G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

»

United Nations Industrial Development Organization

CH
=11 =—

13Lr.
LTMITED

To/wa.ien/:
16 March (972

CRICINAL: ENGLISH

Maniings notrveralrica o b
Africa aar t oo N0V bt

V- X3 Apris

fadarast, Hon.v o o Foghares b o SFoaoaan

Ty [ T U
Lo 5 % Pho [ !
’
Qeprasasar Ty T L
u.‘r.:,",g\, t 1!1._. Y R
x“r

k. » G'._." RN {‘1:"

Deprrtment of Houning fonstryrceticn
The Technieal University of TDenmark

fopenhagen, Donrmrc

V The

has tren reproduced witheni formal editing.

1L, T-1594

-

views and opinions exprassed o this paper arc thoce of the author and do
not neceusserily peflect the views of ths seoeretariat of UNIDO. This document

o

BT, e
S ;




We regret that some of the pages in the microfiche
copy of this report may not be up to the proper

legibility standards, even though the best possible
copy was used for preparing the master fiche.

i







-1 -

STRUCTURAL PROBLEMS IN SYSTEM BUILDING

3.
.

.

FUNCTIONAL REQUIREMENTS
2.1. Traditional Legislation
2.2. List of Functional Requirements

2.3. Functional Requirements based upon
Scientific Facts

2.4. Conflicting Functional Requirements -
the Compromise between Economy and Function

TOLERANCES -~ DANISH EXPERIENCES

JOINTS

4.1. List of Functional Requiraments
4.2. Structural Joints
4.3. Facade Joints

DESIGN OF COMPONENTS

!

Page

w N NN

10
18

22




2. FUNCTIONAL RIQUIREMENTS

2.1, Traditional Leqgisiation

A new type of wall, wnich will be suitable as dividing wall between
two flats, has been invented. "he question is whether the inventor
shall be able to make the authorities accept this wall. As the
first step towards this end it would be natural to study the
building codes. Years ago these would probably say that the dividing
valls hetween two flate should he made as a 23 cm brick wall -

cr the like. The inventiocn - of course - not being a 23 cm brick
wail, the job wiil ha to prove that the wall corresponds to &

22 om brick wall. It is obviouis that this wording puts a brake

vn much progress within bui lding. It canrnot be taken for granted
that the qualities of the traditional products are on the whole
necessary, and if so, that thay are sufficient (although as a

matter of course they have bheen). As mentioned before the dividing
wall between two flats was formerly almost exclusively effected

by means of heavy matertals, not bacause it was demanded that the
materials must be heavy, but because until then heavy materials
could most sasily sat.sfy the demands fou separation of flats.

2.2. List of Functional Requirements
In order not to stop the doveicpment of new materials and components
it is natural tc investigate the possibilities of different solu-

tions. In other words, we inust try to set up a list of functional
requirements.

From gtatics we know the fornula g = R,

In an extended meaning we let M symbolize some kind of external
influence (either icad, noise, heat, or the like) . Q indicates
the quality of the bulldiny component, its ability to reduce
(resist) the influence from cutcide and R the result wanted, the
requirements.

In order to datermine the gquality of the construction part we must
know the influence M and the recuirements R.

From the start we are used to convsider the influence M as constant
within large geographical areac, which of course makes it easier.
The influences as noise, heat, eic. should also be considered as
constant within large armas. Many axamples show that this constant
is assumed to Le equal to zero. You may be tempted to neglect
sound-reducing properties because influences are often small,
until one day you are asked to design an office building along

a noisy main street, and after consitruction you will realise that
this functional requirement had rnnt becn taken into consideration.

In point 2.3 I shall revert to the astablishment of influences.

A general 1ist of functional roquirements will naturally be
impossible to draw up as these depend on the cemponents involved
(puter or inner walls, doors, etc.), but examples of detailed

. lists will be given in point ¢.1.




General functional requirements may be ligted as follows:
a. Elementary Requirements:
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For walls to limit physically
to separate visuvally
tO separate acoustically
to separate termically
to separate air-technically

b.___Safety Requirements:
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For instance, demands for strength, stability, fire-technical
properties.

g€:...Reguirements_for Resistance:
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For instance, registance to ageing, use, water, heat.

While a, b, and c could be called pPrimary requirements (indispens-
able), the following demands could be considered secondary.

Demands for sound-proofing, heat/cold insulation,
water- and wind-tightness etc.
Q;---’!!EBDQ&QSiQEl--QBQ-QQL@ESHESL‘_’EZIQEQnic‘l Reguirementy;

For instance, demands on acecunt of shrinkage and creeping.
Demands fcr transportation and erection.

L..__Other Reguirenents:
For instance, demands for Appearance, econony, maintenance.

2.3. Functional Requirements Based upon Scientific Facts

e demands we wish to make on certain components must be quite
unambiguous. Obviously guality demands such as “"corresponding to
23 cm brick wall” or "good workmanship" are not vary reproducable.
We must try to express our demands in measurable values., If we
wish to speak ahout sound reduction in walls for instant, we
might try to consider how this demand can be fulfilled. The first
demand is made by the client, possibly a demand for a general
state of happiness. Doctors, psychologists, sociologists, and
people of similar professions can describe this state of happiness
as the fulfilment of a number of paramecres, one of which is
called a certain (low) level of noisa. We for our part may deter-
mine the demand by saying that loud talking next door may be
scarcely heard (but not understood) through the wall. (In this
way we have already left out the paople to whom the highest kind
of happiness 1is to follcw their neighbour's private life.) A
still better demand, which 1is more technical, would be to make
a demand for the sound reduction to be at least 50 dB.

From a technician's point of view it is clear that the more
parametres for a "state of happiness™ can be indicated in numerical
values, the more easily the solutions can be found - simply because
we know which problems have to be solved.

The moment the functional requirements have been formulated in
humerical values, it has been established which methodology 1is to
be used to prove the quality.




Testing methods can roughly be divided into three groups:
a. lLaboratory testing methods

b. Control by means of calculations

c. Subjective evaluation by experts

Reverting to the formula Ma R, M - the size of the influences -
is the first factor to be™ determined before testing. This is
guite natural, however, very often our knowledge in this field
is limited. Whizh horizontal loads, static and dynamic, does a
light partition wall have to resist - absordb - and how large
deflections can we allow ?

When all possible influences have been established - in some
instances by loading followaed by measuring traditional components
- the testing method can Le determined.

Functional requirements based upon scientific facts offer the
following obvious advantages:

a. Improved communication between client and designer. It is
eagsier to make out specifications if exact and reproducable
measuring methods can be referred to.

b. In consequence of item a, improved possibilities of control
(and verification) during building (and in some instances
after moving in).

C. Provided measuring methods are uniform, the result will be
improved possibilities of buying and selling building
components between the countries.

d. As pointed out above, it will be considerably easier for
the designer and certainly for the manufacturer too, to develop
nev building components, if it is stipulated in advance
which requirements will be made for the ultimate result.

2.4. conflicting Functional Requirements -
the Compromise between Economy and Function

If Q1, Q24 o...... Qn indicate the qualities of the component (strength,
sound reducing properties etc.), it will be desirable to obtain
maximum Q; + Q2 + ....... Q,. However, it will often be seen that
the optimation of two qualities will be in conflict. This may be
exemplified by thes wish for good insulation against sound in for
instance a wall, which could excellantly be fulfilled by using
heavy materials, whereas the demand for flexibility is difficult
to satisfy if the wall is build of heavy materials. Furthermore,
the classical example of gquality-economy can be mentioned. In our
sucliety the maximum quality in proportion to the price will
probably be in demand. This may be expressed as a maximum

{QK—LQL-;—-'——-——QB}, P indicating for instance the price of the

component, see Johs.F.Munch-Petersen: "System Building Design
Philosophy”, page 18, where P = M + a*L + 8:I, so that the formula

looks as follows: + F ovennn
{g""ﬂ’%an + 8 Jn}

maximum




-« B =

To my knowledge this maximum has not yet been found - as this
would correspond to the invention not of "a wall® but of "the
wall®.

As mentioned above qualities can be in conflict, and from one
building case to the other, qualities are not necessarily equally

important. It would therefore be more correct to put the formula
as follows:

‘.g,{"l'ﬂl + WieQa 4 oo, gnﬁgn}

The designer's job is to choose among - let us say - the floor
components on ths market at the moment, the one most suitable for
the purpose (the floor component which fulfils the most functional
requirements in the best way).

This procedure of selection can often be difficult. It requires

on the part of the "judge" an accurate evaluation of the importance
of the qualities (w , w ,.......), and also on the manufacturer's
side an ability to give sufficient information about the qualities
of their product, and that this information must be based on
uniform measuring methods.




3. TOLERANCES - DANISH EXPERIENCES

As cur buildings are made by putting components together, and as
we realise the insufficiency of nature, i.e. that the required

measures of components cannot be kept 100%, it 1s necessary to
introduce the concept of tolerance.

Danish experience shows that tolerances can be regarded as a
"legal" tool on line with the "technical" meaning of the word.

In the following I shall state the justification of this view
more closely.

Tolarance, which, as will he known, indicates the limits of
variation for a required measure, is most interesting if we

consider addition of tolerances corresponding to addition of
components.

i
The first and quite certain principle of addition of tolerances !
is the so-called rule of addition, where the sum tolerance i
TSZTI +T2+ e s 000 00 . Tn, Where'r], TE, ®s 00000 Tn 1' the i
tolerance of the individual components to be put together as a *

whole. If components have the same tolerance T, we have for n
components T, 2 Ten,

With a large number of components the sum tolerance Tg will be
high. If we consider the sum tolerance Tg from a principle of
probability, i.e. that the composition most probably consists

of both "too large” and "too =small" components amorg each other
and not of only large and only small components exclusively, it
can be proved that Tg 2 T:vn, which means a considerable reduction
of Tg. This last method of calculation, however, can only be used
under the condition that the number of measures is equally

distributed around the measure reguired, which is practically
hardly ever fulfilled.

Form wear for instance will involve a distribution around a value
higher than the measure required. Although producers work hard
to control deviations, two things must be taken into consideration:

a) The production 1is so large that control measuring of every

single component is not justified from an economic point of
view.

b) The production on the other hand is 80 small that it would
not be economically justifiable to discard large quantities
of the daily production, as may f.1. be the case by mass
Sroduction of bottles, bolts etc., where a control measurement

may result in scrapping f.d., 100 units without considerable
economic loss.

In the above we have deliberately emphasized the
consequences exclusively, as measuring control
scrapping in a factory, must be closely compar
consequences of deliverinj the component on th

economic

» possibly involving
ed with the economic
e building site.
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According to our experience the foremen of the Danish building
sites have learned to distribute the inaccurancies from one or
more componente over the other components so that problems seldom
arise,

Furthermore, in erxtreme cases thare are different emergency
golutions at hard, e.g. for large joints where mounting of a
board as shuttering for later concreting saves the calamity. Or
for small joints where concrete must be replaced by f.1i. elastic
sealant.

Thase are both solutions which are safe (the safety and health of
the population must be considered), but which on the other hand
are only a matter of economy.

In special cases, where high accuracy is desired, it is also the
designer's task to try %o use some co-ordinate tolerances to
secura as high accuracy as possible. Under certain unfavourable
circunstances, however, it may be impossible to mount a component
because there may not be room enough.

In such cases it is important to be able to decide who is to
carry the economic reaponsibility, and the specified tolerances
are an excellent tool for this purpose.




4. JOINTS

4.1. List of Functional Requirements

As a rule, floor and wall joints will have structural functions
only. Facade joints may have many more functional requirements

to fulfil, such as the functions listed below, taken from the
IS0 document ISO/TC 59/SC 5/W6l - 1l6E.

General Check List for Functions of Joints

Draft proposal for an 1SO recommendation.
Functions grouped ynder Design Aspects

control of Environment

TO
To
To
To
To
To
To
To
To
To
To
To
To

resist
resist
resist
resist
resist
resist
resist
resist
resist
rasist
resist
resist
resist

passage
passage
passage
passage
passage
passage
passage
passage
passage
passage

insects and vermin.

plants, leaves, roots, seeds,and pollen.
heat.

sound.

light.

electro-magnetic radiation.

air.

odeurs.

water.

water vapour.

condensation.
generation of sound.
generation of odeurs.

Loadbearing Capacity

To reaist stress in one or more directions,
(a) compression.

(b) tension.

(c) bending.

(4) shear.

(o) torsion.

(£) stresses due to impact.

c Safety
Cl1 To resist passage cof fire.
Cc2 To rasist pressure due tc explosion.

D Accommodation of Deviaticns

Dl To accommodate variations in the sizes of the joint at
assembly due to deviations in the sizes and positions of
the joined components.

To accommodate continuing changes in the sizes of the
joint dueé to thermal, moilsture and structural movement,
vibration and creep.

E Pixing of Components

El To support joined components in one or more directions.
E2 To resist differentiai deflection of joined components.
E3 T0 provide fixing of components to structure.

D2




Appearance

Fl To have accepntable appearance.

¥2 To avoid promoticn of plant growth.

F3 To avoid Giscoloration due to algae, moulds or efflorescence.
r4 To avold pattern staining.

G Beonomics

Cl To have economic €irst cost.
Y To have economic depreclation.
32 To have aconomic maintenance cost.

Durability

Y1 To have specified minimum life,
2 To resist unauthorized dismantling or damage by man.

H3 TO res.st damage by animals and insects.

H4 To resist danage by piants and micro organisms.

H5 To resist damage by water, water vapour or aqueous solutions
or suspensions,

H6 Te resist damage by polluted air.

H7 To resist damage by light.

H8 To resist damage by electro-magnetic radiation.

H? To resist damage bv treezing of water.

H10 To resist damage by extremes of temperature.

H'1 To resist damage by eirbcrne or structure-borne vibration,
shock waves or high intensity sound.

g Maintenance

¢l To vermit partial or complets dismantling and re-assembly. N

K Ambient onditions

o To parform reguired functions over specified range of
temperatures.
K2 To perform required functions over a specified range of
atmoepheric humidity.
K3 To perform roquired functions over a specified range of
alr pressure differentials.
N To perform required functions over a specified range of
joint cliearance variation.
K5 To exclude if performance would be impaired: ‘

(a) ingects. 3
(b) plants. i
(c) micro-organisms. ;
(4) water. |
(o) ice. g
(£) snow. |
(9) polluted air. |
(h) solid inatter.

Under D I should like to add "shrinkage" and "settlements of the i
structure”. Furthermore, (under F, H, and K) some further func-

tional requirements may be added, such as discoloration or dama

on metal flashings (aluminiwm) from water containing other metals
(copper) or acids (H5 or H6 ?), chemical interaction betwesn

mastics and surface-treatments, hatching of small birds in open

joints (early morning noise) or of insects, snakes, vermin, etc.




4.2. Structural Joints

The following 1s a short description of considerations on which
the design of panisn structural joiats are bhased.

All joints are desicned 2o that the entire floor or the entire
wall can act as u plate *ransmitting in-piane forces only. The
individual components have transverse loading as well (viz. wind
on facades, dead and live loa? s floors etc.). All horizontal
joints (longitudinal and trinsverse) are reinforced (sometimes
even posttensioned in rigli-rise kl-ocks), but the components are
not weided together. The co-action ©f the somponents is based

upon the shear-keys on -he «dges cf floors and walls together with
reinforcement in the joints. Compression, and in certain cases
friction, will also contrihute *o the structural stability.

4:2:2, The Floor Joint

The floor joint (fiqure A) requires no formwork, and the chamfered
edges of the componerts enable differences of up to 3 mnm between
the undersides of the slabs tc be camouflaged. The tolerance for
component width * 3 mm i3 small, and the edges must be straight
and smooth.

The finished floor ccnsists of beechwood parquet boards mounted
on bearars which rest on sofr pads fe.g. wood-fibre) on the con-
crete slab, the underszide of which is painted.

The beech flooring is fwith traditional Danish wage rages) the
cheapest on the Danish market. This "Floating Floor" has excellent
sound-insulation capacity, and provides a space very suitable for
Placing electrical wiring and pipes for rcentral heating. Flooring
invelving less lakour will bee developed in view of the probable
future wage and price levels of an fndustrialized econony.

As mentioned above the entire floor is agssumed to act as a

plate for the transfer of wird forces to the bearing (cross-)walls.
For this purpose the edges of the :=tabs are toothed. The teeth act
as shear-keys in the cast joint.

An unequally distributed vertical load on flcer components can also,
owing to the tocthed joint edges, ke taken up by a diagonal
compressive ztress between the floor ~omponents. The resulting
tension compcnent perpendicular to the jcint {8 taken up by the
longitudinal joint reinforcement in the floor-wall joint (see this).
Tension perpendicular +o the joint cannot be taken up by the cast
Joint mortar, which makes it necessary to reinforce the joint (see
later section).
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Fiqure A.

$:2:2. _The Wall Joipt

The wall joint (figure B) likewise requires no formwork, and the
edges of the component are also toothed, so that the entire wall
acts as a plate for resisting the wind forces. '

Wall components do not as floor components have chamfered edges
along the joint for "absorption® of possible inaccuracies, as

wall components are filled up and covered with wall paper, whereas
the underside of floor components are normally visible.
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Walls with cross sections such as L, U, T, etc. are formtechnically
very @ifficult to make, and wall components are therefore joined
in the corners. An example of such a corner joint is shown in
figure C. Considering the static functional requirements the joint
can be reinforced.
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Tt may be consldered tn :orm the 35::t as shown in ficure D.
dowavar, attention must be pail to the faot that the éoncrete of
thie cast jolnt will shvink and that the adherence between the
cecncrete of the foirt and the wall zcmponent is very bad so that

scurd bridges ar. very Jively.

Figure C. Figuie D.

The most important influnences %0 whizh +the wall joint is exposed
will be horizontal forces along the joint, these are wind- and
mags—-forces which are led to the tcp of the wall by the floor
slans to be pasused ¢n by the wall. A number of theorles have
haen made to explain how these shearing forces are absorbed or
rather transferred from one wall component to the other.

As for the transmission of shearing forces it is generally so

that the more or less pure shearing stresses in the concrete of
the joint will involve sloping tensile stresses which will, on
reaching a certain level, make cracks in the concrete, this result-
ing in a widening of the joint. This widening is counteracted by
the reinforcement in the floor-wall joint (see this) or by a cross-
reinforcement in the joint when a compressive stress from the
reinforcement is introduced in the joint reducing the further
fuormation on cracks and "keeping together" the joint until the
final state of cracking.

In Denmark engineers aormally allow a maximum shearing stress of

2 kp/ecm® calculated over the total joint cross-section. If a cal-
culation shows higher shearing stress the joint is reinforced.

This cross reinforcement between wall components is established

by casting so-called "hairpins" in the wall sides, see figure E.
Co-action between this reinforcement will arrise partly frum the cast
joint concrete, and partly from the vertical reinforcement shown.
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where possibla, f.i. in corners, simple bolt joints can be used
as shown in figure ¥.

4,2.3, The Floorz¥all Joint

This joint 1s shown in figurs G and H. The load on the floor-slabs
must be transferred to the wall on which they rest. The load from
the wall above the joint must be carried downwards. Regard must

be paid to production and erection tolerances. Figure I shows the

reinforcement which ensures the co-action of wall and floor compo~
nents.
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Figure I

The vertical forces in the walls cannot be carried through the
floor slabs: The floor slabs contain hollow corres, and the narrow
sones between them cannot take the forces from a fully loaded wall.
Furthermore, the floor slabs (to increase speed of erection) rest
on a dry joint. (Thus, the stress distribution is a function of
small irregule -ities in the compoi :nt surfaces.).

Therefore, the vertical forces must be transmitted directly, i.e.
through the cast-in-situ concrete in the joint, the cross-section
of which is only sliqghtly smaller (75%) than that of the wall. The
load is transmitted centrazlly, and stress distribution is fairly
well known.

Finally, figqures G and H shows the 1lifting bolts and nuts used for
handiing the components, as well as securing the tolerances of the
structure.

The nuts are levelled befcre erection of the wall above, inaccuran-
cies do not add up from storey to storey. The 33 mm gap batween the
cast-in-situ concrete and the wall component is packed with mortar.
The loads on the floor slabs are transmitted to the wall top by a
row of cams at 150 mm intervals. Concerning these details see

point 5. Figure J shows the formation of the floor-wall joint

in case the longitudinal sides of the floor component form the
limitation.

Please notice that the upper edge of the wall component has been
lowered in proportion to the underside of the floor component, and
thus in proportion to the wall components described above. If the
wall components are not lowered, it will be impossible to lay floor
components with deflection. It has also been considered important
to have as large a cross-section area of the cast concrete as
possible, by placing the floor component 40 mm from the edge of the

wall component and letting the floor component on the other side of
the floor-wall joint be a special component.
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4.3, Facade Joints

Some of the eariy prefab houses had onc-stage vertical facade-
joints, and most v the. leakdd. <01 a4 one-stage ‘ioint the water-
seal and the .ir-—-seal is combined Although some vertical one-
stage facade ,uliatbts, saaleu with a qood sealant, w0 not leak,

it is very unlikely that a completed buildiag with one-stage joints
should not have a number of leaks (some are unnoticed as the joint-
details often provide some xind of drainage) . One-stage joints
gealed under laboratory conditions have much better performance
than the joints sealed on a puilding=-site.

All sealants will ultimately fail. Some may zerve for a long

period of time, but probably none will serve for the life time

of a bullding. Therefore, a geal must be placed so that maintenance
is easy.

Shrinkage, creep, temperature, warp, etc., in adjoining components
will deform the sealant, and the permissible deformation will de-
crease with the aging of the sealant. It is wise to say, that a
plastic sealant ahould never be used on the outer side of a
building, and on the inner side only where cracks are acceptable.

The adhesion to the joint surfaces is often doubtful, as wet, cold
humid, dusty, painted, impreqgnated, asphaited, etc., etc., surfaces
are unsuited for secaling with most types of sealants. Most surfaces
on a site are certainly either wet or cold or something else.

1f the surface is profiled, rought cr have exposed aggregates, the
application of a sealant is difficult.

Purthermore, a guarantee will quite often cover the material only,
not the labour, and is nullified, 1f the priming is wrong (priming
is often wrong). No firms give a guarantee for a reasonable period
of time (10 years or more).

Pinally, appl: zation and supecrvis on are rather ¢ (fficult.

Even smali gap can give unacceptable leakage, when the full air
pressure difference acts on a facade covered with a water film.

onclusion A: It is wise to use spaecialists for sealing, to use
elastic sealants only, to avaoid the use of sealants on the outer
faces of a buiiding, and to avoid one-stage joints.

Conclusion B: A two-stage seal is better, consisting of a baffle
Beal, strip or the like) as the outer, almost water-tight stage,

and of an air-tight seal as the inner stage, with a ventilated,

drained cavity between the two seals (the outer seal does leak

a bit, but leaks less if no air pressure difference acts across

the baffle, ssal, strip, or the like).

Figure K iliustrates the two principles, the one-stage and the
two-stage vertical joint. The two-stage joint is often called

"the open joint" or "the ventilated joint"” ("rain-screen-principle”;
"pressure-equalization”, etc.). It was developed and successfully
used in Denmark 12 years ago, Its functioning was checked by
experiments in the Norwegian, and later the British and Canadian,
Building Research Institutes. The two-stage joint is the only
recomnended principle to-day in prefab construction. See also

the submitted papers for the CIB Sympoeium "Watertight Joints

for Walls", Norway 1967.




FPiqure K. One- and Two-Stage Joints in Wood-Framed Facades
réaﬁg §.A.111u|trates the one-stage ioint. A sealant acts as
]

ned water- and air-seal. A crack in the sealant due to aging
or deformation, or a gap hetween the seaiant and the component due
to failing adhesion, or any other small opening will primarily give
a (possibly) acceptable air-leak. During rain, especially driving
rain on multi-storey facades, a water film will cover the facade
and the air pressure difference vill press the w1iter through the
leak. Quite cften cover strips (+a in figure K.M.), profiled edges
or the like will lead the water, making the tracing of the actual
outer leak difficult.

r e K.B illustrates the two-stage vertical joint in a wood-

r acade. Near the outside (down in figure K.B.) a baffle is
8lid down in grooves in the adjoining components. The baffle may
be of neoprene, PVC, impregnated wood, metal, etc. The baffle will
8top driving rain, but some water may seep through at the grooves.
The cavity hebind the baffle is ventilated (throught the horizontal,
overlapping joint) so that no static air pressure difference (but
possibly a minor dynamic difference) will press water across the
grooves. Water intruding into the cavity will stop at the next
groove and run down along the groove, probably due to surface
tension hindering the passage of sharp edges (figure X.C.). The
cavity, with the vertical, draining groove is ventilated and
drained outwards at the horizontal joints. Behind the cavity is
4 strip of rockwool (fire protection) and the second stage, the
air-seal, consisting of a neoprene tube under compression.
Rockwool, pointed into the joint, against a stop, may form an
equally good air-seal, The cover strip on the inside is not taken
into account.
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Figure L. Baffles in Two=S‘tage, Open, Ventilated, Vertical Joints

betweer Concrete Facade Compoanents.

&&_& illustretes similar baffies in two-stage vertical joints
n concrete panals. Aygain thz cavity is ventilated and drained
at the horizontal, overlapping joints. The baffle in figure L.A.
consists of a 3 mm neoprene strip, =114 into grooves. Behind the
baffle is a washboard, i.e. inclined grooves, leading the water
down, outwards, see figure L.B. (a section through L.A.).

Pigure L.C. sh ws a corbined baffl and drain of xtruded neoprens.
{h. small cavities bLetween the Sirn. act as verticel drains (Vari-
ock) .

The width of the joint is 16-20 mm so that dimensional deviations
can be taken up, #c that variations in width of the joint should
not be too visible, and so taht a sufficiaent gap for placing the
neoprene is obtained. _




rlgure M. Overlapping, Horizcntal Joint in Concrete Facade.

rﬁg_\%g M illustrates a typical, horizontal, overlapping joint.
ownwards projecting pari: of the component above covers the
threshold of the component beiow the joint, and makes the joint
water-tight. The casting and the poirted nortar (E) form the air-
seal. A two-stage joint.

D is a rockwool strip forming a stop for thz mortar,

(A) indicates the necprene stzip in the vertlcal joint. The neoprene
follows the overlapping, ventilated ioint and ends up inside where
it is fastenerd in the casting of the floor-wall jeint.

C is a groove stopping horizontal waterflow from entering the
vertical joint. B is an alternative, a BPVC foll coveriny the
vertical joint., A foll (F) 1s anyway glued to the top of the
component, protecting the insulation against rain during erection.

The minimum height of the threshold is 40-50 mm. The width of the
Joint is approx. 18 mm so that dimensicnal deviations can be taken
up, and so that the varlation in width shall not be too visible.

The horizontal joints drains the vertical joint, and ventilates
the joints as well as the insulation.

The air-seals in the vertical and horizontal joints must mest at
the joint-intersections if a gufficient air-tightness shall be
obtained. This simple fact is quite often ignored. The resulting
air-leak may transport water into the building.
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DESIGN GE COMPONENTS

Before going throush the principles of desicn of components it is
necessary to give a bla:i Lilascrduivi VL Scme structural systems.

The normai stiuctlldi uesigyas wiil, in Denmaik, unually be based
on load-bearing cros.s-walis. This is so for a deversity of reasons,
some of the nmore imprrtont ones being:

a)

b)

c)

d)

e 0 1300 (184}

The requireents I sovnd-insuiation bhetween {lats and
between flats srd stalrwell car be fuifilled by vsing heavy
walls batwean tle flats ond around the stairweil,

By using load-beari~y cross-walls the facade can be made
as a light facade (timber frawed), which: will in many cases
give the acrchitect greater scope in designing these facades.

A flat containing : rours or ameors should face cpposite
directions te make it jossible tu cross-ventilate the flats.
The normal lay-out is that of twe flats around the stairwell,
sea figure N.

The balcony, which is nearly always demanded, is easy to
design when usiny load-learing cross-wells,

AR Spens ore Multipies of 320m {17}

Figure N

The disadvantage of using lcad-bearing cross-walls is the small
degree of flexibllity within the flat as it is impossible to mowe
the walls between the different roonmr.

Statically the load-bcaring cross-wa:l system acts as followss

a)

The loads on the fioor slabs must be transferred to the wall
on which they rest. This load as well o5 the load from the
walls above nust be carried downwards to the base.
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b) The horizontal fcrces fsuch as wind-loed) will be transferred
through the floor-sla“s to the loai-bearing walls, and through
these to the base.

As to the longitudine. horizontal load, this is usually
trancfe. red to the wall 1in cae stairwell.

Another structural design 13 based on the principle of load-bearing
longitudinal walls, known from traditional building with a load-
bearing facade and a load-beariry longitudinal wall. The transmit-
ting of vertical as well as horizontal forces will in principle

be as described above.

5.1. Floor Components

According to Danish standards the plan..ng modules in horizontal
direction must be 3M = 300 mm (in vertical direction 2 M = 200 mm) .
The dimensicns of floor components are named as follows:

B = width
L = length
T = thickness

Based on the planning modules we have at first the following "erowd®
of measure:

B - 300' 600' 900' e 0400908 m, t . 300 m
L - 300' 600' 900, oo e 00 m, n . 300 mm

It is obvious that a combination of these figures will give a very
large number of differend components. It is therefore natural to
look for some kind of limitation, in the way of keeping either B
or L constant. If we choose to keep B constant = 1200 mm, we can
decide whether this choice is reasonable by regarding the applica-
tions of the components. If the components are applied for a load-
bearing cross-wall construction, this means a 1230 mm differenace
in the depth of the housge and a 300 mm difference in the width of
the room. They have both proved acceptable in Denmark. For a load-
bearing longitudinal wall building conditions will of course be
opposite, if, however, the longitudinal walls and facades are
straight, it is sufficient that the distance from stairwell to
stairwell, possibly the length of the house, is a multiple of
1200 mm. In Denmark B = 1200 mm and L = 1800 + q * 300 mm have
baen chosen.

Below are shown some simple examples showing how the decision of
B and L works out and dces not work out in common building
structures.
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The question marks do not signify any important problem since in

that kind of building we often have "equalizing rooms" (kitchen,

bath, cleaning room etc.), which at a suitable dimension may make
the components work out.

Thickness T (r rmally 185 or 215 n1) is determine . on the basis
of the functional roquirem.nts: slrength - fire stability -
sound etc.

Floor components, which are hollow core slabs, are cast horizontally,
whereby the underside becomes smooth whereas the upper side becomes

rather uneven, which is acceptable because of the above mentioned
*floating floor".

The loads on the floor slabs are transmitted to the wall top by

& row of cams at 150 mm intervals. In practice the slabs do not
rest on all the cams, and some are useless because of openings in
the floor slab. Many experiments have shown that the bearing
capacity of one cam only is approx. 3 tons, provided that the
reinforcement is carried at least 50 mm in over the wall (40 mm
is the most unfavourable combination of production and erection
inaccuracies), i.e. carried through to the end of the cam.
Experiments with a normal component, 8 cams, show a bearing

capacity of 9 tons, which even for the longest components gives
a safety factor of approx. 4.
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5.2. Wall Compiients

The wall conownerts are aclicd and s-re

_ Inicrced (except for
rexn{orﬁement arownd dovrs, and avmase Fov g 1ight transport-
relnfoscomant ).

The height C.iresponis ot Tue Standaru storey hewght of
2800 mm. The ~Wwloth F20:, L0, 2400 mwm, “he thizkness 1s
150 or 280 mm s o the raquiroments of arrergrk, fire-
gtabll itv, coung-ins.dastion 2t

$.3. Pacute Coiponents

In mOs% Hlecks f €lats the facade panel: are concrete sandwich
compoiients and/or wowd framed facades,

cConcrete serndwich components consist of an exterior skin of
concrete with a teadv-irade finwsh (profiled or exposed aggregates),
a laver of insulation (rockwoot ny expanded polystyrene), and an
internal layer of concrete.

The internal Jlayer iz usually the statically zctive layer, taking
up the components' deadload ard the windlcad, and sometimes loads
from the floor. Facades cu cross-wall blocks will transmit their
windload to the flnors and trh: ix deadicad to brackets at the ends
of the cross-walis (a hanying facade), or the deadload will be
transmitted from one componenrt o the next beiow (a self-bearing
facade). When the flooys are supported at the cross-walls, the
gable components are statically cross-walls, constructed as
concrete sandwich paneis. Their intaraal laver transwits the
windload to the ficors. and +=akes up deadload of gables and floors
above the component in guestiorn, as well us ‘ne live load on the
floors. Finaliy, the internal layer, together with the other cross-
walls, act as windkracing walls for wind urthogonal to the facade.
(A gable is a load~hearine farade, and usually also a bracing
wall.) Due tc thermal movements ‘“e outer layer ‘annot be used as
a load~bearing member., ~nA vhe Farades with oute - active layer

are always hanging facades, never hearing.

The two concrete lavers in a sandwich nanel have relative movements.
The dimensicns of the interior laver vary a little annually due

to minor alterations of the inside temperature, whereas the exterior
skin will have considerabls thermal variations in dimensions, diurnal
and annual, due to the alimate. Therefore, a longish, rigid connec-
tion between layers will cause cracks in the tie if not in the
exterior skin and/or deflections (shich may open up joints) .

Figure O.A 1llustrates a stainless steel (or alloy) tie suitable
for a panel without a window {(a gable). The exterior skin, to the
left, is hanging 3n the tie (or ties all located close together
above the center of gravity of the exterior skin).

Figure O.B illustrates a tie suitable for use in panels with windows.
The outer skir hangs in two ties, one on each side of the window,
the ties being long enough to take up thermal movements with low
stresses.
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