of foot

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

110 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 ankle) 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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DIMENSIONS AND SPACE

MAN

Gei

REQUIREMENTS
Body measurements

In accordance with normal measurements and energy

consumption
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MAN: DIMENSIONS AND SPACE
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MAN: SMALL SPACES
DIMENSIONS FOR RAILWAY CARRIAGES

old and new rolling
stock as an example
of minimum space
requirements for
passenger transport

100 +47 +

= 154 -+ - 1.62 - '
Local passenger train carriage, 68 seats, 0.45m per seat; overall length 19.66m, compartment carriage cocti
: length 12.75m; luggage van length 12.62m, step height 28-30 cm cross-section through (1)
plan view
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48 seats; overall length 20.42m, luggage van 18.38m -~ first class - 197 — - 2.10 —
Intercity express carriage, second class first class
plan view 11?3??&3?3’02? om per seat longitudinal section through (2)

door width 60-70cm
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21°C average temperature oo 21
23% average relative humidity

about 0.02m3/h oxygen

40g/h water vapour

0.0167m3/h

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), well 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 - M- Q®).

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 11/2 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 >2.5m, 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°and 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.

°C average temperature
"™ 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).

e .4°C average temperatu
81% average relative humidity

about 0.03m3/h oxygen

tolerable for | tolerable for [immediately
several hours upto 1h dangerous
(%0) (%0) (%0)

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 20
carbon disulphide - 1.56% 10.0*
carbon dioxide 10 80 300
*mg per litre

@ Harmful lation of rial 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
aroom

@ Human expenditure of energy

g/m3

25

20

8
o~
$/1
e
Sy
"G
k@

water vapour
&

temperature

@ Room humidity

0.043m3/h carbon dioxide

15kN/m average
hourly 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 59.09
42 56.25
41 53.52
40 50.91
39 48.40
38 46.00
37 43.71
36 41.51
35 39.41
34 37.40
33 35.48
32 33.64
31 31.89
30 30.21
29 28.62
28 27.09
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 6.39
3 5.98
2 5.60
+ 1 523
0 4.89
-1 4.55
2 4.22
3 3.92
4 3.64
5 3.37
6 3.13
7 2.90
8 2.69
9 2.49
10 2.31
11 2.14
12 1.98
13 1.83
14 1.70
15 1.58
16 1.46
17 1.35
18 1.25
19 1.15
20 1.06
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) :: 28 comfortable 28° %
relative humidity X o
ambient surface temperature = b 18° >
air temperature 3 b \\“ ‘1-'""! -
atmospheric charge T -
air composition and pressure s I 379 25° %
room occupancy 2 F Ja
optical/acoustic influences -

clothing

physiological conditions & o
sex % uncomfortable 17
age "
ethnic influences 20
food intake
level of activity
adaptation and acclimatisation
natural body rhythms
state of health
psycho-sociological factors

unheated wall
<

Factors that affect
thermal comfort

®

Heated walls

< 30°C r T T =T 100 T T T 1
[ uncomfortably humid
g 28 g 90

g 2 FIN N £ 80

£ N NCe z Y

z 24 Tactording h 5 70

2 2 to Roedler g 60

£ \ 2 | \ L\
a o \ \comfortable

c 18 e £ 40 .Y

: g

o £ - =

g 16 e 30 still comfortable
X 14 — E 20

@

s 12 “+ 2 10

>

® 10

0
12 14 16 18 20 22 24 26 28
room air temperature t, (°C)

@ Field of comfort

12 14 16 18 20 22 24 26 28°C
room air temperature t,

@ Field of comfort

™ // # the heat centre controts
— . N ] 1 heat transport along
°® )] blood stream
€ 2 perspiration section
= 4 )] For cooli lung
= :] 3 muscular shivering convection
I3} )] produces heat
g - : radiation of warmth
S uncomfortable e cold room
S pmieran K
o comfortable room
: B
5 2 < U H
B 23 sun. stove - > 2
€ S 92 < evaporation, e
5] 2 es  <Zwomon_ <
S g S H 06 warm - H
clomf?rlal?le/ 3 =g Sy 2
c
LT 2] s :
o 2z
o ]
z g 3
8< <

muscles

12 14 16 18 20 22 24 26 28°C
room air temperature t,

@ Field of comfort

AT
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@ Field of comfort

water content of the air | suitability for breathing sensation

(g/kg)

0to5 very good light, fresh

5t08 good normal

8to 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 pulmonary alveoli

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.

absolute water relative temperature description
content (g/kg) humidity (%) (°C)
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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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, particularly 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 half-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 300 m 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 -» (8) 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 could 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 plans (honeycomb) are also praised.
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Arrangement of atoms:
metal in solid phase
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metal in gaseous phase
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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 - (). 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 overlaps
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
ultra-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.



surface cable

thermostat

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;

>3SU, more colds, rheumatism, bladder disorders etc.; >6SU,
powerful disturbances, with effects dependent on constitution

'
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100 lF\negative ;"4 ‘5 Mean annual concentration
J' \ : | of convertible negative and
; A \ positive ions on days with
600 ' 4 derate rainfall in the
of Philadelphia depending on
i \ the time of day (according
bo4q pto R. Endros)
500 Y
400 -

1-6 transformer station and
distribution cables house

9-10 double beds
11 child’s bed
house
the illness
14 north-south axis of the . IS e

12 small child’s bed
13 small child’s bed before
¢ |
disturbance area 0 0 20

schematic

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 dwelling, 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 —» (1. In another 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 - @.
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,
rooms; 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 value; derived from Suhr, the home
town of Schroder-Speck)
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from a
distance
the black
circle
looks
about 30%
smaller
than the
white
circle

@ Black areas and objects

appear smaller than those
of the same size which are
white: the same applies to
parts of buildings

@ Although both are equal

in diameter, circle A looks
larger when surrounded by
circles that have a
smaller relative size

same size

same effect

1z

To make black and white
areas look equal in size,
the latter must be drawn
smaller

Two identical people seem
different in height if the
rules of perspective are
not observed

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

Dynamic effect

i

@ Static effect
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THE EYE: PERCEPTION
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These vertical rules are
actually parallel but appear
to converge because of
the oblique hatching

a b

SN 2 b
/7 N\
& L] AN
< 7
A E D
8 F C

Lengths a and b are equal,
as are A-F and F-D, but
arrowheads and dissimil
surrounds make them
appear different

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

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
articulation (i.e. vertical, horizontal or mixed — @);

;

Q

] | =
Z,‘r '
I

AL.............. LT

The p

®-
and narrow;
room, or the table bel

, doors and furnishings
@3 long

can give a room different spatial appearances:
seems shorter with the bed across the

the window; (7) with wind

opposite the door and appropriate furniture, the room
seems more wide than deep

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

A structure can appear
taller if viewed from above;
there is a greater feeling of
certainty when looking up

glazing bars can contribute substantially to this

numbers given in
modules (units)

The walls slanting suitably
inward seem vertical; steps,
cornices and friezes when
bowed correctly upwards
look horizontal



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

b— 30 —

In higher rooms, the eyes
must scan upwards (i.e. scan
picture)

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

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

downwards outstretched hand)
15— . .
~
~
human 8.50M
— - ‘}}
Y printed text ——-- 2.50
\ 17-34cm o ,L
Y A o~ B
L
height necessary for
70 same effect at a
jewellery distance of 8.50m
<30cm
plain fu

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 li g the di at which object:
and shapes can be distinguished accurately — (6
w = 1 part
»
h - 5 parts Pa.)

only applicable with
good illumination;

otherwise 11/2 to
twice the size

w > Extan 0°1 = E + 3450
E <3450 xw

—

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

— 1h —
finer details
2h
general appearance
+ 3h —

total overview of surrounding area

e Street widths play an
important role in the level
of detail which is perceived
from ground level

14°2° 0.59cm

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. It 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 @9. Vertical
edges have the effect of overhanging at the top and
horizontal ones of curving up in the middle - p. 24 @ - @),
. 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 - () 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° - (7), 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

green
Goethe’s natural colour circle:
red-blue-yellow triangle are
basic colours (from which all
colours can be mixed); green-

olet tri le <h
g ttr

colour mixtures of the first
rank
red
purple orange
violet yellow
blue greeny
yellow
green

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

Long rooms seem shorter
if end cross walls stand
out heavily

Brightness of surfaces

yellow
and red
(orange)

violet

active

passive
Bright and dark colours and
their effect on humans

carmine

purple bright red

violet orange
red

blue

ultra-

. reen
marine 9 Y

yellow
cyan
blue bluey

green

green

The colour circle’s twelve
segments

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

e White as a dominant colour,
e.g. in laboratories, factories
etc.

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 - (& - (7. It also works
directly through the physical reactions or impulses evoked
by the individual colours - ) and (3. The strongest impulse
effect comes from orange; then follow yellow, red, green,
and purple. The weakest impulse effect comes from blue,
greeny blue 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 - (8.

N Ny

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 absolute black (0%)

white paper 84
chalky white 80
citron yellow 70
ivory approx. 70
cream approx. 70
gold yellow, pure 60
straw yellow 60
light ochre approx. 60
pure chrome yellow 50

pure orange 25-30

light brown approx. 25
pure beige approx. 25
mid brown approx. 15
salmon pink approx. 40
full scarlet 16
carmine 10
deep violet approx. 5
light blue 40-50
deep sky blue 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



fourth 3/4
octave 1/2 third 4/5
sixth 3/5 1
LY
|
5 1I 5
2—[—3 5 g
5 l 5
fifth 2/3 .I,

prime 1/1
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@ all interval proportions and
excludes the disharmonious
second and seventh

@ Pythagoras’s triangle

o a|b |c [P m (x|y
36°87'| 3| 4| 553131 [1]2
22062'| 5[12{13 |67°38'[1 [2]3
16°26'| 7 (24|25 |73°74’|1 |34
28°07'| 8|15|17 |61°93'(0.5[3 |5
12°68'| 9|40 (41 |77°32’|1 |45
18°92' |12 (35|37 [ 71°08'| 0.5 |5 |7 s 3
43°60' |20 |21 29 | 46°40'| 05 (3 |7
31°89' |28 |45 |53 [ 58°11' [ 0.5 |5 |9
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Some ical relati hip @ Example
from Pythagoras’'s equations = P

@ Square

bisection of the radius . B;
arc at B with AB A C
A-C \ side of a pentagon

@ Pentagon

—M—t—m—

——z——+—3—

@ Pentagon and golden section @ Decagon and the golden
section

DIMENSIONAL RELATIONSHIPS

Basis

There have been agreements on the dimensioning of
buildings since early times. Essential specific data
originated in the time of Pythagoras. He started from the
basis that the numerical proportions found in acoustics
must also be optically harmonious. From this, Pythagoras
developed his right-angled triangle - (1. It contains all the
harmonious interval proportions, but excludes both the
disharmonious intervals (i.e. the second and seventh).

Space measurements are csupposed to have been
derived from these numerical proportions. Pythagoras or
diophantine equations resulted in groups of numerals - @
- @ that should be used for the width, height and length of
rooms. These groups can be calculated using the formula
a2 + b2 =c2.

aZ+ b2 =c2

a=miyZ-x?)

b=me+2ex-y

c = m(y? + x2)

In this x and y are all whole numbers, x is smaller than vy,
and m is the magnification or reduction factor.

The geometric shapes named by Plato and Vitruvius are
also of critical importance (i.e. circle, triangle - (6 and square
- (® from which polygonal traverses can be constructed).
The respective bisection then results in further polygonal
traverses. Other polygonal traverses (e.g. heptagon - (@,
nonagon - (0) 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 @9, 42 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

@.

straight BC bisects AM at D;
BD is approx. /7 of the circumference
of the circle

) Aper prag

arc of the circle at A with AB results

in point D on AC = ¢y;

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

h=r-cosP
A %:r-sinﬁ

c=2-resinf

_c.
h= 2 cotanf

- @ formula

M lculation in
@ polygonal traverse — p. 28
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n/4 triangle
(according to A. V. Drach)

Squares developed from the
octagon - (2) —

~— \7 = 2.646
~N V6 = 2.450

N \6 =2236

\v4 = 2.000
(double square)

V3 v3=1732

V3 \2=1414

1 (square)

|

— 1 —

Step ladder of square roots
10

7
10
14
s 7
5
20
28
40
28
Connection between square . . L,
@ roots e The ‘Snail
1 1 1 1
A
V2
1 1 V3 V3 V3
1 1
1 1 1
V3 [v2
Non-r gular co-ordination -
MERO space frames: building °3

on \2 and \3 > pp. 90-91

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:V2. 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 =

\/n=1+ﬂ;1—> .
1+G @

G=V2=1 -
"?T:«fz—"
2-1
1+ S /oy
1+ T+2—1
1+1/+

—-n
+,|
N\

I8

=
N
©

1

1.5, 44— nviw

1.4, 4—— i~
1.41667. ¢—— 3|
1.41379, ¢4—— 3|2

14142857, ¢—— 3|8
14142011

V2 = 1.4142135
' T '
05 2H3/ 15
06 su7 14
0.58333 . .. 12“17 141667 . .
0.58621 . . . 29!41 141379 .
0.5857143 . . . 70{ 99 14142857 . .
0.5857989 . . . 169 § 239 14142010
0.5857865 . . . V2 14142135 . ..

@ Continued fraction \2
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Roman theatre (according to
Vitruvius)

o

Greek theatre (according to
Vitruvius)

newest
cavea
oldest
cavea
orchestra
scenery
storage
side
gangway
retaining
wall

o o AW N

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

to Moessel)
square of the
square base Holy Section
| |

X X y/x (v2 = 1.4142..)
1 1 1

2 3 1.5

5 7 1.4

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

Holy Section, building in
Antica-Ostia

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 V2/2, 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 (0).

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 — 1.
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 (9. Details of the coordination
system and coordination dimensions are given on pp. 34-5.

Plan view of the whole e Floor mosaic in a house at
installation Antica-Ostia

\ K T
"\ . s
AERN

N A Q / e
D 7 H

o MpES IEIENER
4| /,‘- :.j \\\ - '@I@l@l
< 4
—y
D——;%—i

@) sor

treasury buildi @ Guildhouse Riigen in Zurich

Geometric key to Palladio’s
villas

Plan view of the BMW m [o] I coordinati y

4 Ruilding i
A Iding in

for columns made of squares,
each subdivided into six

fagade el 48 angl
developed from a triangle 4@

ation

Munich

®
®
H
-
-
-
=
S
*
<
™
2

Palladio, Villa Pisani at Bagodo

29



30

major

minor

T

Il

|

@ Geometric design of the

golde:

F—m=0382 —+——M=0618

n section

@ Connection between square,

major minor

circle, and triangle

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 relationships
between the square, the circle and the triangle - (2.

The golden section of a line 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
(1.76m - 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 _» (®. 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 double 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.

216
175,

[ 8

108 5 B

(o]
unit A =108
double B=216
Q increase in length of A=C=175
@ reduction in length of B =D =83

—
1 . -4 \ - 2 parts
1 k—‘_ l 2 - 3 parts
2 | 3 I - 5 parts
I T F T T sT 7 - Bpars
[ s 1 [ ] 81 ] - 3parts
LTI T TA T T T T8 [T [T 1] 2 ears
LTIl T T T TR T TTTL]- 3¢ parts
- 55 parts
- 89 parts
= 144 parts
representation of the Lamesch Row from Neufert
‘Bauordnungslehre’
@ c d fr gold
1
G=1+ =
G
1
G=1+ —
141
1+1
1+1
T+
1+1
1.
@ Proportional figure
values expressed in the metric system
red row: re blue row: bl
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 27802.5 278.02
8591.4 85.91 17182.9 171.83
5309.8 53.10 10619.6 106.19
3281.6 32.81 6563.3 65.63
2028.2 20.28 4056.3 40.56
12535 12.53 2506.9 25.07
7747 7.74 1549.4 15.49
478.8 4.79 957.6 9.57
295.9 296 591.8 5.92
182.9 1.83 365.8 3.66
113.0 1.13 226.0 2.26
69.8 0.70 139.7 1.40
432 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 20.4 0.20
6.3 0.06 7.8 0.08
2.4 0.02 4.8 0.04
15 0.01 3.0 0.03
0.9 1.8 0.01
0.6 1.1

ion of the val

to Le Corbusier

and sets of the Le Modulor according

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 = 3.14 and V10 = 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. ... 10...
length [width | area |height [deduct-|volded It
subject uct- fvol deduc | resul
3 (my_ 1m) _[(m2) [{m) Jion (m3]ionim¥ |(m3) remarks
"y 70 so } sao 3s 1wo - 180
e 20
. T
code| no. element size material |type finish colour - remarks
1 *0 m*| floor ok
1a| 28 m | skrting 2/0em m Lok fonthoitesd| w .
2 | s =t wall sockets am fof . 3 2 o Sod Byt
2a| w1 = wall .. . Foulisben else
2b| 28 = frece - "1 e { Lasmnfomebe
3 %0 =¥ ceiling ’ . 1 .
4 1 door 92/200 | Glrdeer W Lopast | mastdder
4a kS architrave 12 em bundd » . .
4b 2 door lining 28 - . . .
4¢ 2 door ironmongery 20uplwereys ——td
ad N lock group , . I . )
5 window 3 /134 Borfaar o_(t-w weasd)
sal 2 curtain rods 93 X ~,~-&
sb ronmongery .
scf $ | closures oy E g Mook | iy
5d window sill e .
o | | e A (b iy | S e
6a pipes _
6b 1 cover 20/30 "
7 ventilator grille i L """u
8 ; lights wel i‘-“'-.-.. Pl werifred
9 5 switches "‘_‘“" ™é "7‘- “"-f By
9a plugs
10 ! public telephone ! ‘ﬂ-n-d' 4‘-—1. :-.“M-
W e Soilite PURFINS ot P
b ve S B
1a bell - . ) ol
12 wash basin (L2 ] L e 4 P - | 2 Porpaend
12a hot/cold . ———
12b taps . .
13 ! built in cupboards | #e11e19e | Kinfew L e g
14 » | other tems: L 6h N

@ A sheet from the room record book

BASIC MEASUREMENT

3‘/5 = 1\0/1 0<:| coupling with decimal and doubling/halving systems ‘IOn
L

X. n / r.]"

wpox | e o = 9

@ sl <t (2) [58] @8> () [5]<@> () [0

<25> (16) <25> (318 L80 | <300~

() [is0] <20 (zs0) [o13] <aio> (50) [mn] <00~ (1m0

mantissas

0 A 2 3 4 5 6 7 .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 = 250 mm
(225mm in UK), in situ concrete wall thickness = 250 mm.)

controlling

(P controlling controlling Q
dimension i, dimension

ﬁ‘_'_'*"ﬁ-’_'—' _E_._

controlhng

controlling

‘dimension

controtling,

dimension

axial lines zone boundaries

@ Horizontal controlling dimension
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preferred series for basic preferred series for preferred series for
construction individual finishing
measurements
a c d e f g h i
25 z 2 B B5 s 2<5 | 4x5 | 5x5
25
5
6/4 7.5
813 10 10 10
122 125
122 15 15
162/3 175
183/a 20 20 20 20
225
25 25 25 25 25 25 25
275
317/a 30 30 30
3373 325
35 35
371 3772 | 375
4123 40 40 40 40
433 | 425
45 45
50 50 50 50 50 50 50 50
52.5
56/a 55 55
581/3 57.5
60 60 60 60
62/2 6212 62.5
65 65
662/3 683/a 67.5
70 70 70
725
75 75 75 75 75 75 75
77.5
8114 80 80 80 80
83'/3 82.5
85 85
8712 872 87.5
9123 90 90 90
933/4 925
95 95
975
100 100 100 100 100 100 100 100 100
@ standoa g
M
=
- 62.5

standard dimensions: 250 x 125 x 62.5mm
nominal dimensions: 240 x 115 x 52mm

BASIC MEASUREMENTS

Individual (mostly small) dimensions are used for details of
basic construction/ finishing (e.g., thickness of joints/ plaster,
dimensions of rebates, wall fixings/tolerances). Basic
structural measurements relate, for example, to masonry
(excluding plaster thicknesses), structural floor thicknesses,
unplastered doors and window openings. Finished
measurements refer to the finished building (e.g. net
measurements of surface finished rooms and openings, net
areas and finished floor levels). For building construction
without joints, nominal dimensions equal the standard
dimensions; with joints, the allowance for the joint is
subtracted: e.g. building brick nominal length = standard
length (250 mm) - thickness of intermediate joint (10mm) =
240mm; nominal thickness of in-situ concrete walls =
standard thickness = 250mm. In accordance with the
standard number and measurement systems, small
dimensions (<25mm), are chosen (in mm) as: 25, 20, 16,12.5,
10, 8, 6.3, 5, 3.2, 2.5, 2, 1.6, 1.25, 1. In many European
countries, even small structural components conform with
the standard building numbering system, e.g. standardised
building bricks. A nominal brick dimension of 240x115mm
reconciles the old non-metric format (250x120mm or
260x130mm with joints) with the new standard
(250x125mm with joints). With the appropriate height, with
joint, of 62.5mm (nominal brick dimension = 52mm), this
gives an aspect ratio of 250x125x62.5 - 4:2:1. - @

Other basic construction component dimensions (e.g.
concrete blocks - p. 63, window and door openings - p.
176-87 and floor levels) are similarly aligned, so these
numerical values reoccur. The UK brickwork dimensions
differ: in the past, large variations in the size of ordinary
fired clay products often led to critical problems when
bonding clay bricks; now, BS 3921: 1895 provides one
standard for dimensioning (- (®): coordinating size
(225x112.5x75mm, including 10mm in each direction for
joints and tolerances), and the relating work size (215 (2
headers plus 1 joint) x 102.5 x 65mm).

@ N I and dard di for | European wall bricks
) 225 ) 225 ) 225 , 225 ) 225 )
t t t t t +
10 10 10 10 10
; 215 H 215 H 215 H 215 H 215 H
w|  wl I ” || H one course of
~oScL stretchers
e el L L L L JC JC 0 0 0 JE F—— semyseet
+ °ox headers
2 I I | | | I
~ ©
+ 2=
e o L JC JC JC JC 0 0 0 JC I ]
~ ©
+ 2
SEEN | I I L o
+ o
R I | |
~ w .
1 4 10 mm: joints
65 mm: actual
75 mm: format
1940259102510 102.510 102.5 10255 0102 510 102. 510 1025 0102 510 102.5 mm: actual Standard dimensions for
t H + H 112.5 mm: format R .
215 mm: actual basic construction (RR) and
(1125 1125 1125 | 1125, 1125 1125 | 1125 1125 1125 225 mm. format nominal dimensions (NM)

@ A wall elevation illustrating brick sizes in the UK
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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 625 mm and the Gefach
as 1.256m, in the metric system. Private construction firms
had adopted a similar system of 1.25m, 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 1.25 = 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 - (2.
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

UL U L

12— 11— 12— 25— om
& * k A &

— % 2ellen —k— 2 ellen —-!l(——— 2 ellen —k— 2 ellen —k— 2 ellen —%——
——f— dfeet e dfeet g 4feet —f— 4 feet —p— 4 feet ——

Old 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, 100.00 m.

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 assemblies in store result in savings in
work, materials, costs and time. The arrangement of the
structural axes brings considerable simplification to
building supervision.

,# 3125 -

S pointed roof for specific
’ areas and purposes

/ |
’ 2.500 —[100%)

roof slope for all plain
tiled roofs

1
0 1875
1

roof slope for slate roofs
and pantiled roofs

1250 -

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 concretessteel
concrete construction

Roof slopes at regular intervals appropriate to specified types of
roof construction
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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 deal 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. - @) - 12

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. -+ (7) -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. -

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 - @)

Floor-to-floor height:
c— 30M =300:19 = 15.8
select 16 steps

step rise:
_ 300 _
h = 6 " 18.75 cm

Overall length:
16.26 = 416cm
select 420 = 42M

] Tread going:
b=419-262cm
42M 16

(assuming joint dimension of 1cm)

Reinforced concrete staircase unit



multiples of the limitation:

multiples of the mult module
12M &M M basic module M

horizontal:

12 M series unlimited
6M and 3 M series 20 fold
1 M series 30 fold

|

vertical:

12 M and 6 M series unlimited

|

3 M series 16 fold
1M series 30 fold

"
il

2)
=)
B
|
>
<
ES

o—2e 3 & T

e +e=nM
e +tey=ng-M
e3+e‘=ns.M

ng M=
(N +ny)- M

ES

n, -

n, -

|

Comp ing e on
the verticals

e

Compensating
measures on the
horizontals

the smallest dimension to be
achieved from which a
continuous sequence
commences, is calculated with
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Modular polygonal traverse
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Construction of a curving
roof edge from regular
polygonal traverses (site plan)

COORDINATE SYSTEM AND
DIMENSIONING

Modular Arrangements in Building Practice

The units for the modular arrangement are M = 100 mm for
the basic module and 3M = 300mm, 6M = 600mm, and
12M = 1200mm, for the multi-modules. The limited
multiples of the preferred numerical series are generated in
this way. The coordinate dimensions — theoretical standard
dimensions - are, ideally, generated from these. These
limitations are the result of functional, constructional and
economic factors. - ()

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.
-®

With the help of calculations with numerical groups (e.g.
Pythagoras) or by factorisation (e.g. continued fractions),
non-rectangular components can also be arranged within a
modular coordinate system. - @ + ®)

By constructing polygonal traverses (e.g. triangular,
rectangular, pentagonal and the halves of the same), the so-
called ‘round’ building structures can be devised. > (7) -
Using modular arrangements, technical areas such as those
for structural engineering, electrotechnology, transport-
ation, which are dependent on each other from a
geometrical and dimensional viewpoint, can be combined.

-®

)

@ Application of rotation about 45° using 12M in the plan view
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triglyphs
(three grooves)

metopes
(interspaces

Original timber uction @ St ion
used as a basis for the developed by the Greeks
design of the Greek temple and based on @

dressed I

Rubble walls need framing
with dressed stones — p. 37

Timber construction
(similar to (1)) still used in
many countries

cut to &

length 33 drainage
(internal)

mitred sill
height 1.0
angled shuttering
as a stiffener

hollow
pot slab

Reinforced concrete building
with supports in external
wall, fronted by outer leaf of

@ Nailed timber frame.
Practical and economical
but without character; best
hidden behind cladding parapet wall supported by
the cantilevered floor

light stone 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

36 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 - (1) and (2)).

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
archi created d on
the square plan of the Hagia
Sophia, using the pendentive.
Construction obscured inside

(i.e. dematerialisation)

TIMBER

@, _earth grown over with grass
- » birch bark

plinth

Block-h in wooded

(19

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

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

19

winter house
‘igloo’

leather thongs

ice for window:
snow blocks ce for dows

’/_A\Y
sleeping
{ area /‘

larder

Similarly, Eskimos build
summer houses of skin-
clad whale ribs with
windows made from seals’
intestines, akin to the

[} ; winter h 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)

In areas short of timber,
buildings used wood posts;
posts have windows between
them and there are braces in
the window breasts

S ...

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

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)

@

masonry plinth

FORM

squinch
arches

The Sassanians in Persia
(6th century ap) 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 wall
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 > @

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

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

e . -

Slender supports give steel-framed construction the lightest
possible appearance > (). However, this form is not
permitted everywhere. Exterior unenclosed supports are
rarely allowed - (2 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 all
directions. Types include: cupola with segments (9, oblong
CABLE STRUCTURES

tenttop.... ... | . i

9 steel cabli) main poles

Cable structures for long spans have been in use since early
times » (3. Circus tents are the best-known lightweight
suspended diaphragm structure — (3. 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 @ Frank Lloyd Wright

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

Architect:

1 Architect:
Oscar Niemeyer

Neufert

2500 —

shell - @0, rhythmically arranged transverse shells - (3, rows
of shells with inclined supports at neutral points - (2.

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 - (®.

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

By 1500: heavy, studded
doors with knocker, and
windows with bars and
bull’s eye panes

@ ao 1000: log cabins had low

doors, high thresholds; no
windows; lit through an
opening in the roof

ROOM CONNECTIONS

—a Aa

—
Tall=5
SEER

|1k

L/

@ In the 1700s, wide double
doors led into suites of
rooms with parquet flooring

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

HOUSES
hill toilet
side
cellar
b :]' ) ams ¢ covered
‘ entrance balcony
! g_a-
Jivi ground first
Ivm?oom floor _J floor P 7,
valley bedroom AL 7k
side

The timber house (ap 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
life; 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 in
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 walkway leads from car to
decorative glazing bars door (wired plate glass),

(also, a bell-pull) which slides open when an
electric eye is activated

NN

sliding partition
vertically sliding window

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

By 1900, sliding doors were
fitted between rooms,

linol flooring, sliding
windows, and draw curtains

WC and
bidet bedrooms
shower kitchen dressing room bath

street side

_£ lilll|lllllll[[] Ill'll'{}
scullery
3 o
AL
servery H H ::or\:ered
WC,and HH 0 00ga errace
washroom H l
T e s . open
dining room iSasasssasssssass: srhan: FHY .2 errace
garden side living room (1T .
tant J Architect:

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.
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adjacent plot
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main road
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[ rroom (7_’[,'\: ”.'.) } 149[ |
¢ B o) living )w_'\: A (VN e § of !
r EI room “rose . \h/‘ ‘] ] :
() T Tl
) o |
I L neighbouring site . , I < :

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

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

garage access

< under

dressing room

dressing
room

edroom
scale L
1:400

¢

Architect:
Neufert

room with a bay window

Improved design for @:
better room plans; bedrooms
2.5m above ground, using
the site’s natural slope;
garage at ground level

House sketch design with
faults: cloakroom and porch
are too big; bathroom and
servery are too narrow; the
steps in the corridor are
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
local authority, service providers and legal
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, sloping 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 » (1) 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 - (2.

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, - 3), 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 larger 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.:

| 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

[6))

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?

Il Persons and firms involved in the project

1

a s WwWwN

With whom do we have to conduct preliminary
discussions?

Who is responsible for what special 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?

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

IV General

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

2 Exact address of the new building and name after
completion?

3 Nearest railway station?

4 Postal district/town?

5 Is there a telephone on site, and if not when will one be
available? Alternatively is there a telephone in the vicinity?

6 Have we obtained a local edition of the national working
rules for the building industry? Are there any additional
clauses?

V The project

1

4

5
6

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?

VI Basic design factors

1

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 buildings?
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.)

VIl 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)

0O ~NO O AW

IX Preliminaries

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

2 s 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’ Plan of Work in the UK, or the HOAI
[Honorarordnung fir 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 HOAI) 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)
biological, 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
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* 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
quantities, 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:

* Identification 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
Identification 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
Materials 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
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* 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
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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 directional 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 directional element)

* Context of use: illustration of building projects with a

strong directional element, e.g. length, height,(roads

or tunnels) or (towers or chimneys) - (2 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,. Incorporating
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 PTq. 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 parallel 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). » () + @ 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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| 799 13 variations and provisional sums works, failure to complete works, ° S
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@ Typical headings for contract clauses
| 88°
.00 E
scope of contract and
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100 ~e carrying out of the
c—_— . . . ——— works, hindrances,
@ Construction drawing completion
building | the works ~———
contract
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2, responsibilities,
grating R4 guarantees
steel angle frame —|
30/30/4mm N the payment
set in concrete :
15mm cement render — - @ General contract conditions
115mm brickwork — -
20mm cement render < H groundworks construction work
waterproof membrane + PR [l').l = excavations brickwork
o ——= boreholes concrete and reinforced concrete
O . . . work
screed laid to falls — Y A A ! B diversion of springs stonework
80mm in situ reinforced concrete —a=: .. . retaining walls blockwork
drainage hole 100mm diam. —————— 62° M 5 30 bored piling carpentry work
@ Detailed drawing water retention works steelwork

waterproofing work
roofing and tiling work
plumbing work

land drainage
underground gas and water mains

underground drainage
i

price consolidation finishing work
calculation retaining works on water courses, plastering and rendering
B ditches and embankments floor aknd wall tiling, and paving
i . : worl
price + underwater excavation, dredging .
o screeding work
B underpinning asphalt laying
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@ Example of a room schedule (R biicher in Germany) (abbreviated version)
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| Fabicstet weldaple stesl, B 4360 Grade 43 created
a with primer and top coat as clause G10/640 4t works
Windposts, as drawings 953 SK 118-119; !
Halfen HKT ties at 225 centres; including
piates, angle brackets, and all bolts
P70 A 1550 long P
FSF75 8 3700 long nr, ‘/

Proprietary items; Furfix; as clause F1O, us/

Wall starters, profile (AT;

FsFo0  © | ref
RETE

SILLS/LINTELS/COPINGS/FEATURES
T Precast concrete; as clause F31/110

Copings; profile as drawing 735/WD/63

FTBOA G 450 x 90; type A; horizontal; splayed
topi grooves - 2 FEI S
FraoN Fair ends 3 e
FreoM Sitted ends ER
FBle o 225 x 55; type B; horizontal; splayed
top; grooves - 1 7w
FTBis K Fitted ends 4 nr
Fac L 40C x 9C; type £; horizontal: splayed
grooves - 2 Dom
FTEIS W Fair ends P
o Collection ¥
6909 4rsa

Extract from a bill of quantities

Summary

31/07/97
Valuation No 2
Phase 2
City works
Alfred Street
Gloucester
1 As valuation summary £ 32,933.32
2 Materials on site: £ 3,750.00
Valuation total £ 36,683.32
Less retention 500% £ 1,834.17
f 34,849.16
Less previously certified £ 8,816.92
£ 26,032.24
VAT@ 17.50% £ 4,555.64
Valuation for payment £ 30,587.88
Page 1
ple of archi ‘s val ion

@ Extract from a speci

CONSTRUCTION MANAGEMENT

4B.02 STEEL PIPEWORK SCREWED AND FLANGED JOINTS

Usless stated eisewhere all prpework and fitangs pipeline ancilianes and
connections (0 equipment shall be screwed BSP jounts o pipework up to and
ncluding SOmm diameter and flanged 65mm and avore

Black sieel pipework joints shal, be screwed BSP up 1o S0ma diameter and
thereatter shall be butt welded or welded Nanged jonts only. Welded oints may
however, be used on any size of black steel pipework except at valves, pipeline
ancillanes and connections to equipment. All weided 1omts shall have beveliec
mitred ends.

On galvanised steel prpework up o and wocluding 130mm diameter, &1 ornts shali
be screwed including langed woiots Welded Jomts wil not be allowed on
galvanised steel pipewark uniess (e pipework 13 Dot dioped galvamised atter
fabratior

Above 10 diameter gaivanised sieel pipework snail rave Wl but weides and
welded flanged toms

Where pipework s generaly specifed as All wellded” Jomis which are nevessary
shall be of welded flanged type only and screwed joits wil not be aliowed

4B.03 BLACK AND GALVANISED STEEL PIPES UP TO 150MM DIAMETER
Shall be milé stee! electrical resistance conunuously seam weided tube of tube of
Black or galvamisee fmush 0 85 (387 AMD 330 1989 and of heavy wenght
quality

4B.04 BLACK STEEL PIPES OVER {50MM DIAMETIR
Blac steel pipes above |S0mm snall be carbon steet hot finished seamless tube

HFS 410 grade to BS 3600, BS 3601 150 2604 2 2644 3 2604 6 and BS 30
AMD 6233, 1989, The mmimum wall thickness shall he as the following tabie

Nor:nal Diameter Wail Thickaess
mm mm
20 b
5-IN0 s
00 I
350 400 Iy
450 and aove EA

on of piped services

Issued by Architect's
bdress Instruction
Employer ob rvfier

e
pbjose Yop Lepesee
Emplover Jab referene
address
Instructn
Contractor e date
address
Sheet i
Waorks
situated at

Contract dated

Under the terms of the above mentioned U

uet, |fwe issue the following

ructions

Office use: Approximate costs

‘Amountof Contract Sum £
+ Approvimate value of previous Instructions £
Sub-total &
+ Approximate value of this Instruction £
Approximate ndusted total £
P [ ot [ —— [] cenrwns [
[ v [ TS () [—— tl
[ Nominatad sob Contracsors [ ] MBE Conuts e [ rae
o T s TP 0 -

@ An architect's instruction according to RIBA form

Stanley Partnership

RECORD

Date
30 November 1998

Job  HOUSE AT BLOCKLEY 821/9
Telephone Number 01242 242943

Meeting/Telephone/Dravirg Isse

Action

DEREK NICHOLSON. RICHWOOD

I nove spoken 1o the engineer and the CELCON SOLAR DIOCKS may be used
provided they are the 3 5k version

Use dense blocks for internai partitions for sound resistance and butt jont with
inner skin

At each butt joint use expanded metal tolded to form an L with 200 mm legs
Incorporate every other course

All comers thus formed fo have doudle plaster stop beads s movement s

cc Martin Hewett

et St Canten tor Erne Lty S

@ Architect's record of a communication



CONSTRUCTION MANAGEMENT

building programme

493m
— >
1998
Jan_ Feb T Mar T Apr T May [Jun | Jul [ Aug | Sep JO-D
- =St il S s St AN B
2 9 44
= T
cunstruchion L
c=-—-A
\
=) T
1
= ]
C 1 7,
= N 04r
1AT
=) 4 P4 removal of topsoil
M P18+ 19
9 4 re
: Moval of pavip, and kerhs 2
4 1 AT AT
[=) e P8 level base layer
t
& 1
+
3] H
i
] —

QI site installation eza formwork and steelwork
3 groundworks £ scaffolding erection
C3 concrete works === scaffolding removal

timetable bar diagram, divided into separate trades

plant and equipment programme

type of — 1998

work Jan Feb Mar | Apr | May | Jun Jal Aug Sep

ground =

works . (=)

concrete

works

oy
site cleary
P Q'b
—— L ) | )

shuttering 5 40

steel —n

reinforce

ment works| « « . —a Y davs
Ly 3

matenals +

transport —]

L. — sequence of works: s

— + site installation and clearing

scaffolding |, ., T — demolition and earthworks b
oo ¥ ﬁ construction of road profile

installation % metalling, paving and kerbs

frost pr

I 1 ] | | ]

t
@ Building time plan

linear programming

PT, |<.. LT, €—LT, ¢—

number of simulation
work operation research
positions ine\work planning lechmquesg
1 shift work 1 shift work other methods
2 shift work \
- Network
1
1 ,l latest project latest time points
1 commencement LST = latest start time point 23
5 time point |’ LFT = latest finish time point = §
time Jan Feb Mar Apr May | Jun Jul Aug Sep | O-Dec EE
T %
o L2

A

W8 5, A,

=)
- - £ & project critical path
list [ building [ job unit | amount fconsum- | th | duration comparison 2 5 commence- | earliest time project finish given project
no. | section |descr- ption h/time unit S 2 mentdate  points time point finish time point
ption hE (day, week, s EST = earliest start time point
month) EFT = earliest finish time point
h be .
should @ Network calculation
is
should be
is
should be -
network Z display
IS

@ Check list for measured work @ Network orientation and precedence
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finish start
relationship
(dummy arrow)

normal
sequence

]
finish event of i
—

i j n
—_——— ANNANNANNS
0, o, 0,
normal time-dependent
sequence with dummy arrow
dummy arrow

.
i start event of j

nodes
LS ES
LF EF TN
—
TF NPN T

i |finish start 1
—] event f-=——=P event p—p
of i of j
N task number
1D task duration
NPN network plan number
ES earliest start
EF earliest finish
LS latest start
LF latest finish
TF total float
— task (arrow)
dummy arrow
critical path
oo -
\ [0 [a1]%6] 0 [22] i
.

|
i AW
1

A )
' 5°zﬁ7>’
B0
I

e
<

.
4

nnPan
[0 T4 o [

@ Task-arrow network planning method

CONSTRUCTION MANAGEMENT

standard methods

network planning methods

tasks point dummy earliest latest
of time
g’ short _5 from [ to |from | to 3
. |description s 5| & 5105 |se
Q > |task number | task number | @ < @ c |5E
Q © gel b= °o - ==
103 excavation P2 2 2 3 (1 2 0 2 0 2 0
102 | excavation P1 2 4 5 |1or3 4 2 2 0
101 | excavation W1 4 6 7 {1orb 6 4 8 4 8 0
104 | excavation W2 5 8 9 |tor7 8 8 13 13 18 5
203 piling 17 3 10 2 19 n 28 9
302 | foundations P1 4 m 12 |5 n 4 8 4 8 0
301 | foundations W1 8 13 14 (70r12 (13 8 16 8 16 0
304 | foundations W2 | 10 15 16 [9or14 (15 16 26 18 28 2
303 | foundations P2 4 17 18 |10 0r 16|17 26 30 28 32 2
402 | concrete
columns P1 8 19 20 (12 19 8 16 8 16 0
401 concrete
columns W1 16 21 22 |14or20 |21 16 32 16 32 0
403 | concrete
columns P2 8 23 24 [18o0r22 (23 | 32 40 32 40 0
1 added up
(3) Tasktist (cPm cf. > (D
order number
description order
node order  —Jm{
relationship of task relationship
es [ o [ s
task number
ES l EF | Ls | LF task duration
network plan number
™ earliest start
earliest finish
NPN l TD | TF latest start
latest finish
total float
arrow (relationship)
critical path

network

order
line diagrams bar charts abel-| €PM MPM
ling | arrow-orientated | node-orientated
> |4
N |
'
]
' 00— -t
:
'
v
> 8
! c
\ 2 -0
o i =
i, |[O—-0| -0+
E W
%)
2z
8
5
é i i Z=0D,+1
3 _—
5 OO0 |~
7))
ez
8 i
< Z =D,
go !
B
Py
w
Z0
@
e
3
3
T
&
€~
w
Ze
8
e
@
S~
T e
82
®
£~
)
2=z

@ Comparison of the display forms of different process diagrams

50

@ Network plan (CPM)
pos.| description dura- | previous earliest latest total
no. | of task tion | task c = c - float
> 2 k=) o time
Y c [ c
a = o =
103 | excavation P2 2 0 2 0 2 0
102 | excavation P1 2 103 2 4 2 4 0
101 [ excavation W1 4 102 4 8 4 8 0
104 | excavation W2 5 101 8 13 13 18 5
203 | piling 17 103 2 19 11 28 9
302 | foundations P1 4 102 4 8 4 8 0
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
402 | concrete
columns P1 8 302 8 16 8 16 0
401 [ concrete
columns W1 16 301, 402 16 32 16 32 0
403 | concrete
columns P2 8 303, 403 40 60 40 60 0
501 [ beams P1-W1 12 401, 402 32 44 36 48 4
502 [ beams P1-W2 12 403, 501 44 56 48 60 4
503 | beams P2-W2 12 404, 502 60 72 60 72 0
1 added up

@ Process list (MPM) cf. > (@)




\\}—ZOG‘{ surface of terrain
) \ 4

terrace
v

=3.0—

base of excavation

| PN\

Banked excavation with terrace for the
collection of precipitating material

shuttering

existing building section

am

round level
v 9

terrace surface level not lower

floor
" than upper surface of cellar floor level
o
N, lower edge of -@
=05 foundatio
=0 L] —z20—
\ [l o, g ground water =

A
Securing existing

@ Formwork o

envisaged building -l
R existing

|

ground level | building |

limit of soil " cellar floor |
excavation - 3 ] level envisaged building,

» lower edge of LY \r

1 -

: b
ing

7 —

foundation * . & underpin S
limit of soil l (masonry, existing
excavation concrete or buildin
following reinforced ground level ?
completion of concrete)
underpin o limit of soil [ cellar floor
- To excavation . (3) level

")
ground water +.¢,I ~zc 3 vy
_w T L ﬁ_ M lower edge of \} 7y
20. 0 foundation
excavation ’- 1 1o

A ground water 205
-4

Section through
underpinning — (5

: r;{ iR

flr;I building 4

Section through
foundations @

RN

i %ivrst buildtjng H
A 1A

following building ) -
section following b:élcc.::gg

Z3b ———tb=1.25{

o L
4

b= 1.25+——

7

first building 4
section first building

section
@ Plan view — @ @ Plan view — @

=064

v
o
&

F—=125— ™ ke

=175

e Excavation with banked

@ Partly secured excavation
edges

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-soil 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)
=064 underlay timber
{min. 16 ~ 16cm or dia
16cm) (if necessary)

timber bracing
(min. 12 « 16cm)

™ struts

steel suspension
straps (min. dia
16mm or 10mm -
| 30mm)

brackets

@ Excavation with prop @ Vertical sheet iron piles
support
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@ Official site plan

working
area

planned
building

25"'0 embankment
embankment
trype of ground angle
loose soil 40°
medium loose soil 40°
firm soil 60°

loose and firm rock  80°

@ Excavation

peg

“base of
excavation

room

embankment
profile ~

@ Boning rods

neighbouring
building

base height

level marker

- 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

boundary
stone

suspen.'nlde‘d
plumb bob

short building line
(string below)

planned
ho

.-

road

use

-
- *datum point

neighbour

The planned house in
relation to the site

line

planned -
building .

sight rail

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

bracing site board

plumb bob

@ Corner site boards

road height
(manhole cover)

measuring rod

pavement

possible datum points

77

setting board l _/

level

scaled rod

[

PN e

&,

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

Setting board

e

levelling
instrument

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 — (- 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 - @) - (5. The slope
of the sides of the excavation
depends on the ground type;
the sandier the soil, the flatter
the slope > @.

After excavation, string
lines are tightly stretched
between the site boards - (8
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
- (09, 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 wvisual contact (e.g. in
different rooms).

excavation
floor -4.05

T SUPPY N

LLLL L P77

@ 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
almost circular

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

>

N
s

30°: earth
60°: rock

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 15cm in a
slurry; the load
is distributed
over a larger
area of the site

Intersection of
foundation
influence lines
causes danger of
settlement and
crack formation
(important when
new building is
adjacent to old
building)

Individual foundations for e Strip foundations are most
frequently used for
building

light buildings without
cellars

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
I

@ Simple strip f dation on
lean concrete

foundation

Widened, stepped
foundation in unreinforced
concrete

EARTHWORKS AND FOUNDATION
STRUCTURES

QIITOCG I OITED

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 . (9, or if the
ground strata are only able to carry the load structure at
greater depth, pile foundations - (0. 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 - @) +
(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.
r
l; l N N N
(4 /]
{a) raft of uniform thickness

(a) divided (b) non-divided
foundation (false) foundation —
- e =2
(b) raft reinforced with beams

] (c) raft reinforced with beams

A N

L2277 22

. N NN
‘ LATEz2, 7772 ))
LI

\

~{

-

{c) with divided (d) foundation next .
sole plate to existing (d) strengthening under supports
building
@ Application of f dati m 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

» |
"
H

y
v

5
g
g.
3
S
L .
Q
:
2
»n
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EARTHWORKS AND FOUNDATION
STRUCTURES

To calculate the active soil pressure on retaining walls - (1) 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).

(a) ground retained in situ (b) rear anchored in situ (c) in situ concrete or sheet . .
concrete or sheet piling concrete or sheet piling piling retaining wall built For p|Ie foundatlons, the bore depthS should extend to the foot

g
a2
H
e
o
o
=
-
2
-l
-
2
e

reteining wé" retaining wal nio strusre of the piles - (2). According to the method of measurement,

zzz 7 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

(d) concrete structure (e) gravity wall (f) retaining wall with depth of the Ioad-bearing ground under bored piles A ©; for
against a retaining heel and toe compressed concrete bored piles, Brechtel System - ®).

Pile foundations: Loads can be transmitted by the piles to the

@ Building structures rated for the retention of soil pressure load-bearing ground by surface friction, end bearing or both

1 M [ bearings; the type of Ioad.t.ransfer de.apend.s on the bujldirfg site

N and the nature of the piling. Bearing pile foundations: load

ﬁ TR 4B A7 transmission takes place at ends of the piles onto the load-

bearing ground and/or through skin friction. Suspended pile

YSHNS t A Za) foundations: the piles do not extend downwards until the ends

Tigvb l"jb };3_0 b . L ? b——l are on the load-bearing region. Weak load-bearing layers are

>6m z6m T=158 T=150b compacted by pile driving.

i ! =6m Z6m Type of load transfer: Friction piles essentially transfer the load

* determined by greatest bore depth l [ 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

@ Minimum depths for trial bores

=1.10m

i

hel
5 into the ground by pile driving hammers. Jacked piles are
gg inserted by pressure. Bored piles are inserted by way of a bore
—:g hole. Screwed piles are inserted by rotation. With driven tube
28 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
8o pass through a hole in it.

E@ Type of loading: Axially loaded piles. Bearing piles are
= O

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.
. e R Manufacture and installation: Prefabricated piles are made in
E 5 R § SRR finished sections and delivered to the point of use, and driven
ﬁ;& S N DU B into the ground by hammering, pressing, vibrating, screwing or

by inserting in ready-prepared bore holes. In situ piles are

e
e=3d=1m+d

@ Requisite pile separations for driven piles

@ Requisite depth of load supporting ground under bored piles created in a hollowed-out chamber in the ground, such as bored
piles, tube piles, auger piles

air f . .
— air  concrete filling E-F inlet and cylinder piles. Mixed

inlet fork

water

— —‘L—‘ outlet
=<

z S 7 m

> ground

water % water
tube level
v/

inlet  funnel device foundation piles are

assembled from in situ and
prefabricated parts. In situ
piles provide the advantage
that their length is not critical
pre construction, and can be
designed on the basis of
compaction results, and
examination of cores of the
ground strata obtained during
the boring process.

pressure cap

22 ‘V)g

bore 4
tube

ki *’*é?

rubber sealing

ring fj member
RS A < Bllis ZZ\N7/ TR 70
a) b) c)

@ Compressed concrete bore pile (Brechtel System)
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BUILDING AND SITE DRAINAGE

®
: -
wiground rainwater Extgrnal unc.iergrou.nd drains are understood. to be thqse | o
) drains drains which are laid outside the plan area of the building. Drains i
= @ . . .
g s 2 underneath cellar areas are taken as interior drains. s
[ - .
2 T3 8 Depending on topography, the depths required are 0.80m,
material 3 2| = ] a ° 1.00m and 1.20m. In severe climates, measures must be !
c .. £ c . .
S =2 o | 2] 5|28 < taken to protect against frost. 8
o o & ) 3 a | 8= > . . . . . 1y
s, =8]8 |58 z Changes in direction of main drains must be constructed
X c © o = 2 2 . . " . ..
slsls|8|8|e|£]|=|E¢ ® only with prefabricated bend fittings and no individual bend g
c - c c c [~ = = . . .
i I B Bl B B T s - should be greater than 45°. If a junction of drains cannot be -
clay pipes A1 non. formed with prefabricated fittings, then a manhole must be 3
D s ST ] T |t |combustible constructed. Inaccessible double junctions are not s
permitted and a drain must not be reduced by connection -
clay pipes into a narrower pipe in the direction of flow (with the
with straight - + + + + - + - + | A1 . . . . g
ends exception of rainwater drainage outside buildings).
thin walled
clay pipes + + + + + + + - + A1 . fats 1
with straight minimum falls for:
1
ends nominal foul water rainwater combined foul water rainwater and
dimensions, drains drains drains drains combined
concrete pipes - - - - + - - - - A1 DN within within within outside drains outside
with rebate (mm) buildings buildings buildings buildings buildings
upto 100 1:50 1:100 1:50 1:DN 1:DN
concrete pipe - - + + + - - - - A1
with sleeve 125 1:66.7 1:100 1:66.7 1.DN 1:DN
reinforced I I O R O Y 150 1:66.7 1:100 1:66.7 1:DN 1:DN
concrete pipe . K K
from 200 | BN N ON 1:DN 1:DN
lass pipe - - + - + A1l
¢ Lt . bl jevel 05 07 07 05" 07+
cement + + + + + + * + - |Alnon- * for ground drains greater than 150mm dia.; also 0.7
fibre pipe combustible ** for ground drains greater than 150 mm dia. connected to a manhole with open
throughflow; also 1.0

cement - - + + + - - - - a2
fibre pipe
@ Minimum falls for drains
metal pipe
(zinc, copper, - - - - - - - ¥ - a1
aluminium,
steels)
cast iron
pipe without + + + + + + + + - A1
sleeve
steel pipe + + + + + + + + - A1
stainless + + + + + + + + + a1
steel pipe
PVC-U pipe - - - + - - - + | B1low com-
PP N bustibility
PVC-U pipe,
corrugated - - - + + - - - + _

outer surface

PVC-U pipe, - - - + + - - - + |-

profiled

PVC-U foam: - - - + + - - _ P

core pipe

PVC-C pipe + + + + - + + + + |B1

B2

PE HD pipe v * * * - * * * * | combustible
- - - + + - - - + |-

PE-HD pipe,

with profiled - - - - + - - - P

walling

PP pipe + + + + - + + - + |B1

PP pipe,

mineral + + + + - + + - + B2

reinforced

ABS/ASA/ + + + + - + + - + |B2

PVC pipe

ABS/ASA/PVC

pipe, mineral + + + + - + + - + B2

reinforced outer

layer

UP/GF pipe - - - + + - - - +

Nb\Ct bibe - - - + + - - - +

(9A6L

L61U|OLCEq ON(6L

bibe' wiueLy| + + + + - + + - + |BS

VB2\W2VY\bAC

bAC bibe

VB2\vew\ + + + + - + + _ + |Bs

L61UJOLCEY

WI6LY) + + + + - + + - + |BS
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; term symbol unit explanation Calculation of foul water flow
= rainfall value ftn | U(s ha) | rainfall value, calculated according to The deciding factor in calculating the size of the nominal
the building section of the drainage H H H y
e system, with accompanying rain bote is thg maximum expected foul wgter discharge V,,
. duration (T) and rain frequency (n) which is given by the sum of the connection values and/or,
" rainfall area A m?2 the area subjected to rainfall measured if appfOpriate' the effective water Consumption, while
in horizonal plane (A) from which the H H H H
8 rain water flows 10 the drainage system taklpg |nt.o ' account the simultaneous use of the various
sanitary fittings.
‘ discharge coefficient g 1 in the meaning of this standard, the . .
relationship between the rainwater Vs =K\ ZAWS + Ve
l flowing into the drainage system and . N )
a the total amourln of rainwater in the Guide values for the drainage discharge factor K are shown
relevant rainfall area . . . .
= in @ and example connection values AW are given in (3).
S water flow Ve Vs | effective volume of water flow, not If the foul water discharge V; is smaller than the largest
taking into account simultaneity ) . 7T s . L.
s connection value of an individual sanitary fitting, then the
rainwater Vv, I/s discharge of rainwater from a . .
discharge connected rainfall area by a given latter value is to be taken. For drainage systems that do not
rainfall value fit into the categories of building listed in (), K values
foul water Vi I/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 Vin I's sum of the foul water discharge and type of building, drainage system K
discharge rainwater discharge V,, = V, + V, (I/s)
apartment buildings, pubs/restaurants, guest 0.5
ﬁgvrcp-ng Vi I/s calculated volume flow of a pump etc. houses, hostels, office buildings, schools
hospitals (wards), large pubs/restaurants, hotels 0.7
connection AW, 1 the value given to a sanitary fitting to N
value : calculate the following drainage pipe launderettes, rows of showers 1.0
(TAW, - 1/s) laboratory installations in industrial organisations 1.2
drainage K /s 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, I/s calculated discharge through a drainage
capacity pipe when full, without positive or
negative static pressure . . . . .
sanitary fitting or type of drainage pipe connection DN of the
partial fill Vi I/s 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
9¢ Pip: kitchen waste run-off (single/double sink), 1 50
fall i 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 floqr gully, washing machine (with trapped
relative proportion (e.g. 1:50 = 2cm/m) drain) for up to 6kg dry laundry
functional kyy mm roughness value, which takes into washing machines for 6-12kg dry laundry 1.5% 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, K
pipe connectors and bends); it should nominal bore 70 1.5 70
be similar to the actual bore; it may R
only be used instead of the actual bore nominal bore 100 2 100
in hydraulic calculations when the , R
cross-sectional area calculated from the WC, basin type dishwasher 2.5 100
smallest actual bore is not more than 3
5% less than that calculated from the shower tray/unit, foot bath 1 50
nominal bore (in relation to a circular i R K
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 Tm length) above floor level,
fittings, manhole covers etc., with connected to a drain DN >70
specified permitted tolerances* (used as A
production specification to maintain the bath tub or shower tray with an ! 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 d, n mm | the minimum inner diameter of overflow and bath outlet
inner drainage pipes, related to the 5% R
diameter tolerance allowed from the dimension laboratory sink 1 50
of the nominal bore N
outlet from dentists’ treatment 0.5* 40"
flooding - - the situation when foul and/or rainwater equipment (with amalgam trap)
escapes from a drainage system or N N
cannot enter into it, irrespective of urinal (bowl) 0.5 50
yvhether lhi}s happens in the open or nominal bore of
inside a building internal collecting
drain
overloading - - the situation when foul and/or rainwater
runs under pressure in a drainage number of urinals:  up to 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
drainage pipe does not alter
"now: lower dimensional limit * using these given estimated values, the actual values should be calculated

@ Tetminsg|sax {st prildina and site drainaas
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type of unit TAW,

(a) multi-room flat 5
for drainage frem 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 2),
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 installations 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

individual connecting drain pipe DN with regard

to the layout

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 V, 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 V, 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 level 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
With unventilated internal collection drains, the drain length
L, including the individual connection furthest away, should

(maximum permitted lengths and height differences of single connection pipes)
‘" number of bends including exit bend of trap

criteria
- — Unvent | vent. not exceed 3m for nominal bore 50 pipe, 5m for nominal
nominal layout criteria lated | ilated . . .
sanitary units bore flated | ilate bore 70, and 10m for pipes with a nominal bore of 100
e A | f f :
basi i 27'3'?»3 "enaen | on | on (without WC connection). Where greater lengths are
Sw03 " 0 required, wider bores or the use of ventilated pipework
u . . . .
sink unit, 40 upto3 | uptol— 0 20 should be considered. Internal collection drain pipes over
washbasin, p— 5m in length with a nominal bore of 100, WC connections
o or .
bidet 40 over3 % bto3| ©°vers 70 50 and falls H of 1Tm or more must be ventilated.
bath tubs X X -
- connection to a stack 40 up to 1 up to without 40 40 above-ground collecting drain pipes D‘r:‘) \m;hlarsgﬁ{d
above floor level 0.25 limit : : N
DN of the stack 70 highest ;‘:;lelsrmmed layout criteria criteria
DN
t
upto3 qu2: 50 50 unvent- vent- length L | height H | unventilated ventilated
bath tub with 50 ' without ilated ilated m" mb
direct connection over 3 or OVer 1 limit 70 50 7 n 50 upto3 upto 1 50 B
upto3
over 1 70
bath tub with connection .40 up 1o 3 up to without 20 40 1 15 50 up to & upto3 from stack 50
to floor gulley P 0.25 limit
3 - 70 upto5 upto1 70
fl Ily (bath drain) upto vptol ° 70 over 1 100
oor gully (bath drain . 3 45 70 to 10 70
with connection to bath 70 over 5 over 1 Wlli(r':.)‘m e upto3 from stack
tub or shower tray or ! 100 70
upto10 | upto3 100 up to 1 100
single connection pipes 50 over 3 over 1 without 70 50 * _ WI\tNhgm wer OV? ‘3 - 100
9 pip upto3|  limit upto
‘ over 5 over 1 15 50 over 6 olr over 3
single connection pipes 70 ar upto3 100 70 - 45 70 over 10 Olr over 3 ventilation
P 1700 f essential
upto 10| upto 1| Without 100 | 100 - 25 |without we | ©ver 10 or over3
single connection pipe
100 over 10 I over 1 100
without WC or 125 100 16 - with WC upto 5 upto1 100
upto 3
100
WwWC 100 upto5 | upto1 100 100 - 25 with WC over 5 over 1 ventilation essential
we over 1 ithout - >16 all ventilation essential
max. 1m horizontal 100 uptos | withou 100 100
distance to stack p limit -
3 - 100 WC with 1 sink unit on the ground floor
ventilation - Hat least 4m above the horiz. drain pipe
single connection pipes all over 3 . - distance of WC from stack max. 1Tm
essential
" n
I H difference in height between the
T connection to a ventilated pipe T
and the trap of a sanitary unit
L straightened out length of pipe —
up to the trap diagram 1 o
L 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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[
E K=05Us K=07Us K=1.0ls Foul water stacks
N . oper p— p— - The nominal bore of all.f0u| water sfagks must'be at Iee}st DN 70

= d, v, SAW, | number | ZAW, | number | SAW, | number For foul water stacks with top ventilation the figures given in (1)
: (mm) trs) of wWCs of WCs of WCs should be used for design calculations. The nominal bores
. 70** | 682 15 9 - 5 - 2 - shown for the stacks considered are associated with the
Y 100 97.5 4.0 64 13 33 8 16 4 maximum sum of the connection values with which the stack
o 125 115.0 5.3 112 22 57 14 28 7 can be loaded. It should be noted that to avoid functional
) 1219 6.2 154 31 78 20 38 10 disruptions a limit is put upon the number of WCs (i.e. sanitary
= 150 1463 101 408 82 208 52 102 25 units that introduce quantities of large solid objects and surges
a of water) that may be connected to the various stacks. In
e *1 see explanations - p. 56 addition to foul water flows, tables (D) - () also show examples
bod **1 itis not permitted to connect more than four kitchen sanitary units .
2 to one separate stack (kitchen stack) of sums of connection values (see p. 56).
L Foul water stacks with secondary ventilation can be loaded

@ Foul water stack drains with top ventilation 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

upper K=05l/s K=07Vs K=1.0Us collection pipes (horizontal foul water drains) should be made
DN ) limit s max | max s max based on the ratio h/d, = 0.5 although for under-ground pipes
[ V. AW, [ number | LAW, | number | ZAW, | number : P _
(o W) *| of WCs 1 of WCs * | of Wes outside the. bm.ldlrfg over DN 150 can use h/di‘— 0.7'. ‘!’he values
5 o . " s " for the partial fill discharge flow of the pipes with minimum falls
*® - - - . el . . . . . .
) ) Imin are identified in relation to whether the pipes are laid inside
100 97.5 56 125 25 64 16 31 8 . . ) -
or outside the building. Values below the given size steps are
125 1150 7.4 218 44 12 2 55 " allowed for pipe calculations only in individually justified cases.
1219 8.7 303 61 154 39 76 20 . . . . )
150 1463 141 795 159 206 102 199 50 Calculfmons for rainwater pipes: rainwater discharge
and rainfall value
1 see explanations — p. 56 The discharge from a rainfall area is calculated using the
** it is not permitted to connect more than four kitchen sanitary units H o F,
to one separate stack (kitchen stack) followmg relatlonshlp.
. T .
® Vi=y-A- " in s
Foul water stack drains with direct or indirect additional 10000
ventilation . . . .
where V, = rainwater discharge in I/s
A = connected rainfall area in m2
woper K=05l/s K=07ls K=10Us rrny = rainfall value in I/(s-ha)
DN - limit max max max ] = discharge coefficient according to — @
d, e A YAW, | number | ZAW, | number | ZAW, | number
(mm) (I/s) of WCs of WCs of WCs X . . L . o
T o2 Iy . " » Rainwater drainage pipes inside and outside buildings are
* ) - - - . PTY .
' ’ fundamentally to be calculated with a minimum rainfall value of
100 975 68 185 37 94 2 46 12 at least 3001/(s-ha). It is also important to ensure that there are
125 150 9.0 324 65 165 4 81 20 enough emergency overflows for large internal rainwater
121.9 105 a4 88 | 225 56 101 28 drainage systems. The requirements can be checked using the
150 146.3 17.2 1183 | 237 | 604 151 296 74 following standard figures for the location:
ot o ris(y  Fifteen minute rainfall value, statistically exceeded
*) see explanations — p. . .
** it is not permitted to connect more than four kitchen sanitary units once per year. This rainfall value should only be
to one separate stack (kitchen stack) used in exceptionally well reasoned cases for the
calculation of rainwater drainage pipe sizes.
@ Foul water stack drains with secondary ventilation rs05 Five minute rainfall value, statistically exceeded
once every two years.
type of surface coefficient rs0.05 Five minute rainfall value, statistically seen is
waterpro?f surfaceso, fﬁ exceeded once every twenty years.
- in;;f:z;r?ac:sls,amps N For above- and underground drains within a building, subject to
- stabr:hlsled a;eas with sealed joints 1.0 agreement with local guidelines, a rainfall value of less than 300
— asphalt roofs . .
- paving with sealed joints can be employed, though it must be at least as great as the five
e o A 08 minute rainfall value in two years (r5qs). Across Germany,
- intensive planting 03 rs(0.5) varies from around 165 up to as much as 4451/(s-ha) so it
- extensive planting above 100mm built-up thickness 0.3 P 3 . f
_ extensive planting less than 100mm built-up thickness 05 is important to (?heck the figures with the local authority.
partially permeable and surfaces with slight run-off, e.g. If smaller rainfall values are proposed and there are large
- CO"acfetetgaV'"Q laid on sand or slag, o7 roof drainage areas (e.g. above 5000 m?2), it is necessary to carry
areas with paving A . . .
- areas with paving, with joint proportion >15% out an overloading calculation on the basis of what can be
. Ség‘é:ggr:s;ﬁgg:g’(‘jZ’r‘gass'“a“e” oe expected in the case of rainfall equivalent at least to a five
- children's play area, partly stabilised 0.3 minute rainfall value in 20 years (r ). These rainfall values
- sports areas with land drainage 5(0.05)
artificial surfaces 06 can be as high as 950!/(5 -ha). Within the overload sector, take
- gravellded areas g.g into account the resistances due to the layout of the pipes. If a
— grassed areas . . . .
9 — special roof form is proposed (e.g. those with areas of planned
water permeable surfaces with insignificant or no water run-off, e.g. .
~ park and planted areas flooding) they must be waterproofed to above the flood level
- Cfu':?a'giys’:fnzgﬁd°a‘;2§‘zr%;i":::ﬁﬁ areas, even and the additional loads must be taken into consideration.
- garden paths with water consolidated surface or 0.0 Underground rainwater drainage pipes should have a
d d parki ith d N P
— rives and parking areas with grassed concrete grid nominal bore of DN 100 or more. If the pipe is outside the
' ding to guidelines for the planning, constructi d maint f roof - . . . .
3?2:{..1'39 © quidelines for the planning, construction and matntenance of roo building and for mixed drainage (i.e. will also carry foul water),
and connects to a manhole with open access, the nominal bore
@ Discharge coefficient (y) to calculate the rai discharge (V,) should be DN 150 or above.
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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-
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0 supporting
s floor
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/ level
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@ Damp-proofing of building
with no cellar; floor with
ventilated air gap between
floor and ground level

finished ground
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level 8
U
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2 cellar floor
n level
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with cellar with non-
habitable room use (masonry
walls on strip foundation)

topsoil
surface water
Py

water pressure
—» .

excavation| — - 4

filed with Yo — [~ tanking
porous  §-
material

water
pressure

layer of
filter packing
drainpipe -
nominal dia T
100mm

water seepage
through pores

@ Drainage and tanking

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

finished floor
ground level

level

=~ 30

@ Damp-proofing of building

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

/

finished floor

ground level
level :" <~
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Damp-proofing of building
with no cellar; low lying
floor at ground level

ground o
level ‘;!’

finished ground
floor level

finished
cellar floor
0 level

10

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

gravel bed
for splash
protection

;m

— tanking
° — protective layer
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 — 3 - ®. On
external walls, the damp-proofing is 150-300mm above
ground level - (3) - ®. 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 - G49. 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 capillary effect on vertical

building elements

protective layers against ground
dampness (damp proofing)

precipitation,
running water

seepage of water not under
pressure on sloping surfaces
of building elements

proofing against seepage
(tanking)

ground water hydrostatic pressure pressure retaining proofing

(tanking)

finished ground raft foundation

floor level finished

cellar floor

ground
leve!

N
N raft foundation
N finished )
~ cellar floor finished
N level cellar floor
J ' level
N
N P @
NN w 4 S0’ 0%, SN o
N — ZONZNNZ-\\ ¢
N\ A

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

ventilated fagade
gravel bed

for splash ARARA S gravel bed B e
protection for splash
protection \

corrugated fibre
t— protective layer

|~ fibre cement
sheet over

tanking
material

{- waterproof mat
seepage layer

filter layer

drain pipe drain pipe

@ Waterproof mat @ :;:::::i:ial:::r of fibre

o
-
§:
a2
$
)
2
g.
H
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finished finished Ground Water Drainage
ground ground
floor level floor level

S

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

finished N . . . .
cellar oo oinished water disposal. Drainage is the collective term for drain

level | | . . . .
ovel pipes and drainage layers. If drainage at the wall is

NEEE (LR necessary, reference should be made to the cases . () -3\

L2 04 . . .
‘.:%'o'g — (O is relevant if g.round dampness only occurs in very
. ) i porous ground. - (2) is relevant if the accumulation of water
Ground dampness in very Non-pressurised water in

porous ground slightly porous ground can be avoided by means of a drain, so that water under

finished pressure does not occur. - (3) is relevant if water is present
ground .
floor level under pressure, as a rule in the form of ground water, or
when removal of the water via a drain is not possible.
gravel
finished sand
cellar floor
level NN position material thickness (m)
AV summ NN\ .(,.W
° o " UNo .o N\ S SR in front of walls sand/gravel *0.50
o o . L > 0% %) S, N D“” \7X
° @ °° 0 -0:°0  -Qs s § filter | 0-4 -0.10
5" ? o ° c, o ‘Oo o O o >04 DN 100 ilter layer coarseness mm

3) Water under pressure in @ Drainage system with seepage layer coarseness 4-32mm 0.20
ground containing ground 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

Drainage system with @ Drainage system for deep
granular material around building work
the pipe (tile drain)

Specifications and depths of granular materials for drainage layers

DN 300 205% DN 100 DN 1000
o == __ _ _. _ _bwoe
—_—— = = — T T T T

D1 300 N ov 100

MM sosx oo OK 1686
— e == __ _ _. _ _bwo -

°
5;. 30 7 / //
o
I l/\\ 20 / 7
ls ‘ $ o | e >/
E § NVCAw A
3 S S/ //° / 7
1.0
. W/ /
N N = 08 717 ” /'/ 7 y
DN 1000 DN 100 Sos% DN 300 // 7 / / A / ;
o ) ) - 0.6 v / /1 /
@ Example of an arrang of drainpip inspection and s 7 va 7
cleaning access in a ring drainage system _:_m 0.4 / / / A a /
representation [component { material 03 / / / / /
filter layer |sand Sf / Y /
Q'GO|EXII|9 N é\ / /
(filter fleece) 0.2 N Q / A
drainage gravel ,9‘;7 7 7
layer individual/ \4 EY / /
composite N \Q/ / /
elements 6?/
(drainage »( e" /
units, boards) 0.1 Q
BROON (drainage mat) /2 §
o | Protective, [membrane, N LS
EZZZ3  |separating |render ?{
_— d/proofing 4
—— drainpipe 0.05
@_ ngzgg:gn 1 2 3 4 5 6 78910 15 20 30 40 50
- i
- @- &'thou,/ flow rate Q (I/s) ———um=
'c”osupeeccl::“;”/ concrete land drains ~ — — corrugated plastic drainpipe
shaft
Soak.away for low drainage Key to dlag.rammatlc @ Measurement nomogram for drainage pipework
requirement representation
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trench for
surface water

original
¢ limit of

@ Building walls on hillside must

excavation
hill water

concrete bed

be well drained

R —

{3— cleaning and

inspection shaft

10.70

fall = 0.5%

=0

inspection 1y PUmp sump

opening B pipe to main
drainage

positional plan

Surface drainage with perforated land drains and ring drainage

pumped to main drain

inspection
opening

[~ concrete

sand/gravel

to main drainage

pump o
sump

<

surface filter
drainpipe 15cm sand/gravel

dia. 150mm

@ Cross-section A-B @

water repellent
coverng TG Tl
- fall
existing >
ground ©
clay,
sandy ‘o
wall o’
drainage N M horizontal
mixed infill . . filter layer
sandy gravel o o sandy gravel
4-32mm ‘o A Arrrt-
rool 96:% ¢ %
perforated ?
pipe ¥

base concrete
Pipe drainage with mixed
infill (French drain)
cohesive ground
ground level Igo

t— tanking
R t— protective layer
— supporting wall

base concrete

4

TS

|
! radius

Continuous water pressure
resistant tanking

existing ground

clay, sandy
water repellent
covering
(L7777 72
waterproof
9T concrete
Lo 1 e
. -] wal
existin o, Y4 !
groundgclay .o o 7 drainage
0o - o sandy gravel
4-32mm
sa;\d infill horizontal
0-4mm 7A filter layer
coarse sandy gravel
gravel/rubble | =
32-63mm
drainpipe

with 20mm dia.

perforations a6 concrete infill

Pipe drainage with layered
infill (tile drain)
porous ground

ground level
7 ground yo - ¢
water .
VI —

[eX1)

Teo

+— tanking
+— protective layer
3 supporting wall

base concrete

radius

Continuous water pressure
resistant tanking

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 . (1) - (3); for tanking
methods » @ - (3.

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 materials 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 > (2.

asphalt

joint grouting wearing layer

ERILKS
SRS

> mastic
grouting
rotective
ayer
. elastic
jointing tape
-2-2mm
layers
locsely laid B. 7

0 waterproofing

(a) sealing anchor fittings
which connect two walls
through the tanking

reinforced
concrete

1.5mm bolted
flange width ~ 12cm separation ~ 15¢cm
bolts M20

@ Tanking over a flexible joint
in reinforced concrete slab

2-layer copper band -

joggled assembly
0.1mm thick,
300mm wide

(b) sealing a pipe penetration
of the tanking with flanges

Details: tanking between
two walls
arrangement

of small
cobblestones

joint sealing
compound  hrsm pavoirs
joint grouting

profiled sheet
1. supporting course over

joint sealing ~ 100mm
wide - no adhesive

detail x

|protective layer

~ filling {
Ma(erpvooﬁng A

Tointy

e mmm—"
4 7 s 4 -/ e 7’ 7/ 7’
K/ v . )

T
reinforced concrete

@ Tanking over exp joint

in reinforced concrete slab;

opening

m—_l’

@ Tanking at connections to
ind and i

P

thermal insulating screed dividing layer of

anchor plate ‘oated
as abutment [ Uncoatec
g - 1 bituminous felt
anchoring to J
, prevent upward o %
movement -
water P | G N ] re: -
table < ) . %
max X, I:;o o -
........... o’
X reinforced °o - T
4 concrete tray L 20
> 7 protective layer g .Q. z
< concrete base -t l_
> .0
o ¢
o e AN - Lo
undercoating filter layer

hot coating

Subsequently constructed
tanking

Tanking at junctions of slab
bearing on retaining wall
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Squared random rubble
uncoursed walling

=3
@ Ashlar walling

structurally effective
cross-section

Mixed masonry with
structurally effective cross-
section
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\

Rough hewn uncoursed
random rubble walling

Hammer-faced squared
random rubble irregularly
coursed walling

@ Regular masonry courses

structurally effective
cross-section

Zzh

e Ashlar faced mixed
masonry walling

structurally effective
cross-section

Stone cladding: structurally

MASONRY
Natural Stone

Masonry in natural stone is referred to as random rubble,
squared, dressed, ashlar, uncoursed, coursed, etc. - (1) - Q0.
Stone quarried from natural deposits should be laid in the
orientation as found in the quarry . (O, @), @, 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 should 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 300 mm.
(e) The stretcher depth must be approx. equal to the course
height.
(f) The overlap of the butt joints must be >100 mm (masonry
courses) and 150mm on ashlar walling - (&) - (7).
(g) 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?2 (MN/m?)

limestone, travertine, volcanic tufa 200 (20)
B soft sandstone (with argillaceous binding agent) 300 (30)
© | o ron i mesione and dolomite inc
D | quartzitic sandstone (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 1 2(0.2) 2(0.2) | 3(0.3)] 4(0.4)| 6(0.6)
2 Wla 2(0.2) 3(0.3) 5(0.5)| 7(0.7)| 91(0.9)
3 n 3(0.3) 5(0.5) 6(0.6)| 10 (1.0){ 12 (1.2)
4 | hammer finished | 3(0.3) 5(0.5) | 6(0.6)| 8(0.8)| 10(1.0)
5 | masonry courses i/Ma 5(0.5) 7(0.7) 9(0.9)| 12(1.2)| 16 (1.6}
6 11l 6(0.6) [10(1.0) | 12(1.2)| 16 (1.6)| 22 (2.2)
7 | irregular and | 4(0.4) 6(0.6) 81(0.8)| 10 (1.0)| 16 (1.6)
8 | regular masonry l/Ma 7(0.7) 9(0.9) [ 12(1.2)| 16 (1.6)| 22 (2.2)
9 | courses i} 10(1.0) {12(1.2) [ 16 (1.6)| 22 (2.2)| 30 (3.0)
10 [ ashlar walling | 8(0.8) 110(1.0) [ 16 (1.6)| 22 (2.2)| 30 (3.0)
11 I/la 12(1.2) |16(1.6) | 22(2.2)| 30 (3.0)| 40 (0.4)
12 m 16 (1.6) |22(2.2) | 30 (3.0) | 40 (4.0) | 50 (5.0
@ Basic val - permissibl pressive stress on natural stone
masonry in kp/cm2 (MN/m2)
slenderness ratio|
or eff. sl. ratio 81(0.8)| 10 (1.0){12 (1.2){16 (1.6)| 22 (2.2)| 30 (3.0} |40 (4.0)|50 (5.0
1 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)
2 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)
3 14 4(0.4)| 5(0.5) 6(0.6)| 8(0.8)|10(1.0){14 (1.4)[22 (2.2)[30(3.0)
4 16 3(03)| 3(0.3)] 4(0.4)] 6(0.6)] 7(0.7)/10(1.0){14 (1.4)[22 (2.2)
5 18 3(0.3)] 4(0.4)| 5(0.5)| 7(0.7){10(1.0)[14 (1.4)
6 20 3(0.3)| 5(0.5)| 7(0.7)[10 (1.0)
@ Permissibl pressive stresses on natural stone masonry in
kp/cm?2 (MN/m?2)
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Double leaf with brick
facing

Single leaf with tile
hanging
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Double leaf cavity wall
with partial fill cavity
insulation

Rendered facing
with/without air cavity
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Single leaf with thermal
insulated facing

Single leaf with internal
insulation

=
L —

fill insulation

@ Tile hanging on insulating
blockwork

Double cavity wall with full

MASONRY
Bricks and Blocks

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
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 - 7 + (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 length {(cm) breadth (cm) height (cm)
thin format TF 24 115 52
standard format SF 24 15 71
1/2 standard format 12 SF 24 15 1.3
2'/2 standard format 2'/2 SF 24 175 1.3
@ Masonry formats
3 3 8 3
8 39 39 Y N g

113

I

pzzz4

A

@ Interrelationship between brick/block height di i - Q@
cellar wall thickness, d height h (m) of ground above cellar floor
(cm) with vertical wall loading (dead load) of
> 50kN/m < 50kN/m
36.5 2.50 2.00
30 1.75 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 length

to be braced (m) full storey levels from top (m)

115<d<175 <3.25 thickness (cm) =~ 4.50 > 1/5

175<d<24 < 6.00 of the
>115 >17.5 height

24 <d <30 < 3.50

30<d <5.00 ~ 8.00

Thickness, spacing and length of bracing walls

dimensions (cm) thickness of wall (cm)

115 17.5 24 30 > 36.5

recesses in breadth - <51 ~635 |- 76
masonry bonding residual wall thickness - 2115 2175 |~ 24
sawn out slots breadth < wall thickness

depth <2 I\:3 |<4 I~\5 1\5
min. spacing between recesses and slots | 199
distance from openings > 36.5
distance from wall junctions =24

@ Permissible vertical recesses and slots in braced and bracing walls
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Double leaf masonry with
full fill cavity insulation

Crossover with reinforced
light concrete masonry
blocks

Masonry of light concrete
blocks (hollow blocks) with
reinforced pumice concrete

Aerated concrete blocks
with cemented joints: 1Tmm

outer wall

5cm insulation
layer

mortar chamber

internal wall

Building blocks with 5cm
insulation layer and mortar
filled cavities

.

Reinforced masonry for
door or window lintel

Masonry in hollow blocks
with in situ reinforced
trough lintel

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 (4. 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 (9. 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[tIm
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 tmm)
number dimension* (m) of
OD| OS | OL |[courses 52 Al 13 155 175 238

0.115(0.135( 0.125
0.240} 0.260 | 0.250
0.365( 0.385 | 0.375
0.490( 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

6

7

8

9

0.1250 | 0.1667 0.250 0.3334 | 0.3750 | 0.50
0.1875 | 0.2500 0.375 0.5000 | 0.5625 | 0.75
0.2500 | 0.3333 0.500 0.6666 | 0.7500 [ 1.00
03125 | 0.4167 0625 0.8334 | 09375 | 125
0.3750 | 0.5000 0.750 1.0000 1.1250 | 1.50
0.4375 | 0.5833 0.875 1.1666 13125 { 175
0.990| 1.010| 1.000 0.5000 | 0.6667 1.000 1.3334 15000 | 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 0.6240 | 0.8333 1.250 1.6666 1.8750 | 2.50
n 1.365( 1.385] 1.375 06875 | 09175 1.375 18334 20625 | 275
12 1.490| 1.570| 1.50 12 0.7500 | 1.0000 1.500 2.0000 2.2500 | 3.00
13 1.615( 1.635| 1.625 13 0.8125 | 1.0833 1.625 2.1666 24375 | 3.26
14 1.740( 1.760 | 1.750 14 0.8750 | 1.1667 1.750 2.3334 | 26250 | 3.50
15 1.865( 1.885| 1.875 15 0.9375 | 1.2500 1.875 25000 | 28125 | 3.75
16 1.990( 2.010 | 2.000 16 1.0000 | 1.3333 2.000 26666 | 3.0000 | 4.00
17 21151 2.135| 2.125 17 1.0625 | 1.4167 2125 28334 3.1875 | 425
18 2.240| 2.260 | 2.250 18 1.1250 | 1.5000 2.250 3.0000 | 3.3750 | 450
19 2.365| 2.385] 2.375 19 1.1875 | 1.5833 2375 3.1666 | 3.5625 | 475
20 2.490| 2.510| 2.500 20 1.2500 | 1.6667 2.500 3.3334 3.7500 | 5.00

0.740| 0.760 | 0.750
0.865| 0.885 | 0.875

© 0O NP s W N o

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

@ Setting out di i for y work
block | block dimension number wall per m-* per m:
format| format {em) of courses | thickness | of wall of masonry
f\z" Ih';" tem) no. of | mortar | no. of | mortar
‘9 blocks | (litre) blocks | (litre)
DF 24-115-52 16 1.5 66 29 573 242
5 132 68 550 284
% 365 198 | 109 541 300
o
o
o NF 24-115.71 12 15 50 26 428 225
" § 24 99 64 412 265
3 = 36.5 148 101 406 276
=)
Qo
R 2DF [24~115-113 8 115 33 19 286 163
2 ] 24 66 49 275 204
S 0 365 99 80 n 220
g8
Qﬂg 3DF |24-175-113 8 175 33 28 188 160
=4 24 45 42 185 175
pt
3 4 DF 24.24-13 8 24 33 39 137 164
8 DF 24 .24 .238 4 24 16 20 69 99
blocks | blocks {495« 17.5 « 23.8 4 175 8 16 46 84
and and 49.5 .24 . 238 4 24 8 22 33 86
hollow| hollow| 49.5 - 30 - 23.8 4 30 8 26 27 88
blocks | blocks | 37 « 24 - 23.8 4 24 12 26 50 110
37-30-238 4 30 12 32 42 105
245 .365-238 4 36.5 16 36 45 100
@ Building material requir for y work
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Wire ties for external double

Anchoring of the outer leaf

leaf cavity walls > pp. 63-4
wall thickness (cm) 17.5 l 115
storey height (m) < 3.25
live load (kN/m?) including addition for light dividing walls ~ 275
number of complete storeys above

412 ] 22

Only permissible as intermediate support for one way spanning floors of span

- 4.5m; while 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 11.5cm thick

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

# Individual 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 17.5cm thick.

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

wall permissible maximum value for openings (m?2)
thickness | at a height above ground level of
(cm) 0-8m 8-20m 20-100m
=10 v 2.0 =10 220 £=1.0 £>2.0
1.5 12 8 5 5 6 4
175 20 14 13 9 9 6
24 36 25 23 16 16 12

@ Areas of openings in non-supporting walls (only mortar lla or Ill)

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*
- (. 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 - (2.

Reinforced masonry: wall thickness >115mm;
block/brick strength classification =12, mortar Ill; 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

description gross outer party and are provided for the acceptance of vertical loads (e.g. floor
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 490 240
for ceilings that only load single leaf transverse 11.5" 175
light solid concrete blocks 800 240 300 walls (partitioned type of construction) and on
1000 300 300 heavy ceilings with adequate lateral distribution
1200 300 240 of the loads
1400 365 240
1600 490 240 for all other ceilings 24 24
aerated concrete blocks 600 240 365 " 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 w:”sluopggmng height 1st and 4th 5th and 6th spacing
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) tem) (m)
2000 775 250 2115 <175 <3.25 * 4.50
>17.5 <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
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synthetic resin
render

10
120-150 0.17-027
175+240 W/(m?-K)

Masonry with bonded
insulation panels

@ Cavity walling
fibre reinforced
plaster board

plywood

fibre as P .
board 3 A|timber boarding

insulation | S

Low energy wall
(Heckmann Ecohouse)

reed
insulation
board

clay
- render

' /4
50-100 \ Z~ lightweight clay blocks
0.24
115-36 WI(m2-K)

@ Balloon frame with
lightweight clay blocks

render

0.27

\_ 0.392-0.238
W/(m?-K)
Timber unit wall
(Lignotrend)

plasterboard

synthetic resin
render

. concrete
insulation

plaster
10,
120+150
150

022-0.30
W/(m2.K)

Concrete with bonded
insulation panels

COT\CI’(/

insulation

concrete

" plaster

022-0.24
W/(m2-K)

plaster

insulation

boarding

10
1754240

>\ 0.11-0.19
80+120° 2.
120 W/(m*=-K)
e Walling with applied

sheathing

timber facade

battens

wood

fibre -
board 7 i
insulation
timber
boarding
lightweight
clay units
32
157 0.14
160 W/(m?-K)
100
Timber frame with
lightweight clay elements
Q Z
9 22.5-305
22-5'30-\' 0.332-0.209
W/(m2-K)

@ Variation of - 14

render

natural
insulation block

365 10
Natural clay insulation
blocks (Bioton)

insulation
E
\§ masonry
N
Y
N
N
a8 .
& B
v laster
N P
0.15-024
W/(m?2.K)

fibre

<
g plaster

: synthetic
resin render

- 014-020
10 W/(m?-K)
@ Timber panel construction

fibre reinforced
plaster board

Low energy wall with facing
brick

plaster

056
W/(m?2-K)

Poroton (clay insulating
block) cavity wall

EXTERNAL WALLS

Low-energy Building
Construction

The thermal insulation
characteristics of external
walls is an important
element in the saving of
thermal energy. The insu-
lation provided by low
energy building construc-
tion is greatly affected by
the connections between
the various building compo-
nents. Significant heat
losses can occur in these
locations. Standard cross-
sections depicting various
types of building materials
indicate the insulation
values which can be
achieved. A large range of
building  materials are
available, such as concrete,
masonry, timber, insulation
materials, plaster, cork,
reeds and clay. Clay has
proved itself as a building
material for thousands of
years. It is the most
common and most tested
material in the world and,
biologically and ecologically,
is an exemplary material.
Finished clay insulation
products are now available
and are well suited to
today’s level of technology -

- @.

lapped
boarding

wind
barrier

cavity
ventilation

0.27
W/(m?-K)

Timber frame (insulation
between the posts)

Profiled laminated timber
log construction
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One stretcher, one header;
alternating with course of

MASONRY BONDS

Two stretchers, one header;
alternating with course of

Flemish bond: 1 header, 1
stretcher; alternated each
course

headers headers

I T 1 1 I 1 ] )| I I 1 )| 1
T I I ] T T I I I 1 I T T I I 1

1 I I T 1 1 ] I 1 I | I I I ]
1 I 1 ] I I I 1 T )| I 1 ) I

I 1 I 1 I I ] 1 1 I 1] T T I 1
)| I I ] T I 1 1 T I I ] I 1 1

T T T I I T ] I I | ] ) I I ]
I I [ I T I I 1 | | 1 I I ]

I I ) I I 1 ] I I I ] T I |
I 1 I 1 1 )| T I I T T I T |

1 1 | 1 T 1 1 1 I 1 | T I T

Stretcher bond with 1/a lap
rising right

1 header; 2 stretchers
alternating coursewise

1 header; 1 stretcher
alternating coursewise with
1/a bond rising right and left

Stretcher bond with 1/4 lap
rising right and left

7
27777/, R 7/,
1 header; 1 stretcher
alternating coursewise with
1/2 bond rising left

T
1/a brick thick (brick on edge)
reinforced wall with 8 brick

panel

®)

wire tie

Brick on edge external leaf
linked by ties to internal
leaf

As 13, with 3 brick panel

Cavity wall with 2><1/4 brlck
leafs, tied by a connecting
header course, and alternate
header bricks on edge

@ As 13, with 4 1/2 brick panel

Ornamental brick wall

I

Cavity wall of 2x1/a brick
leafs bonded by header
bricks on edge

Floor finish of whole and
half bricks

e=nll==

— [ =]

As 27 with different pattern
(other versions possible)

I
A 77 |

Heavily loaded floor finish
with bricks on edge (herring-
bone pattern as in parquet)

I TE |
= TE=T]
As 23 with quarter pieces
(weave pattern)

®
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Brickwork with gaps
(honeycomb) for light or air
admission (holes 1/2 . 1/2
brick)

As 25 (holes 1/2 - 3/a brick)

@ As 25 (holes 1/4 < 1/2 brick)

As 25 (holes 1

®

- 1/a brick)
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Fireplace open on one side Fireplaces open on one

with safety area side in separate rooms

Fireplaces open on one/two Fireplace open on two
sides in separate rooms sides with safety area

FIREPLACES

Every open fire must be connected to its own separate flue
and should be immediately adjacent to the next - (1) - &
Flue cross-sections must be matched to the size of the open
fire » ®. The effective height of the flue from the smoke
hood to the chimney mouth should be > 4.5m. The angle of
a connecting flue to the main flue should be 45° . (9) - (0.
Open fires must not be sited in rooms with less than 12m?2
floor area. Only wood with a low resin content, and beech,
oak, birch or fruit tree timber with few knots, should be used
for burning. In the case of the use of gas appliances,
reference should be made to the relevant regulations.

Air for combustion must come from outside and needs
to be able to enter even if the doors and windows are
airtight. Air admission openings can usefully be sited in the
base of the fire, or at the front, and ducts that introduce air
to a position close to the fireplace opening should be
provided - @).

The fireplace opening must be separated from
combustible materials and built-in furniture by at least
800[tlmm to the front, above and to the sides » ®) - (7). Open
fires must be constructed from non-combustible materials
that satisfy local regulations and must be of stable
construction. The floor, walls and grate and the smoke hood
should be made from fire clay bricks/slabs, fire resistant
concrete or cast iron (although the grate and hood are often
metal). Any bricks or stones used must be of suitable type
for chimney construction. Smoke hoods can be made from
2mm steel brass, or copper sheet.

+F=
SN ) -
n
E
= 4 = L - - I \ 1
T | / ¢ \ |
c L
\ 20—
[ T (hd
> g N
w type open on 1 side open on 2 sides open on 3 sides
A JAN 1 1 2 3 4 5 6 7 8 9 10 "
room area small 16- 22-] 30- 33- 25- 35- |over 35- 45- | over
<J AN < ) (m2) rooms| 22 | 30 | 35 | 40 |35 | a5 | 48 | 45 | 55| 55
. e room volume small 40- 60- 1 90- | 105- 90- [ 105- |over 35 45-| over
:_e‘“ radiation surfaces and (m?) rooms| 60 | 90 [105 [120 |105 |150 | 150 [150 | 150 | 200
irections size of fire 2750 | 3650 |4550 | 5750 | 7100 |5000 |6900 | 9500 |7200 |9800 |13500
opening (cm?)
dimension 60/ 70/ 80/ 90/ | 100/
fire opening (cm) | 46 52 58 64 7
diameter {(cm) 20 22 25 30 30 25 30 35 25 30 35
of associated flue
all A | 225| 24 | 255] 28 30 {30 [30 [ 30 [30 [30 | 30
- N dimensions (B | 135 15 [ 15 [ 21 [ 21 - - - - -
with protection from (cm) C 52 58 |64 | 71 78 |50 |58 [ 65 [ 50 | 58 | 65
o -
28 radiated heat D | 72 [ 84 {94 [105 [115 [ 77 108 | 77 |90 [na
y “air admission E 50 60 65 76 93 77 90 | 108 77 90 |[114
] l:_—;-_.; : N T F 195 | 195 | 225 26 26 | 27530 | 325[ 275( 30 | 325
% ioz32 G | 42 [ 47 [51 [ 55 [s9 [ea [71 [ 82 [60a [ 11 [ &2
- - \ H | 88 | 97 |1045[120 [129 |80 |8 [ 95 [8 |8 | 95
. o ! [ | 6 6 6 7 7 64| 64| 64| 64| 64
without radiation S ke -
protection | air duct weight 165 | 80 [310 [385 |470 [225 [300 | 405 [190 [255 |360
Separation of fireplace Protection of combustible
pening from b ible floor from the fireplace Dimensions and sizes of open fires

materials opening/air admission

@ Fireplace open on one side Fireplace open on two sides

@ Fireplace open on three sides @ Fireplace tools
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@ Comparative values of efficiency
7 AY
7 AY
@ Wind effect on chimney @ Effect of chimney top and
efficiency cross-section on efficiency
T
1.00

— 104

>20°

@ Modular flue

71010
1212
14/14
16/16
18/18
20/20
30/30

chimney cleaning
opening on roof

steel rods

access

exit

wooden
ladder with
inset,
square
treads

opening

n .
@ and platform

P— =180 —+— =180
cantilevered

3 flat length
3; steel bar |
| 30 x 5 mm ATTT {
sx s ][]} plil
R 12

LA

Length and attachment of
the crawling board

Modular flue with ventilation
duct

B1ana
16/16
18/18
20/20
22/22
25/25
30/30

Modular flue (rear ventilated)
with ventilation duct

T | ]
<80 c 0 =T25

crawling
board

A crawling board is

y for roof slop
above 15°

v

m Crawling boards are fixed
more firmly to rafters than
to the tile battens

CHIMNEYS AND FLUES

Flues and chimneys are ducts in and on buildings, which are
intended exclusively to convey the gases from fireplaces to the
outside over the roof. The following should be connected to a
flue: fireplaces with a nominal heat output of more than 20kW;
gas fire places with more than 30kW; every fireplace in buildings
with more than five full storeys; every open fire and forge fire;
fireplaces with a means of opening and every fireplace with a
burner and fan.

Provision should be made in the foundation plans to support
the weight of the fireplace, flue and chimney. Flues must have
circular or rectangular internal cross-sections. The cross-section
must be >100cm?, with a shortest side of 100mm. Brick flues
must have a shortest internal side of length > 135mm, the longer
side must not exceed 1.5 times the length of the shorter. The
shortest effective flue height > 4m; for gaseous fuels > 4m. The
mouth of the chimney should be > 400mm above the apex of the
roof, where the roof slope is greater than 20° and for roof slopes
less than 20° this dimension is > 1m - (§). Where chimneys are
closer to structures on the roof than between 1.5 and 3 times the
height of the structure, it must be ensured that they clear the
structure by at least 1m. Where the mouth of a chimney is above
a roof which has a parapet which is not closed on all four sides,
it must be at least 1m above the parapet. Every flue must have
a > 100mm wide by > 180 mm high cleaning opening which is at
least 200mm lower than the lowest fireplace connection.
Chimneys which cannot be cleaned from the mouth opening,
must have an additional cleaning opening in the flue in the roof
space or in the chimney above the roof. The following materials
may be used for single skin flues: light concrete blocks, clay
bricks, lime sandstone -solid bricks, foundry bricks.

Materials for treble-skinned chimneys, with outer casing,
insulation layer and moveable inner lining can be formed
components in light concrete or fireclay for the inner lining; for
the outer casing, formed components in light concrete, masonry
stone, bricks with vertical perforations, lime sandstone, foundry
bricks, or aerated concrete blocks. For the insulating layer, non-
combustible insulating material must be used. Exposed outer
surfaces of the chimney in the roof space should be provided
with a rough cast finish of at least 5-10mm thickness. Flue walls
must not be loadbearing. The chimney can be clad with slates,
shingle slates or cement fibre sheets. Zinc or copper sheet can be
fixed to the chimney on to the sub-structure using dowels (not
wooden dowels). Prefabricated claddings are recommended.

= =

coverplate

==
bearing plate
chimney
top
section
O
inspection door
section

(1 storey)

boiler room [0
ventilation

opening

Ol flue T 0 &
module . {D -] fireplace
cleaning access -0 3 connection
B 4 cleaning
openings
e

1
Prefabricated flue
(in storey height lengths)

(15 Modular flue installation (16)
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duct connector 80 mm

dia. ~ 30mm long
secondary duct
connector 80mm
g dia.~ 30mm long

80mm dia.
duct connector
80mm dia. «

30mm long

@ Single-room extract fan unit @ Extract fan unit for two
for concealed installation r i

/ ventilator Zg‘rjv?;;jer
> L™
“ U
il 2 * ==
~ RYRAN
S | T A
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™ 3 A :
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HH
Centralised extract

VENTILATION DUCTING

Extract fan units should meet the ventilation requirements
of bathrooms and lavatories in residential and non-
residential buildings (such as schools, hotels and guest
houses) and extract air from one or several rooms into an
extract duct —» (1) - 2. Ventilation systems should be sized
for a minimum of 4 complete changes of air in the rooms
which need to be ventilated. A flow of 60m3/h is adequate
for bathrooms with a toilet and a flow of 30m3/h is adequate
for one toilet. Every internally sited room to be ventilated
must have a non-closable ventilation opening. The size of
the area through which air flows must be 100 mm?2 for every
m3 of room volume. Gaps around the door may be taken as
equivalent to 250 mm2. In bathrooms, the temperature must
not fall below 22°C, due to the flow of air.

The velocity of flow in the living area should be > 0.2m/s.
The exhausted air must be led outside. Each individual
ventilation system must have its own main duct - 3 -®).

Central ventilation systems have common main ducting
for a number of living areas - @ - ®).

The effective functioning of branching duct convection
ventilation systems depends essentially on the available
cross-section area of duct available per connection - (9.
The cross-section of the ventilation shaft for single-duct
systems without mechanical extract - (7) in bathrooms and
WCs without open windows (up to 8 storeys) should be
1500 mm2 per room.

Centralised extract ventilation

Y with exh d system with primary and
via roof secondary ducts
/ / ventilator
eas ey = ==
IN:P
]
P T——t\ s | ot i
~H oo
=4
e e
~ ~H s
e —4
T OO g
=
C lised ventil. Centralised ventilation system

with separate primary ducts with a number of primary

ducts without secondary ducts

clear permissible no. of adjacent duct internal dimensions
cross-section | connections with average
of the main | effective total height main duct auxiliary duct
duct cm? upto10m| 10-15m over 15m (cm) {cm)
340 5 6 7 20~ 17 917
400 6 7 8 20 < 20 12~ 20
500 8 9 10 25~ 20 12,20
340 5 6 7 20 < 17 29117
400 6 7 8 20 ~ 20 2 <12/20
500 8 9 10 25 % 20 2 21220
340 5 6 7 21217 917
400 6 7 8 2 % 20/20 1220
500 8 9 10 2 < 25/20 12 .20

@ Table of dimensions for branching duct convection systems

@1)”5“0 CICd|2x 1510 3x15/10

00 axsno [COCIEIC N sxisrmo [CILICICICIL ] 6xt5i0
o | Y i | T [CICICICIC L Y] sxisimo

. . thin walled - lengthwise; web
Single duct ventilation

thickness 5¢cm
cover with Meidinger disk

air exit on two opposite sides; exit area
per side equal to the sum of all duct

. ) :I: >15 cross-sections
air outlet on two opposite sides; outlet area per
side equal to the sum of all duct cross-sections 3
Tt PN = - N | —— :
: — g g g |
/ : thermal insulation provided in ; \ I ]
i 3 the roof space and over the roof $ )
e - v : u attic 2nd floor 2nd floor
| AR A AR A
g EF 4 opposite facing
M M E duct openings
%' baffle baffle staggered by 1
o § - plate plate I :{ brick height
nd floor f 2nd floor (33.3cm)
S S t 1st floor 1st floor
E airflow from _{';.;6 stes3938s XYYy 2 .
= adjoining room M < air outlet . E
clear cross-section dividing dividing
st 3 at least 150cm? floor floor
st floor [ 1st floor fl
o ground floor ground floor
= 2 air outlet duct opening . =10 19 P AAAAA A, A oA e e
S dividing min. 150 cm? air outlet inspection doors
floor free flow dividing clear width 400mm
cross-section floor
ground L ground dividing floor ¥ dividing —
floor a9 airinlet air inlet E floor cellar >50 floor
A 3 ——anay v} =T
section air inlet - - air_ inlet
section " bath *
___ _bathwC bathwC ¥ | ¢ bathwe
S| ;. g 000
L) % ]
i 000K oo, =
: AL we X%
Single duct convection e Supply and extract @ Br hing duct ion Example of system with
ventilation system convection ventilation system with one main and one main duct and two
system one auxiliary duct auxiliary ducts
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gas connection

main gas cut-off
valve

isolator

cut-off valve

gas meter

[N

10

pmmm—mm =

earthing

heating pipe

drainage pipe

foundation earth

electrical mains
board

11 telephone cable

12 lightning

conductor

CORXNOO B W

13 ventilation
14 water main
connection

8
J,
@ Mains connection room
building
| 1 inspection chamber
dia. 1.0
I 2 foul water drain
2 I 3 mixed water drain
4 rainwater drain
__'__I 4 — = 5 mains water
plan | l -r=—1t! connection
3' ! 5 lg l 6 mains gas
3 17 89 connection
2 havai :
:,l 7 district heating
8 ' I connection
© l 8 mains electricity
€ 7 l I connection
0 150 {1-2; ?030130 ZBOZ boundan 9 telephone
7] RS A —1—+ T Boundary - connection
3 |
/
main drainage in road
ground surface level
|v I
section : c | | Iﬁ%lg =1
o afl ol ! ‘|' o
Tox> B 6 _$ el g 0
g2 g | | oLg -
23| = o
| 89| § | b7 | «
S -
50

without inspection chamber

@ Mains connections

clear width of manholes
section in m for a manhole
through depth of
manhole  1,0410<08| >08
(min.) (min.)
O fw]-
D 0909
no rungs [with rungs
"' shafts above a working height of 2m
calculated from the invert level can
be reduced to a diameter of 0.8m

@ Sizes of manholes

cleaning
opening
A
(I 1 I Il
7

example of
a jointed
connection

Inspection and cleaning manhole

SERVICES: CONNECTIONS

In houses for one and two families there is no necessity for
a mains connection room.

Mains connections rooms should be planned in
collaboration with the mains service providers. They must be
in locations which can be accessed easily by all (e.g. off the
staircase or cellar corridor, or reached directly from outside)
and they must not be used for through passage. They have to
be on an outside wall, through which the connections can be
routed - (1)-(@). Walls should have a fire resistance of at least
F30 (minutes). Doors should be at least 650/1950mm. With
district heating schemes, the door must be lockable. A floor
gully must be provided where there is connection to water or
district heating mains. Mains connections rooms must be
ventilated to the open air. The room temperature must not
exceed 30°C, the temperature of the drinking water should not
exceed 25°C, and the room must not be susceptible to frost.

For up to 30 dwellings, or with district heating for about
ten dwellings, allow the following room size: clear width
>1.80m, length 2.00m, height 2.00m - (1. For up to
approximately 60 dwellings or where there is district heating
for 30 dwellings: 1.80m wide, 3.5m long, 2.0m high.

115 ~800 115,
104,112 1, 951,95 QOFEE

1 mechanical ventilation
bath/WC dia. 100

foul water dia. 100

heating flow DN25

heating return DN25

hot water supply
DN20

hot water return
DN15

cold water supply
DN25

240

[LIFNYANN]

11520 250
(=}

~

(DN = nominal bore)

shower

pressure pipe
with non-return
valve
A mains
drainage
J==_ o0 in road

@ Pump box =

back-wash level

ventilation to above roof

back-wash loop

level of top of manhole
covers of mains drainage

pressure pipe ~e—
invert level of
—v connecting drain
g invert level of
mains drain

300 » 300
pump sump

capacity lift (m) dimensions (mm) DN,

3 7 |14 A B z (mm)
family house m3/h 47 | 12 1000 1000 450-500 100
multi-family home | m3/h 64 | 22 1800 1300 700-850 125
large complex m3/h 144 (100 | 18 2600 1950 800-900 150

@ Pump installation

£
:
°
£
§
2

71



"
-
=
2
®
&
.
o
o
o
=
-
8
-
L
2
L

72

S = rafter length

=
g BEE
w2 2 £38
59 &= &3¢
jhe SE 253
1
1 1 h~—.
5-40 | 10-20 2 S
1
30-60 | 10-20 h-_.S
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@ Collar roof with loft room

ROOF STRUCTURES

Couple roofs represent the most economical
solution for low building widths.

Collar roofs are never the cheapest for slopes under
45°, but are suitable for large free span roofs.

Simply supported roofs are always more expensive
than couple roofs and are only used in exceptional
cases.

Roofs with two hangers (vertical posts) almost
always are the most economical construction.

Purlin roofs with three hangers are only considered
for very wide buildings.

>> 2 )

Roofs form the upper enclosure of buildings, protecting
them from precipitation and atmospheric effects (wind,
cold, heat). They comprise a supporting structure and a roof
cover. The supporting components depend on the materials
used (wood, steel, reinforced concrete), roof slope, type and
weight of roof covering, loading, etc. Loading assumptions
must comply with current regulations (dead-weight, live
loads, wind and snow loadings). A distinction is made
between roofs with and without purlins, because of their
different structural system, and of the different functions of
the supporting components. However, these two types of
construction may be combined. The different types of load
transfer also have consequences for the internal planning of
the building.

u T

@ Couple roof with hangers

T T

H %

@ Close couple roof with collar and purlins



ROOF STRUCTURES

In a purlin roof, rafters have a subordinate function (round
section timber spars also possible for small spans). Purlins
are load-bearing beams, conducting loads away from the
rafters to the supports. Regular supports are required for
the purlins (trusses or cross-walls). Early type: ridge purlin
with hanger. Double pitch purlin roofs have at least one
hanger, situated in the centre of the roof. Suitable when the
length of the rafters < 4.5m; on wider house structures, with
rafter length > 4.5m, then two or more purlins with suitable
vertical hangers are required. A rafter roof (rigid triangle
principle) is possible in simple form, with short rafters up to
4.5m. If the rafters’ length exceeds 4.5m, intermediate
support is required in the form of collars. This regular,
strong system of construction provides a support-free
internal roof space. Couple close roofs require a strong
tensile connection between the feet of the rafters and the
ceiling beams. Sprocketed eaves are a common feature,
giving a change of angle in the roof slope. Simple couple
and collar roof construction is unsuitable for large roofs.
Collar roofs are suitable for building widths to approx.
12.0m, rafter lengths up to 7.5m, collar lengths up to 4m.
The collar roof is a three-link frame with a tension member.
Prefabricated roof trusses are a very common form of

structure for pitched roofs. While economical in the use of
f timber and light and easy to erect, they have the
E ‘n H it disadvantage of totally obstructing the roof space.

@ Collar roof with jointed rafters, with three types of stiffening

— 12.50 3
@ Restrained ple roof with h

Couple close roof in timber framing with lifetime guaranteed @ Mansard roof
glued joints with 45° inclined struts as twinned supports over

span - 25m c ]
I i 1
—SOI‘ISO | " |
—

Tl
A 43

T
24-50 —
1 shear tongue joint ridge purlin
— —
8-14 12-14 16
webbed beam system A —
A = single-width % I '
flange | .
N B = double-width overlapping m
flange k
C = box beam m
support \ ridge board
Cof:ple close_ roof'wnh webbed rafters, glued timber construction; @ Butt joint with butt strap
ratio of profile height to supported span = 1:15-1:20
] <> d
gang-nail plate double-pitch roof slopes of 6°, 15° and 25° !
single-pitch roof slopes 6°, 10° and 15° '
rafter .
r ]
b e e e oo o b e oo 3
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